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ew! Type 1681 Automatic

Impedance Comparator — $4975

We've made
life more
difficult

Now you must choose
between TWO
automatic bridges

With the introduction of the 1681
Automatic Impedance Comparator,
you are forced to decide whether it
or the 1680 Automatic Capacitance
Bridge is better suited to handle
your measurement problems. You'll
thank us, though, because we've
made life easier for you in the long
run.

Whichever instrument you choose

- 1680 or 1681 — you get a true
three-terminal bridge, with all the
inherent accuracy and stability of a
bridge. You also get BCD output
data, %4-second (or less) automatic
balance, and a choice of frequencies
(120, 400, or 1000 Hz).

Like the 1680, the 1681 can be used
by itself or it can form the nucleus of
an automatic measuring system.
Systems typically include devices
such as scanners, recorders, card-
or tape-punches, and even on-line
computers. Call your nearest
General Radio Office, or write
General Radio, W. Concord,
Massachusetts 01781; telephone
(617) 369-4400. In Europe Postfach
124, Ch 8034 Zurich 34, Switzerland.

Type 1680 Automatic
Capacitance Bridge — $4975

W T Mgy

The 1681 is direct reading in
impedance-magnitude and phase
angle differences, and it can
measure R, L, or C from 2Q to
20 MQ.

The 1680 is direct reading in
capacitance and dissipation factor
(or conduclance) over a 0.01-
pF-to-1000-uF range.

The 1681 achieves its flexibility
through the use of external
standards — precision laboratory
standards or your production
samples.

The 1680 contains its own highly
stable internal standards.

The 1681 can read A|Z| to within
10 ppm of your standard and A6
to within 0.00001 radian. Com-
parison accuracy is as good as
0.005%.

The 1680 reads absolute value of
capacitance and loss factor to
five-figure resolution at 0.1%
basic accuracy.

The 1681 is best suited for com-
parison measurements or for
measurements requiring extreme
resolution. Typical applications
are component evaluation such
as temperature-coefficient mea-
surements, receiving inspection,
production testing, sorting, and
precise measurement of small
and low-loss capacitors.

The 1680 is best suited for general
capacitance measurements where
wide range, ease of use, and
direct readout are desired.
Capacitor sorting, process
control, and quality control are
typical applications.

Circle 900 on reader service card
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A better Ay
V-F Converter? iy
Look no

farther. —

Take this voltage-to-frequency converter, couple it with your electronic counter—
and you have a highly accurate low-level integrating digital voltmeter with high
rejection of superimposed and common mode noise. Use it with counter remote
start-stop signals to measure long term integrals. Use it with a preset counter and
you can scale or normalize analog signals. Or integrate signals crossing zero with a
reversible counter. Use two converters for ratio.

The Hewlett-Packard 2212A is more accurate, stable and linear. faster responding,
smaller than any other V-F converter on the market. Input ranges down to 10 mV
for 100 kHz output. Bipolar response with polarity output. 114 dB common mode
rejection at 60 Hz. Internal calibration reference included. Use on the bench or in-
stall in combining cases; cases available to hold two or ten converters. Price, $1100.

Call your local HP field engineer for complete specifications, or write Hewlett-
Packard, Palo Alto, California 94304; Europe: 54 Route des Acacias, Geneva.
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COUNTER RESOLUTION

RESOLVED:

get dc to 135 MHz in a general purpose counter

RESOLVED:

get 10 ns time-interval resolution

RESOLVED:

get both in this new team from Hewlett-Packard
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You get more and more from HP counters. Now we've
extended the basic frequency-counting range to
135 MHz with a new general-purpose HP 5248L/M
Counter. And increased time-interval resolution to 10
ns with the new HP 5267A Time Interval plug-in.

This new team offers the best price/performance com-
bination available to measure period or interval in such
high-speed areas as wind-tunnel testing, shock wave
propagation, computer switching, pulse generation,
pulse delay, and similar investigations. Moreover,
you're getting the most versatile, general-purpose
counter available.

The 5248L Counter is based on the same technology
as the widely used HP 5245 series. Besides extending
the frequency range to 135 MHz, the 5248L increases
period measurement resolution to 10 nsec, too. Time
base aging rate is less than 3x107" per day. (The
5248M version gives you fast warm-up and greater
time-base stability, <5x10-'""/day). And you can use
all 12 plug-ins and other accessories for the 5245's,
like the transfer oscillator and heterodyne converters
that go up to 18 GHz.

2 Circle 2 on reader service card

For the first time, the 5267A Time Interval plug-in
combines all these features in one unit: 10 ns resolu-
tion above 100 ns, dual trigger level controls, marker
outputs to identify the measured interval on an oscil-
loscope, 100 mV sensitivity, ac or dc input coupling,
and 1Mq/35 pF input impedance that doesn’t change
with multiplier settings. Together the 5248 and 5267
make a universal counter team the exceeds all previous
limits. (The new plug-in will also add these features to
the 5245 series counters, except time interval reso-
lution will be only 100 ns.) Price: 5248L Counter,
$2900; 5248M Counter, $3300; 5267A Time Interval
plug-in, $400.

Your HP field engineer can help you attack any count-

ing problem. Or write Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des Acacias, Geneva.

o817

HEWLETTﬂ PACKARD

ELECTRONIC COUNTERS
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Space electronics: NASA's unhappy
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approval
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For the record

Electronics International
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Third-generation small computer to
make its debut in December
Components review
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Pressure transducer is washable
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Title R registered U.S. Patent Office; © copyright
1968 by McGraw-Hill Inc. All rights reserved,
including the right to reproduce the contents

of this publication, in whole or in part.
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Readers Comment

ABC votes nay

To the Editor:

Many of the technical comments
in the article “CBS nominates a
convention hopeful” [Aug. 19, p.
74] missed the point entirely con-
cerning characteristics for a suc-
cessful r-f camera operated in a
convention hall.

In addition, a major focus of the
article is on construction of the
camera around three lightweight
hybrid lead-oxide tubes which are
claimed to approach the perform-
ance of the standard magnetic
focus and deflection 30 mm Plum-
bicon. The performance is actually
far from that of the Plumbicon and
it took ABC to develop a lightweight
camera which has the low lag and
long life of the standard Plumbicon
by using it in a unique two-tube
configuration.

In the article much was made of
the reduction in color error due to
multipath resulting from transmis-
sion of NTSC encoded video. ABC
utilized a system of Secam-type en-
coded video which completely
eliminated error due to multipath,
and actually made the r-f connec-
tion as solid as that of the cabled
cameras.

At the Miami convention, the CBS
cameras made pictures that flut-
tered in hue and saturation, as con-
trasted with the solid ABC pictures,
which benefited from the f-m
chroma transmission standard of
Secam. This latter feature also adds
to the ability to tape record distor-
tion-free pictures directly from the
camera.

The article made a point of the
well-planned rf system that in-
cluded an omni antenna at the
backpack. Unfortunately, it is com-
mon knowledge that this would be
anathema in a crowded convention
hall. ABC anticipated this and de-
signed a 75° horn mounted on a
radio-controlled platform. CBS mud-
dleddled through by adding a
second man to the camera team to
carry a pole with a horn attached.

As far as remote controls are con-
cerned, ABC was right there with
not only the remote controlled an-
tenna but also tally, horizontal
sync, vertical sync, color lock and

Electronics | September 30, 1968



Add Sprague Series 7400A
L

to your prints for

Series 74N TTL circuits.

l“

They’re pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7400N Quad 2-Input NAND USN-7400A
SN7401N Quad 2-Input NAND (No Collector Load) USN-7401A
SN7402N Quad 2-Input NOR USN-7402A
SN7410N Triple 3-Input NAND USN-7410A
SN7420N Dual 4-Input NAND USN-7420A
SN7430N Single 8-Input NAND USN-7430A
SN7440N Dual 4-Input NAND Buffer USN-7440A
SN7450N 2-Wide 2-Input Expandable AND-OR-INVERT USN-7450A
SN7451N 2-Wide 2-Input AND-OR-INVERT USN-7451A
SN7453N 4-Wide 2-Input Expandable AND-OR-INVERT USN-7453A
SN7454N 4-Wide 2-Input AND-OR-INVERT USN-7454A
SN7 460N Dual 4-Input Expander USN-7460A
SN7470N D-C Clocked J-K Flip Flop USN-7470A
SN7472N J-K Master Slave Flip Flop USN-7472A
Dual J-K Master Slave Flip Flop:
SN7 473N Single chip, pin 1T GND USN-7473A
- Single chip, pin 7 GND USN-74107A
SN747 4N Dual D-Type Edge-Triggered Flip Flop USN-7474A
- Dual AC Clocked J-K Flip Flop USN-7479A
COMPLEX ARRAYS
SN7441N BCD-To-Decimal Decoder/Driver USN-74418B
SN747 5N Quadruple Bistable Latch USN-74758B
SN7 480N Gated Full Adder USN-7480A
SN7482N 2-Bit Binary Adder USN-7482A
SN7483N 4-Bit Binary Adder USN-74838B
SN7 490N Decade Counter USN-7490A
SN7491AN| 8-Bit Shift Register USN-7491A
SN7492N Divide-By-Twelve Counter USN-7492A
SN7493N 4-Bit Binary Counter USN-7493A

For complete technical data on Series 5400 and 7400A
circuits, write to Technical Literature Service, Sprague
Electric Co., 35 Marshall St., North Adams, Mass. 01247

SPRAGUE WORCESTER...the world’s finest microcircuit facility

Electronics | September 30, 1968

SPRAGUE

THE MARK OF RELIABILITY

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

Circle 5 on reader service card

5



Some people will buy a Sierra
High-Power Signal Generator

You can change the output tube in a Sierra Model 470A in as
little as 30 seconds. With other signal generators, the job eats
up precious hours. So you can’t really fault a man who goes
overboard on this quick-change act, even though he may be
overlooking some of the more important advantages of owning
a 470A.

For example, consider the low cost of high-power output, as
depicted by this table:

Fn(a&u"er)lcy Range 50-200 200-500 500-1000 1000-1800 1800-2500
z

Maximum Power (W) 50+ 65+ 60+ 40+ 20+
Price $2,650 $2,555 $2,555 $2,835 $3,360

Each of the five models puts out more than enough power to
comply with field-strength requirements of currently effective
EMI specifications.

Consider such conveniences as: Direct-reading, front-panel
meters that keep you posted on power output plus grid and
cathode current; an output monitor jack that gives you power
samples 35 db down from the main output, ideal for waveform
analysis and frequency calibrations; automatic protection
against no-load or underload conditions.

Weigh the specs. A magnificent body of technical literature
awaits your pleasure. Write Sierra/Philco-Ford, 3885 Bohannon
Drive, Menlo Park, California 94025,

...for the pure pleasure
of changing the only
tube in its magnificent
solid-state body

PHILCO

PHILCO-FORO CORPORATION
Sierra Electronic Operation
Menlo Park, Califorma « 94025




Readers Comment

iris which permitted its three
cameras to be operated via r-f for
the entire convention period within
the highest broadcast standards.

If the CBS camera was nominated
I can safely say that ABC’s Scram-
bler was elected.

Max Berry

Manager
Audio/Video Systems
American Broadcasting Co.
New York

Creating incentive

To the Editor:

The article on CO; laser systems
[Aug. 5, p. 51] though interesting in
itself points out three more signifi-
cant points or, if you prefer, elec-
tronics industry maladies.

The first of these is the fallacy in
the industry belief that all advance
technology flows forth only from
Bell Labs, and secondarily that
only well-known scientists such as
C. Kumar N. Patel deserve credit
for advancements in their fields.

Although I respect Mr. Patel’s
reputation and admire his contribu-
tions to the science, I for one am
pleased that, within our crippled
and sadly ailing patent system, the
man there “first with the most”
gets the credit.

The third and perhaps most sig-
nificant point is the “He’ll get noth-
ing” statement uttered by Robert
Dressler, president of Riker Video
concerning inventor R.C. Vickery.

I am sure this attitude is war-
ranted if Vickery was a full-time

= === = e e— o — e ——

research scientist. Then, credit is
payment enough to negotiate for
higher paying positions in his ca-
reer development. On the other
hand, if he were just a creative en-
gineer—as is often the case in a
small company—not being paid as
a researcher, I am sure Mr. Dres-
sler’s ill-chosen words will cause
his own technical staff as well as
many others to reflect more than a
little on the expressed creative in-
centive of “He’ll get nothing.”
W.D. Summers
TRW Inc.
Loveland, Colo.

Television in India

To the Editor:

“India bids for self-sufficiency”
[Sept. 2, p. 117] reflects an inform-
ative image of the nation today and
tomorrow. The various statistics are
quite accurate. However, the article
may develop a misleading impres-
sion for a reader not familiar with
living standards, inceme, etc. of the
different masses in India.

For example, a price of $250 for
a 23” tv set may sound reasonable
by American standards but the
median income of a salaried per-
son from a middle class family is
between $400 and $533 (approxi-
mately 3,000 to 4,000 rupees). That
means he will have to save at least
half a year’s salary to enjoy tele-
vision entertainment.

Ramakant Dhond
Bendix Semiconductor
Holmdel, N.J.

SUBSCRIPTION SERVICE

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

Mail: to: Fulfiliment Manager
Electronics

ATTACH tf you are moving, please let us know

CHANGE OF ADDRESS

five weeks before changing your address.
MBEI- Place magazine address label here, print
HERE your new address below,

Air Traffic
Control System
0f

Central America

uses Farinon radio and
multiplex systems for
reliable telephone
circuits.

So do 16 US government agencies,
45 US telephone companies of

all sizes, 36 communications
agencies of other governments,
and the Volta Aluminum Company
of Ghana...among 223 others.

Farinon has won a world-wide
reputation for performance,
reliability, economy and all-
around engineering judgment.

Write for our catalog of radio,

P.0. Box 430 , 5 4
Hightstown, N.J. 08520 A = microwave and multiplex equipment,
| accessories and services.
I To subscribe mail this form with your payment
and check [] new subscription [] renew my | name
| present subscription hl " .
I Subscription rates: qualified subscribers In the | agdress ° . '
U.S. 1 year $8 two years, $12; three years, l b
I $16. Non-qualified: 1t year $'|256I Subscnptlgtn
rates for foreign countries available on request. a5 ats 7Ip code _J Erarlrgon_Electric,.iss_mshinmn st, San CM(’. Cal. 94070
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| State: Zip

8 Circle 8 on reader service card

Who’s Who in this issue
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Padwick

Matching test equipment to the requirements of customers is Gordon D.
Padwick’s job. As applications manager in the systems group at the Fair-
child Instrumentation division, the author of the article on the dynamic
testing of integrated circuits (page 74) is strongly aware of the importance
of dynamic parameters as well as the problems of measuring them. Pad-
wick is a native of Birmingham, England, and holds a BSEE from the
University of London.

Now a consultant on computer applications in processing industries,
George Marr, co-author with Leo Noronha of the article on hybrid com-
puters on page 86, studied chemical engineering at Yale, received a Ph.D.
from Princeton, and taught at Yale. He left Electronic Associates Inc.
this year, having worked at that company since 1961. Noronha is man-
ager of computer systems applications at Electronics Associates. He
received his BSEE from the University of Birmingham, England, in 1958,
and has worked in Mexico, England, and Belgium. He is a member of
the British Computer Society and of the British IEE.

| i

Noronha

Marr
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Shapiro

Computers need programs to make
them work, and planning the world-
wide distribution of these programs
is the job of Saul Shapiro, author
of the article about choosing a
simulation system on page 91. Sha-
piro is an advisory systems analyst
in the program information depart-
ment of IBM’s Data Processing divi-
sion. He has been with the com-
pany since 1959. Like most com-
puter applications people, Shapiro
relies on a mixed bag of skills. He
holds a bachelor’s degree in chemi-
cal engineering from Cooper Union,
and a MSEE and Ph.D. in mathe-
matical statistics from Columbia.

After receiving
his bachelor’s
degree in indus-
trial engineering
from the Univer-
sity of Minne-
sota in 1955,
Donald Gray
joined the West-
inghouse Elec-
tric Corp.’s Elec-
tronic Tube division. In 1960, when
solid state devices began to replace
vacuum tubes, Gray moved on to
National Electronics, where he has
worked on rectifier design, develop-
ment, and production engineering.
Since 1963 he has been doing de-
velopment work on SCR’s, work that
has helped produce the regenera-
tive-gate device described in the
article on page 96.

Gray
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Do you have this
new capacitor data ?
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DIPPED MICAS. .. for entertainment and
commercial equipment

Single-film silvered-mica capacitors cost less than stacked
mica or ceramic types. These capacitors are rated at 300
WVDC and have good stability and retrace characteristics
over their operating temperature range of -55C to +85C.
Capacitance values from 10 to 360 pF, 5% are available.
Put this quality and performance into your next design.
Ask for Engineering Bulletin 1010,

CIRCLE READER SERVICE NUMBER 220

SPARK GAPS . .. for TV tube protection

Sprague spark gaps suppress tramsient voltagc surges and
protect your expensive picture tube and allied circuitry.
They are available in 1.5 kV and 2.5 kV ratings, and have
a maximum capacitance of 0.75pF, providing an economical
means of safely bypassing transient overvoltages. All
Sprague spark gaps are 100% tested to insure your circuitry.
Use them to protect your picture tube warranty. Ask for
Engineering Bulletin 6145A.

CIRCLE READER SERVICE NUMBER 221

DISC CERAMICS. . . for general, temperature-
compensating, and low-voltage applications in
industrial, commercial, and consumer equipment

GENILAL-APPLICATION
Cote-mela DL CAPATTONS

i

AP R ATURCOMPINSATING
Cove mads ORI CAPATTORY

*--C\Q&a‘e:'@

¢

|

SPRAGUE COMPONENTS

Cera-mite® general application discs for bypass and cou-
pling at low cost. Nine disc sizes from .300 to .875 inches
have 100, 250, 500, and 1000 WVDC ratings, in standard or
temperature-stable formulations. Dual-section discs have up
to .022uF @ 1000 V. Ask for Engineering Bulletin 6101D.

CIRCLE READER SERVICE NUMBER 222

Cera-mite temperature-compensating discs for controlled
capacitance change with temperature in R-F oscillators,
precision amplifiers, timing circuits, other critical applica-
tions. Select from ten linear temperature coefficients from
NPO to N2200. Capacitance values from | to 2200 pF with
1000 WVDC ratings are available, plus popular values at
3000, 4000, and 5000 WVDC for TV yoke circuits. Mini-
fied units in 250 WVDC ratings may be obtained with
capacitance values ranging from 22 to 990 pF. Ask for En-
gineering Bulletin 6102B.

CIRCLE READER SERVICE NUMBER 223

Hypercon® ultra-high capacitance discs for low-voltage

circuits. Replace electrolytics with non-polar Hypercon

capacitors only a fraction as large. The 2.2uF, 3 volt disc

has a diameter of .875 inches; the 0.1uF, 25 volt unit

measures .750 inches. Ask for Engineering Bulletin 6141F.
CIRCLE READER SERVICE NUMBER 224

For bulletins in which you are interested, write
Technical Literature Service, Sprague Electric Co.,
35 Marshall St, North Adams, Mass. 01247

CAPACITORS

TRANSISTORS

RESISTORS

INTEGRATED CIRCUITS
THIN-FILM MICROCIRCUITS
INTERFERENCE FILTERS

apc-TINIM

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS

PULSE TRANSFORMERS
CERAMIC.BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

THE MARK OF RELIABILITY

“Spragus” ang @ are reistered trademarks of the Sprague Electne Co,

9



5 things you should know

3.More than a switch:

Most double-diffused power transistors can only
be used for switching applications. But, Fairchild
power transistors have extremely high power dissi-
pation. That means they can also be used as ampli-
fiers. (Servo-amps, power amps, class B push-pull
amps, etc.) They also make good switches.

10 Electronics | September 30, 1968



L.The discrete emitter:

Fairchild has improved beta linearity character-
istics of power transistors. We chopped the emitter
into many small discrete emitters connected in
parallel by buss bar metalization. As a result, the
increased emitter-base peripheral area raises
emitter injection efficiency.

2.Integrated feedback
l‘eSISfOI‘S: We also increased the safe

area of operation. With a built-in safety fuse. Each
discrete emitter is connected to the buss bar through
a deposited thin film nickel-chromium resistor. That
keeps the current flow under control and increases
the device’s second breakdown capability. If any
emitter overheats, its resistor will open. Fairchild
power transistors will perform without detectable deg-
radation with up to 10% of the emitter sites opened.

about silicon power transistors:

4.Planar II;

Several manufacturers use the Planar* process to
make power transistors. But, not the way we do.
(That's why other power transistors are limited to
switching functions.) So, if you're a circuit designer,
you don't have to put up with the low reliability and
poor frequency response of Mesa designs. Fairchild
offers reliable, 100%-tested epitaxial Planar power
transistors with high frequency response. And, with
all the advantages Fairchild power transistors offer,
they cost only a little more than Mesa.

i3 " '-"IY'- Jrrrwi:r
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5.Power source:

You can get power transistors from your local
Fairchild distributor. He’s got NPNs and PNPs.
Amplifiers and switches. Simply circle the Reader
Service Number below for complete specifications
and applications information.

Fairchild Semiconductor, A Division of Fairchild Camera and
Instrument Corporation, 313 Fairchild E————————
Drive, Mountain View, California 94040 w
(415) 962-5011 TWX: 910-379-6435 SencONDLCTOR

Circle 11 on reader service card 11



The
New
Emancipator

63 KEYS TO COMPUTING FREEOOM ARE NOW WITHIN YOUR REACH!

Freedom from waiting to get on the BIG computer;

Freedom from translating your problems into
foreign computer languages;

Freedom from starvation-level computing with
under-developed calculators;

Freedom from the drudgery of manual computation.

The new hp 9100A puts heroic computing power
responsively at your fingertips. ..
for the unheroic, one-time-cost of $4900.
Fast core memory delivers answers
to log, trig and other keystroke functions in milliseconds.
And...in seconds you get answers to more complex computations wiair = wmeorary | Dynamic range 10-** to
such as roots of a fifth degree polyromial ... sustuns oy scomuael 10%°, nearly 200 dec-
il B Rl f i . Observation of

Fourier analysis. . .elliptic integrals...Fresnel integrals... . ades ¢

1 e | | - luati math operations on 3 displayed registers.
[Ed a.n complex polynomia e\{a uation. °) Up to 16 more registers for data storage.
coordinate geometry... regression analysis. ..
three dimensional vectors... numerical integration
and many, many, more!
This major computing capability is compressed into o) Complex and vector arithmetic
one 40 pound package. simplified with coordinate trans-

) . formation keys, rectangular-to-
Its only moving parts are the keys, the switches polar and vice-versa, in milliseconds.

and one decimal wheel.
No noise!

The 9100A is being delivered now
along with an extensive —and growing — program library
that puts you in control.

Trig functions covering all quad
Examine the keyboard. Question every key and switch. rants and any size angle in
Then join the participators! degrees or radians.
A telephone call or purchase order directed to any
Hewlett-Packard sales and service office
(located in principal cities throughout the world)
will start your liberation from the tyranny and
tradition of too BIG, too slow and too weak.
If you are still skeptical or of faint heart,
ask for a demonstration.
It will affirm, assure
and delay — but only slightly
—your entry into the solid-state
of personal computing freedom. Hurry.
Being a leader has its advantages.
Hewlett-Packard, P.O. Box 301,
Loveland, Colorado 80537.
Europe: 54 Route des Acacias,
Geneva.

9100A puts answers just a touch away!

HEWLETT @E PACKARD o
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@ Up to 196 program steps, each

a simple key stroke. “IF” keys
permit looping and branching
flexibility found only on large computers.

e Edit programs easily. Single-step
through programs to check and
de-bug. Address an individual
step and make corrections without re-

entering the entire program.

Program from the keyboard.
Record and store programs on
credit-card-size magnetic cards
for repeated use.

Designed for expansion. Printer,
plotter, electrical data input/
output will become available.



“Four to six weeks
for power supply

delivery?
- Forget it!

Acopian will ship
any of their
62,000 different

. AC to DC plug-in
power supplies
in just 3 days!”

1]

| This catalog lists

| 62,000 models of
AC to DC plug-in

| power supplies

| available for ship-

| ment in just three

| days. Choose the
exact outputs you
need. Singles or

| duals, regulated

| or unreguiated.
Write or phone for

| your free copy.

|
|
|
|
|
| Name I
| Title ‘
I Company {
I City :
| State Zip |
| : |
I HAecapizn |
| Acopian Corp., Easton, Penna. 18042 '
I Phone: (215) 258-5441 !

14 Circle 14 on reader service card

Who's who in electronics

“Demand for small general-purpose
computers is simply outstripping
the industry’s ability to fulfill it,”
according to Edson D. de Castro,
who’s generally recognized as the
father of such computers.

The company de Castro and two
other former Digital Equipment
Corp. officials formed to make help
meet this demand has already pro-
duced a new breed of small ma-
chine, the Nova (see *“Third-gen-
eration small computer to make its
debut in December,” page 147).

Now, as president of the new
firm, Data General Corp. in Hud-
son, Mass. [Electronics, Sept. 16,
p. 34], de Castro will be competing

pany’s profits. And though the
Nova will compete aggressively
with the various PDP-8’s, the three
men expect a fast-expanding mar-
ket to provide room for both firms.

The Nova has more achitectural
characteristics in common with an
IBM 360 than with a PDP-8, says
de Castro. “And we're taking more
advantage of large integrated-cir-
cuit arrays than other builders of
small general-purpose computers.”
Adds Sogge, “We'll use anything
we don’t have to buy on a purely
custom basis.”

The firm also stresses logic at
the expense of hardware in an at-
tempt to cut parts costs. This com-

Burkhardt de Castro

with his past. He left DEC as head
of small-computer design, having
created since 1962 the PDP-5, PDP-8,
PDP-8I, and PDP-8S.

His cofounders and vice presi-
dents at Data General are Henry
Burkhardt, who was head of small-
computer applications programing
at DEC, and Richard G. Sogge,
head of memory and circuit devel-
opment.

Lebensraum. When the three left
last April, the PDP-§ series ac-
counted for the lion’s share of
DEC’s unit volume and, it is said,
for as much as half of the com-

Richman

Sogge

bination of high power and low
price is expected to spur quick sales
to original-equipment manufactur-
ers. According to Data General’s
director of marketing, Allen Z.
Kluchman, also a former DEC em-
ployee, a 16-bit Nova with four
kilobits of memory will sell for
$8,000—but an order for 200 Novas
will give OEM’s a 40% discount, to
$4,800.

Burkhardt says Data General’s
software package will also be aimed
at the OEM’s, Burkhardt, who wrote
all DEC’s pulse-height-analysis pro-
grams, as well as its typesetting
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DC to 40 MHz in Seven Inches!
90 db Clean.

Up above, you see just one member of Fluke's ex- Brief Specifications
citing new family of frequency synthesizers. Model

644 covers DC to 40 MHz. Model 633 covers DC to e - - =
Frequency DC - 40 MHz DC - 11 MHz DC - 2 MHz
11 MHz. Modgl 622 covers DC t.o 2 MHz range. . Range 0.1 hz Steds d1hiz Staps 0.1 bz At
All three qmts feature exceptlonglly onv spurious Non-Harmonic At least90 DB —90 DB to 5.5 MHz
content, high signal to phase noise ratio, modern Spurious Below the —80 DB to 6.5 MHz  —90 DB
. A s e q q q o Fundamental —60 DB to 11 MHz
packaging in minimum panel height, in-line, in- E ‘ T
as
plane frequency readout and fast remote program- e Bolow the _3508 _3508
ming to give you synthesizers with the right figure Fundamental
of merit. Internal 1 part in 10 to the 8th per day stability
3 d Standard Higher stabilities optional
Want a demonstration? Your full service Fluke e 97er S8 P
] q Size 7" high, 17" wide, 23" deep
sales engineer will be glad to arrange a demonstra- Mounting ears fit standard 19" rack
tion of any or all of these high performance new Power 100/115/200/230 VAC plus or minus 10%

50 - 400 Hz 75 watts max.
Price $10,490 $7,090 $6,490

FLUKE

Circle 15 on reader service card

synthesizers. Or write or call us here at the factory
for more information.

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850. In Europe,
address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Telex: 844-50237. In the U.K., address
Fluke International Corp., P.O. Box 102, Watford Herts, England, Telex: 851 934-583.




if you’re using
any other

miniature fan
in your equipment,
you're getting

less efficient cooling...

and paying more dollars to do it!

THE NEW ALL-METAL MODEL 8500 IS...
THE QUIETEST...

(Unmatched low noise level of 28.8 dB SIL.)

THE MOST COMPACT...

(%'’ thinner than conventional 3’ fans. Standard
mounting dimensions for EIA 3%’ rack panels.)

THE MOST EFFICIENT...

(Delivers 45 cfm at zero static pressure. .. up to 50%
more air than other 34’ fans.)

31/g” FAN YOU CAN GET YOUR HANDS ON

(Immediate delivery through leading electronic distributors
or directly from factory stock.)

IF THIS SEEMS TOO GOOD TO BE TRUE,
FILL IN THE COUPON AND WE'LL MAKE YOU A BELIEVER!
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OK, so prove to me that the new Model 8500 offers better per- 1
formance at a lower cost than any other 3" fan. i
(] Have sales representative call (] Send me complete data :
B el O e L T 11,3 RARSRSIRY. 888 0o o0 000000 :
COMPANY . e eevveeeeeneanuneeeeenaneeeeensnnnes PhOne. ....ovvvvvrvnnnns Ext.......... =
ATHABESEY - o - o o o o TR « o o5l sermt 44 g0000006000500 00 Statelr. .. (5555000 1
|
i
|
|

W;ﬁfro Rl INC.

312 Seventh Street, San Francisco, Cal. 94103 |
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Who's who in electronics

software, estimates that 150 to 200
of DEC’s typesetting computers are
now in the field. With his experi-
ence in these and other applica-
tions, Burkhardt says he has a feel
for new OEM applications that have
yet to surface. In fact, he says some
of the Nova’s powerful multiaccum-
ulator architecture was developed
with such new applications in
mind.

Basic scheme. The hardware in
Nova was largely selected by
Sogge, who is said to have picked
all DEC’s IC’s. Sogge also played a
key role in developing the special
core memories for DEC computers.
He had worked for Raytheon, where
he developed the basic scheme used
in the read-only memory of the
Apollo guidance and navigation
computer, as well as one of the first
IC sense amplifiers. Nova makes
heavy use of very similar read-only
memories.

Heading the sales effort, with the
title of vice president, will be the
outlander among the founding four.
Herbert J. Richman came not from
DEC but from Fairchild Semicon-
ductor, where he was Eastern sales
manager. Fairchild will supply
transistor-transistor logic IC’s for
most of Data General’s output; Sig-
netics is to be the second source
for the circuits.

And, unlike many new ventures,
Data General plans to buy vast
numbers of parts almost from the
outset. Next year, the company is
planning to build at least 200
Novas—possibly more—according to
Kluchman.

Anything but undercapitalized,
the company has leased a 15-acre
site in Southboro, Mass., and is
readying a 10,000-square-foot-plant
it hopes to move into before Christ-
mas.

The money to make such a fast
start possible has come from a
group of about 15 investors, (de
Castro & Co. retain control), many
of whom are in the electronics in-
dustry. Running financial interfer-
ence with Wall Street and with in-
dustry personalities was Richman’s
job, and, judging by de Castro’s
smile when he mentions the till,
Richman succeeded.
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The Heinemann Series JA
circuit breaker

Legend has it that the equipment that
wears one is forever safe from harm. (Al-
though our claims for it are considerably
more modest.)

We do believe, however, that a bouquet
of color-coded JA’s on your equipment
panel will give you a distinct feeling of
well-being.

For one thing, those bright JA color caps
make your panel look better. (They also
make faults easier to find and correct.)
There are nine happy colors to choose
from.

For another, you have all the advantages

of Heinemann'’s kind of hydraulic-magnetic
protection working for you.

What advantages?

Ultra-precise current ratings, from 0.020
to 30 amps, in fractional increments. Ab-
solutely temperature-stable current ratings
and trip-points. Job-matched overload re-
sponse curves. Special function internal
circuits like relay-trip, auxiliary-switch, and
so forth. Multipole models for multiple pro-
tection requirements.

And a five-year warranty.

We think maybe the warranty was the
beginning of the legend.

For more information on our colorful
JA breakers, write for Bulletin 3350,
Heinemann Electric Company, 2700 Bruns-
wick Pike, Trenton, N. J. 08602,

4056 l
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7 digit Universal Counter 5995
30-day celvery 2 year warranty

0 to 20 MHz

Integrated circuits

10 mv sensitivity

2 input amplifiers

Pushbutton controls

100 xsec minimum display time
Simplified programming
8-digit readout (optional)

How come such a whale of a buy for a true
universal counter? Because of its superb design! Roundabout

circuitry has been simplified, interconnections reduced, and logic minimized.

Also, normally unused extras have been made available as options. Model 300 shows

the conceptual, design, and manufacturing skill you'll get used to expecting from Time Systems.
Circle the reader service card, write or telephone for complete specs.

New Computing Counter
measures very low frequeneies
with 7 digit resolution #1995

7-digit resolution
0.1 Hz to 20 MHz
Autoranging
Autofiltering*
Autoreset

10 mv sensitivity
Pre-set trigger level

Why is this counter like no other? Because it gives
you direct frequency reading as low as 0.1000000 Hz! Never
again wilt you need to read period and convert to frequency. Our unique,

low-cost digital computing circuit does it for you. Makes period reading obsolete,

doesn't it? Model 210 is another in a new class of computing counters from Time Systems.
Circle the reader service card, write or phone for complete data.

* patent pending
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Execlusive new lite needl¢
adds fastglance analog readout
to digital panel meters

MODEL 700

Lite needle

Autopolarity

0.1% accuracy (10 to 40° C)
>1000 megohms/volt

100 wv resolution

What makes these panel meters
unique? Time Systems’ exclusive
lite needle simulates the left-to-right
action of an ardinary deflection

type meter. You get simulated
analog readout for quick-look trend
information, plus digital readout for
high accuracy. Complete voltage
and current ranges are available.
Stack them in banks — ask for
quantity discounts. For complete
information, check the reader
service card, write or telephone.

* patent pending

TE TIME SYSTEMS CORP

MODEL 710

Lite needle

Autopolarity

Floating analog ground
Floating BCD output

0.1% accuracy (10 to 40° C)
>1000 megohms/volt

100 wv resolution

o ] h 2
LR

* P e

-vJy P

MODEL 700

=

21! | =
It 1 "\J/! S

SYSTEMS CORPORATI

N

265 Whisman Road ¢ Mountain View, California 94040  Telephone (415) 961-9321
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BY ARNOLD
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speed time
in new
dimensions

The *‘tick-tock” of the pendulum clock is quaint,
but passé in today’s world of precision. Modern
and inexpensive timing devices rely on permanent
magnets which won’t lose their power, hence
maintain accuracy. Clocks, timers and pinwheel
motors requiring low torque and constant speed
use rotors of Arnox 3 impregnated into a resin.
When time is a design parameter, forward-looking
manufacturers look to Arnold for high-quality
magnetic materials, design,
technology, components. Magnetic
cores. Powder cores. Laminations.
Permanent magnets. You ask. We’ll
supply. The best in magnetic materials.

Write for free gulde to the only complete line of magnetic materials.

In other areas where time is a factor you'll find Arnold magnetic
materials: soft ferrites in pushbutton phones . MPP cores in
high frequency selection or control . powdered iron cores and
toroids in electronics, radio and communication equipment , tape
cores in NC machine tools » bobbin cores in telemetering and
delayed action fuses « Supermendur “C’' cores in transformers.

ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS

The Arnold Engineering Company, Main Office: Marengo, Ill.
Branch Offices and Representatives in Principal Cities
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The more
you need from

crystal filters,
the more yuu
need Bulova!

Today's sophisticated systems call for filters
with “difficult”’ characteristics. Difficult, that
is, for everyone but Bulova! Bulova has had so
much experience with crystal filters, there's
hardly anything we don’t know about them,

Take single side-band filters, for example:
Attenuation figures alone are not enough to
adequately describe today’s military commu.
nication filters. More and more filters require
limitations on envelope time delay, while
others must follow a precise time-delay
envelope curve.

Bulova has been testing for these parameters
— providing measurements both in terms of
phase linearity and, in many cases, directly in
envelope time- delay readings. As a result,
Bulovacanengineer
and produce to the
exact measure-
ments you specify.
And at a realistic
price!

b _—
: ]

Proof:

Here are the
actual curves and
specs for just one

Bulova filter,
Model 562.
Mwassa
o *IJIUDERES £t
! n-zaur-snoamn_ L3
0~ Ly LI .

L T~ R TR T B T R TV R I T

Bandwidth (1db) 100.255 to 103.035 K¢
Bandwidth (60 db) 99.990 to 103.260 K¢
Carrier frequency — is 100 K¢

Loss at carrier — 55 db min..

Ultimate attenuation — 70 db

Max. insertion loss — 6 db

Max. ripple — 1 db max.

Operating temperature— —40° to +65°C
Impedance — 5002 (in and out)

Differential envelope time delay — 500 usec
max. over 809% of pass band

With specs like these you ¢an see why we say
— the more you need from a filter, the more
you need Bulova! Call or write Dept. E-21.

Iry Bulova first!
FREQUENCY CONTROL PRODUCTS

ELECTRONICS DIVISION
OF BULOVA WATCH COMPANY, INC.

61-20 WOODSIDE AVENUE
WOODSIDE, N.Y. 11377, (212) DE 5-6000
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Meetings

Hybrid microelectronics: still thriving

Despite the increasing importance
of monolithic integrated circuitry,
hybrid microelectronics technology
appears to have a secure hold in
the solid state world, as evidenced
by the caliber of papers that will
be presented at the third Hybrid
Microelectronics Symposium.

This year’s meeting, in Chicago
Oct. 28-30, comprises 50 papers
divided into eight sessions and will
concentrate on advances in beam-
lead techniques, stable resistor
pastes, and thin-film capacitors,
and on recent experimental work
in hybrid microwave IC’s.

In a session on component de-
sign, Roger D. Quick, of the Friden
Research Center’s technical staff,
will describe a computer-aided sys-
tem for designing hybrid circuit
masks. The program is run on an
IBM 360/30 and uses a Calcomp
plotter. Patterns are inked first on
frosted Mylar and then replotted
over the first inking to provide
enough opacity for direct photo-
graphic reduction.

Colorful. In the area of applica-
tions, five engineers from the

Zenith Radio Corp.’s research lab-
oratories will present a paper on a
hybrid thick-film chroma-demodu-
lation and color-difference amplifier
in which three circuit sections are
combined on a single 1-by-2-inch
ceramic substrate. The first section
is made up of two dual-diode color
demodulators; the second is the
color-difference amplifier. The final
section is a four-diode d-c restora-
tion circuit that clamps all three
color signals,

The amplifier consumes 9 watts.
It’s still experimental, but could
replace 50 to 65 discrete compo-
nents in a color tv set.

Other papers will cover a tech-
nique for testing circuit compo-
nents before incorporating them on
the substrate, a room-temperature
nickel metalizing process for alum-
ina ceramics, and a digital process
control system for tuning thin-film
devices designed for the RC audio
oscillator in Western Electric’s
Trimline Touch-Tone dial.

For further information write Joseph Eng-
lish, c/o Cozzens and Cudahy, 9501 W. Devon
Ave., Rosemont, IIf. 60018.

Calendar

Allerton Conference on Circuit and
System Theory, |EEE; Allerton House,
Monticello, lll., Oct. 2-4.

International Telemetering Conference,
International Foundation for
Telemetering; Ambassador Hotel,

Los Angeles, Oct. 8-11.

Symposium on Multivariable Control
Systems, International Federation of
Automatic Control; Duesseldorf,
West Germany, Oct. 7-8.

Fall Meeting of the Society of
Automotive Engineers, Commitee on
Electromagnetic Compatibility;
Cabana Motor Hotel, Atlanta, Ga.,
Oct. 8-9.

International Telemetering Conference,
Foundation for Telemetering;
Ambassador Hotel, Los Angeles,

Oct. 8-11.

Symposium on Applications of
Ferroelectrics, IEEE; Catholic University
of America, Washington, Oct. 10-11.

German Society for Medical and
Biological Electronics, Munich,
Oct. 10-11.

Conference on Analytical Chemistry in
Nuclear Technology; Mountain View
Hotel, Gatlinburg, Tenn., Oct. 10-12.

Metallurgical Society of the American
Institute of Mining, Metallurgical, and
Petroleum Engineers; Detroit,

Oct. 13-17.

International Astronautical Congress;
Waldorf-Astoria Hotel, New York,
Oct. 13-19.

Systems Sciences & Cybernetics
Conference, IEEE; Towne House,
San Francisco, Oct. 14-15.

(Continued on page 24)
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Innovation in IC packaging panels

Let Augat provide flexibility, reliability and fast turn around time you need

You can have increased flexibility — and save time, llustrated are four methods of input-output

space and money — with Augat's unique 2-dimensional connections. These are available on virtually any size
approach of packaging IC's on a point-to-point basis. or shape panel required to fit your existing cabinets,
And regardless of the size of package, Augat can racks and drawers. Variations in contacts and

design and produce the panels and peripheral hardware materials permit unusual pricing flexibility.

to solve your most difficult packaging problem. Why wait. Call Augat for fast proposal and delivery.
In addition to standard panels, modifications can be Tel: 617/222-2202 or write

made to your specification without premium charge: for our complete IC folder. Augat, Inc., AUGAT
Standard sockets and connectors, providing excellent 30 Perry Ave., Attleboro, Mass. 02703. INC
lead retention, low contact resistance, and long

life reliability are used on all panels.
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wise,
printed
circuit board
foolish -

Our printed circuits often appear to cost a bit more. But when quality counts
and your final assembly costs are checked, the cost turns into savings. WHY?
These parameters tell the story: dimensional stability, solderability, shelf
life, repeatability, reliability, and assurance from the largest printed circuit
supplier in the world that your requirements have been maintained.

Consider the other savings. Inspection time saved. MRB time saved. Eatra
paperwork and bookkeeping on rejects avoided. You might say it sometimes
takes a dollar to save two.

Our boards are built to pioneer the moon, explore Mars, power the finest
hi fi system, are used in computers that add to our very existence. We've
had to build some of our own machinery and develop special processes in
order to give you this kind of reliability. Is it the kind you're looking for?
Write us, visit us, we'll meet your exact needs.

CINCH-GRAPHIK

DIVISION O F UNITED-CARR

FSEd 200 South Turnbuil Canyon Road, City of Industry (Los Angeles), Cahit 91744 - Phone (213) ED 3-1201 Sales
" e offices in 33 principal cities througnout the United States, Great Britain, Canada, Australia and West Germany.
MEMBER

CONSISTING OF CINCH MANUFACTURING COMPANY, CISCH-GRAPHIK, CINCH-MONADNOCK, CINCH-NULINE, UCINITE (ELECTRONICS) ANG PLAXIAL CABLE DEPT,
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Meetings

(Continued from p. 22)

Symposium on Switching and Automata
Theory, IEEE; Schenectady, N.Y.,
Oct. 15-18.

Symposium of Reliability in Electronics,
Hungarian Academy of Sciences;
Budapest, Oct. 15-18.

Conference on Electrical Insulation and
Dielectric Phenomena, National
Academy of Sciences—~National
Research Council; The Inn, Buck Hill
Falls, Pa., Oct. 20-23.

Meeting and Technical Display,
American Institute of Aeronautics and
Astronautics; Philadelphia Civic Center,
Philadelphia, Oct. 21-25.

Shock and Vibration Symposium, Naval
Research Laboratory; Asilomar
Conference Grounds, Pacific Grove,
Calif., Oct. 22-24,

International Electron Devices Meeting,
IEEE; Sheraton Park Hotel, Washington,
Oct. 23-25,

Nuclear Science Symposium, IEEE and
United States Atomic Energy
Commission and Atomic Energy
Commission of Canada; Bonaventure
Hotel, Montreal, Canada, Oct. 23-25.

Seminar in Depth—Image Information
Recovery, Society of Photo-Optical
Instrumentation Engineers; Benjamin
Franklin Hotel, Philadelphia, Oct. 24-25.

Instrument Automation Conference and
Exhibition, Instrument Society of
America, Hilton Hotel; New York
Coliseum, N.Y., Oct. 28-31.

Machine Tools Industry Technical
Conference, IEEE; Wagon Wheel Lodge,
Rockford, Ill., Oct. 28-30.

Applied Superconductivity Conference
and Exhibition, Oak Ridge National
Laboratory; IEEE and American Physical
Society, Gatlinburg, Tenn., Oct. 28-30.

Symposium of the American Vacuum
Society; Pittsburgh Hilton Hotel,
Oct. 30-Nov. 1.

Product Assurance Conference and
Technical Exhibit on Reliability,
Standard Maintainability and
Parts-Materials Packaging, |IEEE &
Standards Engineers Society;
Waldorf-Astoria Hotel, New York,
Nov. 2-3

American Institute of Ultrasonics In
Medicine; Monteleone Hotel,
New Orleans, Nov. 4-7.

West Coast Conference on
Broadcasting, IEEE; Ambassador Hotel,
Los Angeles, Nov. 6-8.

(Continued on p. 26)
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At .0008" Dia.

The tungsten carbide capillary tip and its complete family
of accessories for thermal compression nailhead bonding
was created and introduced by Tempress in 1963. ... Only
from this pioneering source can you purchase the entire
system, designed from the beginning to give maximum
efficiency: tungsten carbide capillary tip, heated shank

. there is no second source

phire orifice insert. Tempress also created and supplied
the tungsten carbide ultrasonic bonding tool and pioneered
its technology. . . . When you purchase Tempress miniature
assembly tools and production equipment, you tap the ulti-
mate source of high precision ...the Tempress Standard of
Excellence. In fields demanding high precision,such as semi-

and power supply that provides constant capillary
temperature from 0° to 350°C, testing pyrometer
for the tungsten carbide tip, capillary unplugging
fixture and punches, and flame-off torch with sap-

conductor manufacturing, there is no second source.

TEMPRESS

Tempress Research Co., 566 San XavierAve., Sunnyvale, Calif. 94086
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digital to
resolver/synchro
converters...here’s
the next generation!

North Atlantic now brings you a new generation of solid-state digital-to-analog
converters. They offer major advances in resolver/synchro conversion accuracy
along with drift-free and stable performance unobtainable with currently available
resistor/amplifier devices.

Typical of these new instruments are the Model 536 D/R and Model 537 D/S
‘‘shoebox’’ converters (11-13 bit) and the Model 538 D/R-S converter (14-17 bit).
Both models use solid-state switched trigonometric transformers and feature
input data storage registers thereby saving computer time. Conversion speed
exceeds 10 microseconds. Built-in overload and short circuit protection assures
trouble-free system integration and reliable on-line performance.

Your North Atlantic representative (see EEM) has complete specifications and
application information.  He'll be glad to show you how these new converters
can be the answer to critical interface problems.

WNWORTH ATILANTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, NEW YORK 11803 ¢« 516 —681-8600

®
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Meetings

(Continued from p. 24)

Northeast Electronics Research and
Engineering Meeting (NEREM), IEEE;
Sheraton Boston Hotel, Boston,

Nov. 6-8.

Applied Superconductivity Conference
and Exhibition, Atomic Energy
Commission and University of Texas;
Nov. 6-8.

Reliability Physics Symposium, |IEEE;
Statler Hilton Hotel,
Los Angeles, Nov. 6-8.

Conference on Speech Communication
and Processing, |IEEE;

Massachusetts Institute of Technology,
Cambridge, Mass., Nov. 6-8.

Sympaosium on Automatic Support
Systems for Advanced Maintainability,
IEEE; Colony Motor Hotel,

Clayton Mo., Nov. 7-S.

Engineering in Medicine and Biology
Conference, IEEE; Statler Hilton Hotel,
Boston, Nov. 13-16.

Short courses

Systems Engineering, Georgia Institute
of Technology, Atlanta, Oct. 24-25;
no fee.

Low-Frequency Standards, Department
of Commerce, National Bureau of
Standards, Washington, Dec. 11-13;
$90 fee.

Process Control, University of
Wisconsin’s Department of Engineering,
Madison, Dec. 13-15; $70 fee.

Call for papers

International Congress of Instrumenta-
tion in Aerospace Simulation Facilities,
IEEE; Polytechnic Institute of Brooklyn
Graduate Center, Farmingdale, N.Y.,
May 5-8. Nov. 13 is deadline for sub-
mission of synopses to Cary R. Spitzer,
MS-236, NASA Langley Research Cen-
ter, Hampton, Va. 23365

International Solid State Circuits Con-
ference, IEEE; Philadelphia, Feb. 19-21.
Oct. 18 is deadline for submission of
abstracts to J.H. Wuorinen, Bell Tele-
phone Laboratories, Murray Hill, N.J.
07971

Nuclear Electronics Symposium, [EEE;
Ispra, Italy, May 6-8, Jan. 10 is dead-
line for submission of abstracts to Prof.
Luciano Stanchi, C.C.R. Euratom,
21020, Ispra, ltaly
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control relays
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A-B control relays feature a solenoid
design having but a single moving part.
This design simplicity assures many
milhons of trouble free operations. The
pressure molded coils are impervious
to corrosive atmospheres. A wide va-
riety of relays available for 300-voit or
600-volt a c. operation.

dry reed devices

The individual contacts in A-B dry reed
switching units are hermetically sealed
within an inert gas-filled glass tube.
Contactcontamination can never occur.
They are good for hundreds of millions
of faultless operations. Electrically held
relays, latching relays, shift registers,
flip-flops, logic units, and accessories
are available.

control stations

This broad line includes standard duty,
heavy duty, and heavy duty oiltight
stations. A-B standard duty stations
are so designed as to cut wiring time in
half. Selector switches can be changed
from two to three positions—or vice
versa—in seconds. Heavy duty stations
are for the toughest jobs. A large
variety of contact variations. Also spe-
cial purpose enclosures. Oiltight sta-
tions are really oiltight.

terminal blocks

Both the Style C, 600-volt, and Style F,
300-velt terminal blocks mount on the
same channel. Meet needs for both in-
dustrial and electronic control. Avai'able
in time-saving factory assembled 6-foot
lengths. Just count off the number of

w2 i Bh

blocks required and *'snap off’’ such
section. Channel breaks cleanly—sawing
and filing are unnecessary. A variety
of terminals are available for han-
dling wire up to Size 1/0, plus fuse
blocks and switches.

limit switches :

There's virtually no limit switch prob-
lem that cannot be solved with the
A-B line. There are units with slow ac-
tion or snap action; contacts with light,
standard, and heavy duty ratings in a
wide variety of contact arrangements.
Can be supplied with many different
actuating means, and mountings, in-
cluding plug-in. Environmental condi-
tions offer no problems, because there
are units for general purpose, indus-
trial, moist, and hazardous applica-
tions. This line of Allen-Bradley limit
switches is complete.

5]

There’s almost an endless number of pilot controls in the
Allen-Bradley line. All built to deliver long, trouble free life.
All A-B contacts are of silver or silver alloy—they never need
a moment’s service attention. Let us send you our Handy

AB

167M-3
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Catalog—182 pages of answers to your control problems.
Allen-Bradley Co., 1201 8. Second St., Milwaukee, Wis.
53204. Export Office: 630 Third Ave., New York, N. Y.,
U.S.A. 10017. In Canada: Allen-Bradley Canada Limited.

ALLEN-BRADLEY

QUALITY MOTOR CONTROL
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General Electric has 1844 ~

application-designed solutions

General Electric’s application-designed capac-
itors are made to solve your problems. Whether
you need aluminum, tantalum, or film units, GE
has the right answer.

Circuit design problems? Many General Elec-
tric capacitors are designed by computer to
optimize their electrical and mechanical char-
acteristics. You get the highest capacitance
in the least volume with electrical properties
consistent to your own circuit designs. For
example, if you know your installed capaci-
tance requirements in a new power supply,
our computers can quickly tell you the best
capacitor combination and its electrical char-
acteristics in your circuit.

Product application problems? General Elec-
tric has experienced capacitor application en-

GENERAL @D ELECTRIC

Aluminum High-performance

Computer-grade Capacitors

236 standard ratings. 5 to 450 volts,
75 to 480,000 pf, —40

to 85C ambient temperature

gineers in Electronic Components Sales Offices
throughout the country. These technical spe-
cialists are ready to help you select the capac-
itors you need and to provide specialized
information about them.

Ordering or delivery problems? Your local
Electronic Components Sales Office will be
glad to furnish you price and delivery data for
General Electric capacitors. We also have
stocking distributors who can meet many of
your immediate requirements for limited quan-
tities of standard units.

You supply the capacitor problems. General
Electric can supply 1844 application-designed
solutions. Contact your local sales office, fran-
chised distributor or Capacitor Department,
Irmo, South Carolina 29063. 4032

IEAS
LTRON
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Aluminum A-c Motor Start Capacitors
123 standard ratings. 110 to
330 volts a-c, 21 to 850 uf,
—20 to 65C ambient temperature
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Cimron’s environmental

O
IXERRR R4S §

Ve —

multimeter is a pretty insensitive brute

To abuse, that is! Not that we actually took a
club to it, but no ordinary multimeter could take
the punishment it has and still run, let alone pro-
vide accurate measurements. Built to meet Mil
Spec T-21200F, Class 3. this instrument is rugged
enough to give you lab precision anywhere from
the arctic to the jungle. And it’s the second gen-
eration design. Over 300 first generation models
are now in use in harsh environments around the
world. Certified test data show it has an accuracy

DIGITAIL

—

VOLT~-~-RATIOMETER
- s -

of .001% ES. +.005% of reading, can take a 15g shock,
vibration up to 55 Hz, and run through extremes
of temperature and humidity. 6 digits, including
10% overrange. Solid state logic tracks as fast as
the voltage changes; response time is faster than
100 milliseconds. And with it goes all of Cimron’s
customer concern — the technical support that
helps you get all the performance it can give. For
details on Model E4600, write to Cimron®, Dept.
B-123, 1152 Morena, San Diego, California 92110.

i)

CIMRON DIVISION

LEAR SIEGLER. INC.

o
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Editorial comment

International outlook

Less than a decade ago Hewlett-Packard, with
some trepidation, decided to enter the European
market. Today the company’s overseas sales alone
are 1.5 times its total sales at the time of that sig-
nificant decision. In spite of the success of com-
panics like Hewlett-Packard in the international
marketplace, none has been able to write a sure
formula for success. Most firms that started early
learned the hard way; many of them, with the
benefit of hindsight, would attack the task differ-
ently.

Several paths are open to the company with
ambitions to crack the international market. It can
establish its own sales force as did Hewlett-Pack-
ard, which originally felt that local representatives
were not capable of handling its products. Alter-
nately it can use representatives, or establish li-
censees to manufacture and distribute its products,
or set up its own plants abroad.

Each approach has its attendant hazards. For
one thing, it’s not easy for any firm to develop a
competent sales staff. With the difficulties of sell-
ing abroad compounded by thriving nationalism,
most businessmen agree that the best sales engi-
neer will be a national. Hewlett-Packard has been
recruiting good foreign engineers while they’re still
attending school in the U.S,, training them and then
sending them back to their native countries to use
the American sales techniques best suited to the
individual market.

Companies that elect to go the sales representa-
tive route are advised by the veterans to do so on
a country-by-country basis with each rep or group
of reps covering its own country only. Not sur-
prisingly, representatives have much in common
the world over. It makes good sense—in Boston
or in Bonn—that salesmen will do a better job if
they visit the headquarters manufacturing plant
periodically and study the competition carefully.

Pierre Simon, who heads his own U.S.-based ex-
port sales organization, asserts that high-quality
technical support is a must for the successful use
of electronics representatives in Europe. He sug-
gests publishing promotional technical literature
in the native language, although detailed technical
manuals and data sheets can be in English.

The case for a U.S. finn licensing an overseas
manufacturer to produce its wares hinges on the
possibility of establishing the product simultane-
ously here and abroad—or even getting it started
overseas well before it’s under way in the U.S. One
licensee is probably adequate for all Europe ex-
cepting for defense products that are sold to local
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governments. Advice from the experts in choosing
a licensee includes picking one your own size. Too
big a firm may take on a line mainly to supply its
in-house needs. Since American techniques are way
ahead of the rest of the world a licensee should be
“technically savvy and catch on fast,” Simon cau-
tions. Another warning: Europeans are behind in
the art of subcontracting so the firm chosen should
not be too small to produce the product itself.

There’s a temptation for a U.S. firm to produce
a small part of its output overseas—in France, say,
to impart a “French image” to its entire line. For
some, the strategy has worked, and it’s almost
mandatory if one expects to sell to local govern-
ments. Ironically, those companies that began
manufacturing overseas to exploit low-cost labor
may have a head start as local markets for their
products begin to develop.

One point is universally agreed upon by the
experts: the international electronics market is vir-
tually untapped, and there are ways of developing
it that can benefit manufacturer and customer alike.

The best salesman

American electronics firms that have built plants
in Europe or the Far East tend to feel self-con-
scious when the subject of low labor rates comes
up. Even though most will admit that it was the
threat posed by Japan’s labor market that first sent
them abroad, they are likely to react by sprinkling
the conversation with euphemistic generalities—
“competing on an international basis,” for example.

But Americans needn’t be defensive. We tend
to discount the free or largely subsidized lunches
provided by U.S. firms to their workers overseas
as simple fringe benefits—the kind taken for
granted in a country with the highest standard of
living. Yet without them, workers in the less afflu-
ent countries would subsist on a scanty diet or
miss meals completely. We forget that teenage
girls in underdeveloped countries would be work-
ing in the fields or even hauling fishing nets if
they were not doing light assembly work in pleasant
surroundings. The flow of U.S. technology to “off
shore” enterprises represents a modern industrial
revolution—but without the sweatshops of Samuel
Gomper’s time.

Even the cynic would agree that economic suc-
cess breeds corporate altruism if only because it
provides an advantageous position to protect. In
fact, economic success moves events in the direc-
tion of synergism rather than exploitation.

American productivity abroad could be the best
salesman yet for democracy and the free enterprise
system. By setting an example for underdeveloped
countries it could encourage them to bootstrap
themselves to a higher standard of living.
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a leading memory system manufacturer an
some pleasant memories of an expansion

Ferroxcube Corporation of America is the
nation’s leading independent manufacturer
of ferrite recording devices and memory sys-
tems for data processing equipment.

On January 3, 1966, less than three weeks
after the decision to make its first expansion
outside New York State, Ferroxcube was in
operation in a 26,000 square foot plant in
Denver Technological S%enter. Ferroxcube
has since purchased this plant and acquired
additional acreage for major expansion in
the near future.

Because its overall experience was so fa-
vorable, Ferroxcube made the Denver plant
a full division, with autonomous operations
for production, product development, ap-
plications engineering, sales, and customer
service.

Here’s what Ferroxcube found in Denver :
John J. Doherty, Vice President and Gen-
eral Manager: ‘‘People are the most impor-
tant thing in our business. We didn't want
location to be a detriment to finding them, so
we looked for an ideal place to live. Denver

impressed us as one of the better places in
the country. Qur history to date has veri-
fied this.”

Robert C. Derschang, Vice President of
Marketing: “Communications and trans-
portation that are fast, convenient and
economical are sales essentials. Denver
transportation is quick to every part of the
country, and we’re central and accessible to
customers in any direction.”

Hugh DeVries, Chief Engineer: ‘‘Denver
has first-rank universities and a great deal of
science-based industry. Consequently, there
is a broad scientific community which re-
sults in excellent vendor service. It also
means a good pipe-line for ideas, and a con-
siderable reservoir to draw on for either
trained manpower or consulting talent.”

Lowell H. Mau, Manager of Industrial
Relations: “Our success in transferring 20
key personnel was 1009,. We provided a
pre-transfer trip for the families, and the
community won them over.”

This is Ferroxcube’s experience in Denver.

Circle 32 on reader service card

It’s part of the experience of other indus-
try leaders who have moved here, too: IBM,
Honeywell, Ampex, Amphenol, Litton,
Dahlstrom, Martin, Beech Aircraft, Ball
Brothers Research, Bendix.

It’s the reason why firms that began here
have become industry leaders: Gates Rub-
ber, Samsonite, Coors, C. A. Norgren, Ideal
Cement.

SEND TODAY —1If you're interested in a
new plant site, research facility, adminis-
trative headquarters or distribution center,
ask for this new brochure which gives you
a broad review of Metro Denver and
Colorado’s Front Range of Science and
Technology. All inquiries confidential. Write
Manager, For-

ward MetroDen-
ver, Dept. 223,
1301 Welton St.,
Denver, Colo.,
80204.Telephone
(303) 534-3211.
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Prototype tests
MOS, bipolar LSI
50 times faster

BARTD stalled
for lack of cash

Small computer
from Motorola

RCA unit quits
a Tacfire contract

Electronics Newsletter

September 30, 1968

A tester for MOS and bipolar large-scale integrated circuits that's 1,000
times faster than present systems is being developed for in-house use by
Motorola Semiconductor Products. The division plans to use a prototype
of its EC-34 before the year is out.

The unit will accommodate 60 pins at first, but will ultimately do
functional (go/no-go) tests on packages with up to 120 pins in 8 micro-
seconds per functional pattern. While it’s making these checks—driving
all inputs and sensing all outputs simultaneously—it can also measure a-c
parameters, because output strobing can be delayed to a resolution of
2 nanoseconds for up to 8 psec. Other testing gear generally can’t do a-c
and functional tests simultaneously.

The high speed is attained by using programable pulse generators
instead of the usual relay matrixes, most of which run at 5 to 8 milli-
seconds, limiting testing speed. The EC-34 can measure a parameter in
96 usec; most available machines take about 5 milliseconds.

Motorola developed its own computer for the tester, using a memory
with 8,192 words of 24 bits each and 2-usec cycle time.

The Bay Area Rapid Transit District (BARTD) is once more in distress.
Inflation has increased the cost of San Francisco’s billion-dollar auto-
matic high-speed train system by $144 million and the California State
Legislature adjourned without agreeing on how to raise the money;
BARTD will let no new contracts until it does. The BARTD leadership
has made it clear that without the additional $144 million, no trains will
run.
Contracts for the automatic control and communications system and
the automatic fare-collection system have already been let to Westing-
house Electric and IBM, respectively.

Motorola is the latest to join the growing parade of firms entering the
small computer business. At the Fall Joint Computer Conference, Dec. 9
to 11, the company’s Instrumentation and Control division will introduce
its MDP-1000, developed to replace the Varian 620A and the 6201
machines Motorola formerly used in process-control systems. The divi-
sion explains that it doesn’t need the 1,000 i/o channels typical of the
Varian machines; the MDP-1000 may have as few as 50 to 100 digital
input-output channels and 20 to 80 analog. The processor has been
included in at least two process-control systems sold so far. A version of
the MDP-1000 with 4,096 words of memory will cost about $8,500, not
including a teletypewriter.

The Data Systems division of Litton Industries will develop and build
the data terminals for the Army Tactical Fire Direction System (Tacfire)
because a Litton team member in the contract-definition phase—RCA’s
Defense Electronic Products division—balked at the task. RCA made its
decision after learning Litton’s terms in limiting its liability in major
subcontracts. The Litton division is prime contractor for Tacfire [Elec-
tronics, March 4, p. 171] in a total-package procurement.

In negotiating with potential subcontractors, Litton protected itself
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Control Data plans
two new machines

GE gives Haanstra
avice presidency

Stretchout likely
for A-7D Corsair

Electronics Newsletter

by passing on liability limitations similar to those the Army imposed on
Litton. A Litton official used this hypothetical example to illustrate the
problem:

In letting a 10-month, $1-million subcontract, Litton may have nego-
tiated so that it would be liable for $600,000 after six months if the pro-
gram were canceled—a very remote possibility, but one that must be
considered. RCA contested the terms, and passed up the multimillion-
dollar subcontract for the terminals, which process long-line and radio
data to be fed to Tacfire computers.

Control Data is quietly readying two new computers: one for nuclear
research and the other for airborne systems. In November, CDC will
deliver its first model 7600 to the Atomic Energy Commission’s Lawrence
Radiation Laboratories. This will be in addition to Lawrence’s CDC
6600, now the world’s most powerful. The 7600 was once known as the
6800; the model number was changed because 6800 suggested that the
machine was a bigger and better 6600. The 7600 is indeed more powerful,
but it’s an entirely different machine. However, the 7600 will run most
programs written for the 6600.

Unlike most machines of its general size and speed, the 7600 is built
entirely from discrete components. This implies that the machine has an
extensive set of instructions and some unusual algorithms—processes to
execute instruction—to perform well with discretes. Seymour Cray, one
of CDC’s founders and designer of most of the company’s large com-
puters over the past 10 years, is said to distrust IC’s, believing that they
haven’t quite reached the level of reliability and cost he wants in his
machines.

Cray to the contrary, CDC does use medium-scale integration in its
new digital airborne computer, scheduled to be completed by the first of
the year. Although reluctant to talk, company executives are obviously
excited about the computer. One CDC executive said it “makes every
other one obsolete.” This presumably includes IBM’s 4 Pi computer.

The airborne computer, like the 7600, owes its increased capability to
an improved instruction set, which reduces problems of speed and mem-
ory. The machine, using four or five types of circuits of 50 to 70 gates,
is being developed with company funds for aerospace applications.

John W. Haanstra, who only last spring was named general manager of
General Electric’s Information Systems Equipment division [Electronics,
April 29, p. 38], is making his weight felt in the company. In a move
that GE said reflected its increased emphasis on computer operations,
Haanstra was appointed a corporate vice president. Previously he was a
top executive at IBM. As vice president, Haanstra will continue his
responsibilities in overseeing all GE’s domestic computer manufacturing
and marketing activities.

There’s a strong possibility that the Air Force’s A-7D Corsair 2 program
will be stretched out. First deliveries on the initial 300-plane order were
due to start next year. The speculation now is that any stretchout would
be an initial move by the Air Force to cut back the program permanently.
The Air Force, not too happy with the Navy-designed aircraft, would
rather use the money to develop its own planes.
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W you can make
act and absolute
asurements

illl these

tical design areas:

JRITY. Low level AM or FM
:asily seen in the frequency-
uces sidebands around the
nter frequency. The level of
ids indicates the magnitude
. Major noise sidebands
ut 55 dB below the carrier.

NMXERS

| EFFICIENCY. Absolute
; a great convenience in
inversion loss. In this dis-
balanced mixer combines
dBm with 5 MHz at —-30
reference level of O dBm,
; at 45 MHz and 55 MHz
m, indicating a conversion
The 5 MHz leak is shown

OSCILLATORS

FREQUENCY DRIFT. This frequency do-
main display shows the drift of an oscil-
lator during warm-up. Scans are inde-
pendently triggered 5 seconds apart and
stored on the display CRT. Since the
Spectrum Analyzer's own drift is less
than 500 Hz in 10 minutes, it's also use-
ful for measuring the long-term stability
of oscillators.

HARMONIC OUTPUT. With the Spectrum
Analyzer sweeping a wide frequency
range, you can observe the harmonics
while you adjust oscillator parameters to
minimize them. Here, the frequency
scale is 10 MHz/division centered at 50
MHz, with reference level (top line) set
at 4+10 dBm. The second harmonic of
this 10 MHz signal is 45 dB down.

MODULATORS

MODULATION INDEX. Viewed in the time domain, a 2% modulation index is barely
discernible. These pictures compare 2% AM shown in the time domain (left) and
the frequency domain (right). The sidebands are 40 dB down from the carrier.
With the 70 dB dynamic range of the Spectrum Analyzer, you can measure modu-
lation levels as low as 0.06%.

That’s why this Spectrum Analyzer
belongs on every engineer’s bench

Internal graticule, vari
able persistence CRT
This 141S display also
provides storage for side-
by-side comparisons of
changing signais.

Display calibration abso-
lute in log (dB) and linear
(voltage); LOG REF line
at top establishes abso-
lute power levels.

Persistence control (0.2
second to more than a
minute) and viewing
mode selector for match
ing trace to requirements
of any signal. Gives
flicker-free trace, even on
slow sweeps.

\

SN

1 kHz to 110 MHz fre-
quency range with dial
indicator accurate to
+1 MHz

'm 1418 DISPLAY SECTION
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Focus INTENSITY PERBILTENCE

. Y -

Selects full 0-100 MHz
scan, symmetrical scan or
zero scan (analyzer then
becomes tuned receiver);
in full scan, dial pointer
generates a frequency
marker on the CRT to
identify important dis-
play points.

Nine bandwidth choices
from 50 Hz-300 kHz;
wide for fast view of total
spectrum, narrow for
highest resolution

2 kHz to 100 MHz scan
width choices, symmet
rical about dial pointer
(automatic phase lock
below 20 kHz/division
for maximum stability)

Warning light if scan too
wide or too fast for band
width selected

A view™
(R N B
’ ‘ ‘ STORE
wRITE #
ERASE

Adjusts input signal level

) | A5531. SPECTRUM ANALJZER-RF SECTION

EQUENCY BAND §IOTH 5¢C

INE TUNE or
— g . . 0100 W

L . \ N,

A 5 ' - e

. i
TUNING STaw -

Awry
. oaL
— (¢]

to prevent overdriving in
put mixer; the circuit
is logic coupled to the
LOG REF LEVEL indicator
and automatically main-
tains absolute amplitude

/cahbration.

Wide range of calibrated
scan times; slow scan for
A highest resolution, aided
urruT by variable persistence

' display.
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Signal analysis in the frequency domain is one of the most powerful
techniques available for evaluating circuit performance. It's the most
logical technique because you usually start thinking about a circuit
in terms of its frequency domain characteristics.

But up to now actual measurements in the frequency domain have
been plagued by equipment limitations. Older instruments were
either too complex or uncalibrated.

Now the HP 8552A/8553L Spectrum Analyzer lets you make meas-
urements in the frequency domain rapidly, easily and dependably.
For the first time, absolute amplitude calibration is combined with
broad sweep capabilities, high sensitivity, low distortion, wide dy-

namic range, and flat frequency response, to produce a truly general-
purpose frequency domain instrument.

The Spectrum Analyzer is invaluable, not only in basic circuit design,
but also in systems evaluation. The broad frequency range, 1 kHz
to 110 MHz, combined with absolute amplitude calibration, full 100
MHz scan, and *.5 dB flatness, is exactly suited to the evaluation
of IF amplifiers, navigation aids, telemetry and most communications
systems.

Other major advantages of this new instrument are: 70 dB dynamic
range free of distortion; sensitivity to —130 dBm (0.07 uv); 50 Hz
resolution to separate closely spaced signals; residual FM less than

20 Hz; automatic phase lock in narrow scan widths; and variable
persistence, a necessity for slow scan, high resolution display, free
from disturbing flicker.

The 8552A/8553L Spectrum Analyzer, with its broad capabilities
and general usefulness, makes the frequency domain accessible for
virtually all measurements.

HEWLETT @ PACKARD



FREQUENCY RE-
SPONSE. The broad
frequency coverage
and flat response of
the Spectrum Ana-
lyzer are ideal for
observing an ampli-
fier's performance.
This amplifier's fre-
quency response
from 2 MHz to 100
MHz was held on
the variable persis-
tence display. The
top of the trace
shows there is only
2 dB gain variation
across the range.

FREQUENCY RE-
SPONSE. With long
CRT persistence,
you can use a sig-
nal generator to
measure frequency
response of a filter
in both passband
and stop bands.
Stop band rejection
in this filter is
greater than 70 dB
throughout most of
the frequency range,
but at 90 MHz the
stop band is only 66
dB down.

AMPLIFIERS

0 ! U

HARMONIC DISTORTION. In the time domain display (left), harmonic distortions
are scarcely observed. But in the frequency domain presentation (right), harmonics
in this same amplified 10 MHz signal are readily apparent. Scan width 10 MHz per
division centered at 50 MHz. With absolute amplitude calibration, you can quanti-
tatively measure harmonic content as a function of output signal level.

FILTERS

EMI/RFI

FM TELEMETRY MODULATION. In left photo, absolute amplitude calibration of the
Spectrum Analyzer is used to set carrier and pilot output levels. Spurious IM dis-
tortion products can also be measured. In right photo, Channel 4 of the modulator
has been removed to measure the “slot” signai-to-noise ratio. All remaining channels
except the pilot are fully modulated (16 kHz peak deviation) and the residual noise
and IM products are measured. Scan width is 50 kHz/ division, centered at 250 kHz.
LOG REF LEVEL is —10 dBm.

INTERMODU -
LATION DISTOR-
TION. You can read-
ily measure distor-
tion products close
to the carrier with
the Spectrum Ana-
lyzer's 50 Hz band-
width and distortion-
free 70 dB dynamic
range. This two-tone
intermodulation test
is performed with
signals of 9.95 MHz
and 10.05 MHz.The
analyzer is set at
0.1 MHz per divi-
sion centered at 10
MHz. Third order
and even higher odd
order IM distortion
products are easily
noted.

INTERFERENCE
LIMITS. The broad
range, high sensitiv-
ity and absolute cal-
ibration make the
analyzer useful in
electromagnetic
compatibility tests.
The effectiveness of
this EMI line filter is
being evaluated.
The dark line drawn
on the CRT face is
the specification
limit. The filter has
not reduced all con-
ducted interference
to specifications.

Announcing the
newest,
easiest
and fastest
way to make
accurate
frequency
‘domain
measurements

Definitive Information

on the HP 8552A/8553L Spectrum Analyzer

RF INPUT AND TUNING CHARACTERISTICS

Frequency Range: 1 kHz to 110 MHz.

Frequency Response: +0.5 dB, 1 kHz to 110 MHz (for attenuator
settings >10 dB).

Input Impedance: 50 Q nominal. SWR <1.3 for input attenuator
settings >10 dB, <2.6 at 0 dB.

Maximum Input Level: Peak or average power to input mixer
<413 dBm (1.4 Vac peak; +0.2 Vdc).

Sensitivity: Signal Pow?r + Noise Power ) w2
Noise Power
IF Bandwidth (kHz)  Sensitivity (dBm)
1 —-120
10 -110
100 -100

Tuning Dial Accuracy: Display center frequency is within +1 MHz
of indicated dial frequency.

SCAN CHARACTERISTICS

Scan Width: 15 calibrated scan widths from 200 Hz/div to 10 MHz/
divina1, 2, 5, 10 sequence.

Scan Width Accuracy: Scan widths 10 MHz/div to 1 MHz/div and
20 kHz/div to 200 Hz/div: Frequency error between two points on
the display is less than +3% of the indicated frequency separation
between the two points. Scan widths 500 kHz/div to 50 kHz/div:
Frequency error between two points on the display is less than
+10% of the indicated frequency separation.

Scan Time: 16 rates from 0.1 ms/div to 10 s/divin a 1, 2, 5, 10
sequence, INTERNAL and SINGLE SCAN modes only.

Scan Time Accuracy: 0.1 ms/div to 20 ms/div, £10%. 50 ms/div
to 10 s/div, +20%.

Scan Mode:

INTERNAL: Analyzer repetitively scanned by internally generated
ramp; synchronization selected by SCAN TRIGGER. SCANNING
lamp indicates duration of scan.

SINGLE: Single scan actuated by front panel pushbutton. SCAN-
NING lamp indicates duration of scan.

EXTERNAL: Scan determined by 0 to 48 volt external signal; ana-
lyzer input impedance >10 k. Blanking: —1.5 V external blanking
signal required.

Scan Trigger: Required only when INTERNAL SCAN MODE se-
lected. AUTO: Scan free runs. LINE: Scan synchronized with power
line frequency. EXTERNAL: Scan synchronized with external 2-to-
20-volt signal (polarity selected by internally located switch of
Model 8552A IF Section). VIDEO: Scan internally synchronized to
envelope of RF input signal (signal amplitude of 1.5 major divisions
peak-to-peak required on display section CRT).

SPECTRAL RESOLUTION

IF Bandwidth: 3 dB bandwidths of 50, 100, 300 Hz, and 1, 3, 10, 30,
100, and 300 kHz can be selected.

IF Bandwidth Accuracy: Individual bandwidths calibrated within
+20%; 10 kHz IF bandwidth calibrated within +5%.

IF Bandwidth Selectivity: 60 dB/3 dB bandwidth ratio less than 20:1
for IF bandwidths from 1 kHz to 300 kHz.

60 dB/3 dB bandwidth ratio less than 25:1 for IF bandwidths from
50 Hz to 300 Hz.

Video Filter Bandwidth: Two post-detection bandwidths: 10 kHz
and 100 Hz.

Video Filter Bandwidth Accuracy: Individual video bandwidths cali-
brated within +20%.

AMPLITUDE CHARACTERISTICS

Vertical Display Calibration (8 divisions full scale ¢
Logarithmic: Calibrated directly in dBm over 140

—~130 dBm to +10 dBm, 10 dB/div on 0 to —70 d*
LOG REFERENCE LEVEL control provides 80 dB
steps; log reference vernier provides calibrated con
ment over 0-12 dB range. LOG REFERENCE LEVEL
reference vernier establish absolute power referenc
for CRT display.

Linear: Calibrated directly in V/div from 0.1 xV/div
in a 1, 2, 10 sequence. LINEAR SENSITIVITY and »
establish absolute voltage calibration (deflection fa
Calibrator: 30 MHz signal provided as operating sta
lute vertical calibration of display. Frequency Accul

Amplitude: —30 dBm +0.3 dB.

Vertical Display Accuracy:

LOGARITHMIi
dBm

Calibrator ...................... +0.3dB
Log Reference Level

(Linear Sensitivity) ............. +0.2dB
Log Reference Vernier

(Linear Sensitivity Vernier) ...... +0.1dB*
RF Input Attenuator Accuracy

(excluding flatness) ............ +0.2dB
Analyzer Frequency Response

(flatness) ..................... +0.5 dB
Switching between Bandwidths

(at 20°C) ..ot +0.3dB
Amplitude Stability:

100 Hz-300 kHz bandwidth ....... +0.05dB/

50 Hz bandwidth ............... +0.1dB/°
CRT Display ......cccovvnvnnnnn. +0.25dB/:

but not more than +1.5 dB ov
the full 70 dB display range.
*Vernier accuracy at 0, 6, and 12 dB; otherwise +0.25 dB (2.

SPECTRAL PURITY

Automatic Stabilization: First local oscillator autc

lized (phase-locked) to internal reference for scan

or less.

Long Term Stability (after approximately one hour
Stabilized: 100 Hz/min; 500 Hz/10 min.
Unstabilized: 5 kHz/min; 20 kHz/10 min.

Residuai FM:
Stabilized: Less than 20 Hz peak-to-peak.
Unstabilized: Less than 1 kHz peak-to-peak.

Noise Sidebands: More than 70 dB below CW signal
away from signal, with a 1 kHz IF BANDWIDTH sett

Spurious Responses: For —40 dBm signal level
image responses, out-of-band mixing responses
intermodulation distortion products, and IF feedth
all more than 70 dB below the input signal level.
Residual Responses: 200 kHz to 110 MHz: <-110
200 kHz: <—95 dBm.
Display Section: The 141S Display Section has
tence and storage. Also available is 140S Displ:
normal persistence.
Price: Model 8552A IF Section, $1,900.00.

Model 8553L RF Section, $1,800.00.

Model 140S Display Section, $725.00.

Model 141S Variable Persistence Display Se
For additional information, call your HP field en
Hewlett-Packard, Palo Alto, California 94304; Euror
Acacias, Geneva.

HEWLETT W PACKARD
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How to Use E-CELL"
Timing and Integrating
aerens Components

The Bissett-Berman Components Djvision
engineering staff answers four basic questions
often asked about E-CELL" devices

Somnaining really

1. What is an E-CELL device? 3. When should | consider

An E-CELL device is a new kind of using an E-CELL device?

circuit element that looks like a discrete The scope of applications is as broad as
electronic component but does the work timing and counting functions them-
of a complex assembly. Its main funec- selves. New uses are continually being
tional part is a center electrode, which devised. Here are two prime applica-
is surrounded by an electrolyte; the tions areas:

metallic container also serves as the
second electrode. In terms of its physi-
cal operation, an E-CELL unit is a
reversible micro-coulometer, i.e., it con-
verts the current-time integral of an
electrical function into an equivalent
mass integral (or the converse opera-

Control: You can use E-CELL devices
in circuits for timing, gating, starting,
stopping, delaying, relaying, monitor-
ing, actuating, sequencing, measuring
—wherever the control condition can
be represented by an electronic signal.

tion) up to a maximum of several Information Handling: You can use Apalog of [
thousand microampere-hours. Exactly E-CELL devices in circuits for data /’y‘;/'ca/e;/eﬂf :
{ one atom is transferred for each elec- capture, totaling and subtotaling time P or Process '
c/_‘ ) G_/ﬁ_ ¢ tron impressed on the E-CELL unit. periods or discrete events, elapsed time L
L Power drain is normally in the micro- logging, running time monitoring, out-

watt region. The mass integral can be of-limits logging, maintenance status
i 4 read out at a known current, the time reporting, real-time analog computing
to read it out being proportional to the —wherever the input data can be rep- '
original integral. When a mass is given resented by an electronic signal. Read-
' as part of the initial condition, this out can be formatted as either analog
| same process generates a precise time or digital data.
interval.

4. What are some present
RIS ¥6Pe He EICEY production uses of E-CELL
device do?

ClAg0 N ull devices?
8ooMmy For timing applications a constant cur- Fuzing and arming: battery charging: |
rent is applied to a pre-charged g gi s gINg;

E-CELL unit. The selected time delay cardllzfc o.u}t]].nu]t mtegratllc;')n; sonob_uo;f Hi-G SJHOCK
is determined by a combination of the SCUt.t INg; .lf i t;: : rlx.rotectlon, -55°C. %0 7/°C.

’ . engine maintenance scheduling; war- —
g} gl;}lkl_{)gr:; ::e% t'};‘; :];chl;lec ::;115;:::; ranty monitoring; time delay relays; \W{ﬁﬁ \
is from seconds to'months. The output e oy .racks; program timer;
voltage swing that occurs when the IR cREInCTor g

mass has been completely transferred 5. Want more information?

Voftage Drap

TimE~—>

is normally used as a bias transition For technical information and applica-
with semiconductor devices. tion notes, please send in the coupon
For integration applications, an un- below. *Patents applied for.

R, charged E-CELL unit accepts d-c, peri- ﬁ'
& “R odic, or random inputs in any wave- BISi COMPONENTS DIVISION
< shape and stores these as the mass Los Angeles, California
GH equivalent of a current-time integral. BERMVAN

Readout is handled in essentially the | T T T D R - A T i 3
same manner that the timing function | The Bissett-Berman Corporation, Components Division :
: 1 5 | 3860 Centinela Ave., Los Angeles, Calif. 30066

18 han.dled fcp 2, e charged - CELL | O LITERATURE ONLY ) HAVE REPRESENTATIVE CALL |
unit, i.e. the measured time required | 1
to reach the point of the abrupt voltage 1 APPLICATION |
swing, multiplied by the readout cur- | NAME |
rent, will be the accumulated charge | company. DEPT. |
integral. This could represent the total | |

. STREET

“‘count” of a series of events analogous 3 |
to the input pulses. ET_Y__________Q.T_AT_E______._P _____ J

<—Circle 40 on reader service card 41



MGITAL OUTPUT MULTIPLEXER ADC

bhbhhhbhh. i 3%

- 3

CLEAR STEP

T,

It’s the fastest.
It's the most accurate.

The M D51 is a high-level 64 channel onds max. and an accuracy of 0.01%.
multiplexer, a sample and hold ampli- And it sells for under
fier and a 15-bit A to D converter, all $10,000. If that doesn’t S D s
in a single chassis. It hasa total sample say it all, write for the

and conversion time of 10 microsec- rest. Samta Monica, Contermin

Circle 42 on reader service card
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Consumer electronics

Kitchen danger

Congressional hearings on radia-
tion safety have covered the broad
range of potential hazards—from
medical X-ray equipment to mili-
tary radars. But color tv receivers
—for obvious reasons—received
most attention, particularly in con-
nection with the 90,000-set recall
by General Electric and in sur-
veys showing considerable leakage
by other brands [Electronics, April
15, p. 56].

Now, however, the National
Center for Radiological Health is
focusing on microwave ovens. The
reason is that household use of
these ovens is expected to rise
from about 20,000 now to 40,000
by the end of next year and 1.8
million by the mid-70’s. Prices of
these ovens are rapidly tumbling
[Electronics, April 29, p. 39], and
some homebuilders are even in-
stalling them in kitchens as a sales
lure.

Set standards. The center, using
the same laboratory and techni-
cians it used for the color-tv stud-
ies, is first trying to establish test-
ing techniques and equipment to
use in the field for checking leak-
age. The two standard instruments
available now, say center officials,
must be oriented differently for
different ovens. Officials don’t
think the instruments could be
used for any large-scale surveys.

“We’d like to come up with a
simple portable unit like the one
we developed for testing color-tv
receivers,” says D.]. Nelson, who’s
in charge of the project. “We want
to learn the power density, which
we hope to translate to the ab-
sorbed energy in a tissue of the
body—particularly for the eye.”

The five domestic oven makers
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have cooperated with the center
by offering samples for laboratory
study. One major problem facing
the center—as well as the manufac-
turers—is that there is no single
nationally recognized standard for
microwave exposure in the home.
The Defense Department and
NASA have standards, but they’ve
been criticized for being so much
more liberal than those in some
other nations, particularly the So-
viet Union.

The Russians will allow only 1
milliwatt per square centimeter for
only 15 to 20 minutes of exposure
daily, while the U.S. Army and the
Air Force will allow continuous
exposure of 10 milliwatts per
square centimeter. (These expos-
ures are in the frequency range of
300 to 30,000 megahertz for the
Soviets and from 30 to 30,000 Mhz
for the Americans.)

Eye watch. Experts generally
agree that the eye is the most vul-
nerable part of the body. They
also agree, however, that not
enough research has been done on
the hazards. Only within the past
month has a booklet on the bio-
logical aspects been put out by
the center.

Although most research in the
U.S. leaves some question about
the real danger posed by micro-
waves, Russian studies present a
frightening picture.

The general effects of chronic
exposure, according to Russian re-
searchers, include bradycardia
(slow heart rate), hypotension (low
blood pressure), hyperthyroidism,
central nervous system exhaustion,
decrease in the sense of smell, in-
creased histamine level in the
blood (the same reaction as in an
allergy), changes in the lenticular

Hazards from microwaves

3,300 Mhz TO 10,000 Mhz

TOP LAYERS OF SKIN AND
LENS OF THE EYE
SUSCEPTIBLE TO
OVERHEATING

OVER 10,000 Mhz

SKIN SURFACE
AFFECTED

1,000 Mhz TO 3,300 Mhz

LENS OF THE EYE
SUSCEPTIBLE

150 Mhz 701,200 Mhz

DAMAGE TO INTERNAL
ORGANS FROM OVERHEATING
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nucleus of the brain, and changes
in intraocular pressure.

The big question is the effect of
the heat microwave penetration
produces in tissues and organs.
Some studies in the U. S. have sug-
gested an increased incidence of
mongolism in children of fathers
who have had prior exposure to
radar,

The booklet concludes by saying
that “microwave systems have be-
come a part of our way of life . . .
although the biological effects of
microwaves have been studied,
certain areas, such as the possi-
bility of cumulative effects from
subthreshold exposures, functional
changes from low-intensity irra-
diation as reported by the Rus-
sians, and possible nonthermal
changes need further clarification.
Large gaps also exist in the cur-
rent knowledge of possible genetic
implications and the actual long-
term effects, if any, of microwave
radiation on humans.”

Interesting, but expensive

What's a young hi-fi firm that’s
trying to break into the f-m stereo
tuner market doing with a model
that carries a $1,050 price tag when
some of the best equipment avail-
able costs only between $500 and
$700?

The answer, apparently, is that
the firm, CM Laboratories of Nor-
walk, Conn., thinks some hi-fi buffs
are eager for some very exotic
electronics; some of the electronic
techniques used in the tuner, in
fact, were borrowed from comput-
ers and sophisticated military com-
munications gear.

The new tuner, the model 804,
uses digital Nixie tubes instead of
a conventional tuning dial, a crys-
tal frequency synthesizer instead of
a variable-tuned local oscillator,
and a double-balanced hot-carrier
diode mixer instead of the usual
transistor type. It employs double
frequency conversion for better
image rejection, and a new ellip-
tical detector circuit that needs no
tuning.

Joint effort. The tuner was de-
signed by Wayne Chou and Nick

A4

SENSITIVITY SWITCH

CHANNEL A
MULT I~
15t I-F 2nd I-F
AMPLI- MIXER Bog (32 Mhz fofl MIXER B4 (10.7 Mh2 AMP PLEXER CHANNEL B
FIER FILTER) FILTER) ETECTO {19 Khz
XTAL)
FREQ. FREQ.
SYNTHE- k4010 1L Eed SYNTHE-
SIZER SIZER
®  CHANNEL SELECTOR
10- I 10—
POSITIONY _ __4_ _ _ _JPOSITION
STEPPING STEPPING
RELAY RELAY

Digital dial. F-m stereo tuner, priced at $1,050, borrows from
computer and military communications technology.

Morris, who together formed CM
Laboratories five .years ago. The
stero units will start rolling off the
production line some time in
November.

The 804 is simple to operate de-
spite its internal complexity. Sta-
tions are tuned in by moving a
lever to advance the readout coun-
ter to the desired frequency. De-
pressing the level causes two 10-
position stepping relays to advance
the counter a step at a time from
station to station.

The equipment can also be op-
erated semiautomatically to sweep
across the entire band in five sec-
onds. However, since the counter
doesn’t read down, the unit has
to be recycled to pick up stations
below its last setting.

The channel selector is actually
pretuned to each of the 100 dis-
crete stations in the 88-to-108-
megahertz f-m band. Thus, al-
though the stations are spaced a
mere 0.2 Mhz apart in the most
crowded part of the band, the fre-
quency cannot be mistuned.

The 804 can also be operated re-
motely. In that mode, the channels
can be selected manually through
a companion unit or automatically
through a preprogramed memory
drum.

The memory drum is driven by a
clock mechanism that enables it
to change channels at a prese-
lected time and as often as de-
sired, a useful feature when tape-
recording radio programs off the
air.

Two paths. In strong signal
areas, the signal picked up by the
antenna is fed directly to the
mixer; this results in very low
noise figures and excellent image
rejection. In fringe reception areas,
a dual-gate MOS FET amplifier in
a cascade configuration is switched
in to achieve infinite dynamic
range.

The mixer is fed by the fre-
quency synthesizer, which makes
possible the individual frequency
selection. A double conversion in-
termediate frequency is used to
provide maximum image rejection.
The first i-f stage employs a new
type of elliptical 32-Mhz filter de-
signed specifically to eliminate
phase distortion. The second filter
for the 10.7-Mhz bandpass is of
standard IC design.

To avoid using a limiter and
standard f-m discriminator, CM
has developed a new detector, a
pulse-counting type that needs no
tuning. The output is fed to the
multiplex circuit, which uses a 19-
kilohertz crystal to select the pilot

signal.

Components

Tuning Gunn diodes

Within a year, Varian Associates
expects to be marketing an elec-
tronically tunable Gunn diode that

Electronics | September 30, 1968
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Progenitor.
Competition for
building an
electronically
tunable Gunn diode
that can replace a
backward-wave
oscillator is heating
up. This is a
prototype
developed by
Varian.

will function as a direct replace-
ment for a backward-wave oscilla-
tor (bwo).

The tuning mechanism is a famil-
iar one for microwave devices—an
yttrium iron garnet sphere in a mag-
netic field. In such an arrangement,
frequency and power vary with the
strength of the field, and are thus
voltage-controllable. Even with the
rather crude circuits built so far,
Varian researchers Masahiro Omori
and Gene F. Day have obtained oc-
tave tuning at X band (6 to 12 giga-
hertz), with peak power of 115 milli-
watts, continuous wave, at 7.8 giga-
hertz.

If it can make the devices more
efficient, Varian will have a product
certain to interest its Palo Alto,
Calif., neighbor, the Hewlett-Pack-
ard Co. H-P uses a bwo in every
microwave sweep generator, but
wishes it didn’t have to. “If the tun-
ing principle works, it would offer a
promising way to replace a big,
cumbersome, noisy component with
a small, convenient solid state equi-
valent,” says one H-P spokesman
cautiously.

H-P first? He is probably being
disingenuous. Hewlett-Packard has
a strong gallium arsenide effort, and
at least one researcher familiar with
the field says the first solid state
bwo replacement will probably be
made by H-P itself. “Their circuits
are far more advanced, they’re de-
signed as part of the waveguide,
but Varian’s are modified klystron
mounts,” this researcher says. H-P
itself flatly refuses to comment on
whether it’s even investigating tun-
able Gunn devices. The company
did introduce a line of experimental
Gunn oscillators at the Western
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Electronic Show and Convention
this summer.

Varian’s Day concedes that the
main problems in building a practi-
cal device are with the microwave
circuits. “We have made enough
progress in materials so that is no
longer a real difficulty,” he says.
“But we have to make the magnet
gap as small as possible to cut
down on the power requirements,
and since the Gunn diode, the
sphere, and the connecting circuitry
must all be in the gap, there’s some
difficulty in shrinking the circuitry
and then coupling out of the de-
vice.”

The circuits built by Day and
Omori were in a magnet gap of 0.2
inch. The entire 10-cubic-inch os-
cillator weighs 1.8 pounds. By nar-
rowing the gap even further and
using permanent magnet materials
to produce part of the field, Omori
and Day expect to shrink the oscil-
lator to a 5-cubic-inch package
weighing less than a pound for C-
or X-band devices. Day says that
outputs of 20 mw over 4 to 8 Ghz,
7 to 13 Ghz, or 12 to 18 Ghz range
are possible with outputs of more
than 50 mw over any 3-Ghz range,
greater than 100 mw over any 1-Ghz
range, and about 200 mw peak.

Power is limited not by the Gunn
diode but by the size of the sphere;
enlarging the sphere would keep
the magnet gap large. Day and
Omori are secretive about the size
of their present sphere, saying only
that it is between 20 to 60 mils in
diameter.

A la mode. The Varian oscillator
is made with a true Gunn device,
operating in the transit-time mode.
“There are no practical devices

made using the limited space-
charge accumulation mode (LSA),”
Day says. But the other major manu-
facturer of bwo’s, the Watkins-
Johnson Co. has hired W. Keith
Kennedy, who achieved high-power
outputs in Gunn work at Cornell
University, and plans strong efforts
in building Gunn oscillators and
growing gallium arsenide.

Leopoldo B. Valdes, manager of
semiconductor and integrated-cir-
cuit research and development at
Watkins-Johnson, says the company
is working on tuned avalanche os-
cillators and will have a product
within six months. At the lower
microwave frequencies, around C
band, doping is still too critical for
the manufacture of reproducible
Gunn devices, Kennedy says. (The
frequency of a Gunn device de-
pends up the nL product, where n
is the doping level and L the length
of the diode. Low doping levels are
very tricky, Kennedy says; tempera-
ture changes alter the effective dop-
ing level, and the devices aren’t
temperature-stable.)

Three for the bwo. At high fre-
quencies, however, the avalanche
diodes become unmanageably
small; here, above Ku band, Wat-
kins-Johnson will build LSA oscil-
lators. “Gunn devices are still fight-
ing materials technology,” says
Valdes. Watkins-Johnson feels that
only at the high-frequencies, where
doping levels can be as much as 10
times those of C-band oscillators,
are Gunn diodes practical now.

Still, Valdes leaves no doubt that
Watkins-Johnson expects to match
Varian in making the bwo obsolete.
The goal—a device equal in power
and bandwidth to the bwo, but with
noise figures comparable to those
of a good klystron—is attractive
enough for both companies to feel
that special efforts are justified. The
question now seems to be not
whether they can attain the goal,
but whether they can outperform
their customer, Hewlett-Packard.

Filter on a slice

A couple of years ago, Bell Labs
announced the monolithic crystal
filter. Suddenly a sliver of quartz
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with a few electrodes could replace
the fistful of coils, capacitors, and
other discrete components used for
bandpass filters.

By converting electrical signals
piezoelectrically to acoustic ones
and propagating them through the
quartz to another set of output
resonator electrodes, very narrow-
band filters could be made. By
adding resonator electrodes be-
tween input and output, and by
changing the spacing between
them, engineers could obtain wide
varieties of filter characteristics:
equal ripple, equal phase, sharp or
softly sloping cutoffs, and others.

Quartz is cheap, and the new
filters seemed easy to make; ob-
servers might have expected the
industry to lunge into commercial
production of the devices, but in-
stead it has taken nearly two years.
Now Damon Engineering Inc,
Needham Heights, Mass., will of-
fer 3- to 30-megahertz center-fre-
quency filters for as little as $20,
delivering prototypes within two
to four weeks.

But what took so long in the
first place?

’

“An information gap,” suggests
engineering manager,

Damon’s

Robert N. Kent. “We knew crys-
tals but not much about thin-film
technology—seemingly it’s just ta-
ken the crystal business two years
to see the market and find out how
easy these things are to make.”

“We hadn’t forgotten about
monolithic filters,” he says, “but
it wasn’t until the interest shown
at last April’s Frequency Control
Symposium that we saw real mar-
kets and the possibility of expand-
ing numbers of applications as the
monolithics took hold. So we sat
down to do some constructive kaf-
feeklatsching with semiconductor
people, and traded a little infor-
mation in exchange for data on
thin films, mask alignment, and
other manufacturing problems we
expected.”

Quick and easy. But there
weren’t any problems. “Nothing has
ever gone together so quickly or
cleanly,” says Kent.

All that was necessary to dupli-
cate Bell Labs’ work was careful
lapping to produce extra-smooth
surfaces on the quartz crystals.
Vapor deposition of the resonator
electrodes proved no problem at
all, and within two months of the
symposium, Damon’s engineers

Thin-film filter.
Commercial model
of monolithic crystal
filters, left, replaces
all the coils,
capacitors, and other
discrete components
shown above.

had built nearly 100 prototypes of
the device.

Then they added improvements.
Damon used circular rather than
square resonator contacts, allow-
ing more effective use of the crys-
tal lattice. This, combined with a
proprietary coupling scheme, en-
abled the company to get more
resonators on a sliver of quartz
and thus make filters smaller than
those produced by the Bell Labs
method.

Already-developed  techniques
for clean rooms about 10 times
cleaner than those needed for inte-
grated-circuit work, Kent says,
made it possible to ward off con-
taminants that might have made
the crystal’s resonant frequency
change with age. Such contamina-
tion would have not only shifted
the center frequency of the pass-
band but also changed its shape.
The ultraclean rooms had been de-
veloped for production of low-drift
oscillator crystals.

Although its capability is only
now being publicly announced,
Damon has already sold filters to
Raytheon for the Army SAM-D mis-
sile and to an unidentified firm
making miniature radios and pag-
ing systems for Government se-
curity agencies.

“This is where the markets are,”
says Kent, “in miniaturized or mo-
bile communications and radar
gear, and in military and space ve-
hicles where ruggedness and per-
formance over broad temperature
ranges are needed.”

Now to space. Kent is particu-
larly interested in space and ra-
dar. Damon’s discrete-component
filters flew aboard Ranger space-
craft, giving Kent a feeling for
NASA’s reliability requirements.
“Monolithics are tiny, light, and
far, far more reliable than discrete-
component filters. They are natu-
rals for deep-space and satellite
communications,” he says.

As for radar, “Such filters would
work well in miniaturized doppler
systems, making possible far
smaller range-rate bins than possi-
ble with today’s other techniques.”

But by the time users awaken
to all the possibilities of mono-
lithic filters, Damon may have
competition; Collins Radio and
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u-PAC logic module prices have been reduced. Again.
It brings us close to our objective: to provide the most
comprehensive and economical digital logic offering in
the industry. First, take a look at some typical prices:

Unit Price

_— e New Price
Model Description Old New per Function
D1-320 10, two input NAND gates  $25.00 $20.00 $2.00/gate
DN-320 6, three input NAND gates 21.00 16.00 2.66/gate
DF-320 8, three input NAND gates  New 20.00 2.50/gate
FF/320 8 basic flip-flops New 31.00 3.87/flip-flop
FA/320 4 clocked flipflops 31.75 25.00 6.25/flip-flop
BC-320 6 stage binary counter 46.50 38.00 6.33/stage
SR-321 8 stage shift register New 54.00 6.75/stage
AP-335 8 half adders 168.00 129.00 16.12/half adder

We'll give you 102 more price comparisons on request.

Now, focus on those factors most often neglected in a
make-or-buy go 'round. ;.-PAC modules offer the lowest
total system cost because they are more than “a
flip-flop mounted on a card.” u-PAC modules are an
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integrated system of digital logic electronics with fully
compatible mounting hardware and power supplies. 170
circuits and analog circuits. Wire wrap tools and other
accessories. The works. Plus support. Like in-depth
documentation. Logic design aids. 100%, circuit testing.
72-hour Certified Fast Shipment. Even custom designs
for your special needs.

Whether your logic needs are large or small, ask your
Honeywell PAC man to give you the full story. He'll help
you “bank’ a nice piece of change. Honeywell,
Computer Control Division, Old Connecticut Path,
Framingham, Massachusetts 01701.
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Reeves-Hoffman are both near
commercial lines, and the latter is
already producing such filters for
Western Electric.

Computers

Calculating on MOS

Computer designers talk a lot about
metal oxide semiconductors and
how they’d like to take advantage
of their high packing density and
low current drain, but so far it’s
been all talk—except at a small new
firm in Burlington, Mass.

The company, Viatron Computer
Systems Corp., will be introducing
its first products—off-line peripher-
als for clerical functions—in the
next couple of weeks. These intro-
ductions, says president and co-
founder Edward M. Bennett, will
be the first step toward a “Sears
Roebuck catalog of electronic data
processing equipment.”

All the equipment will have a low
price (rentals are far less than $100
a month) stemming from maximum
use of large MOS arrays. The pe-
ripherals include formating sys-
tems, data storage and retrieval
systems, and tape store and for-
ward systems.

Says Bennett, “We will buy the
largest arrays the industry can sup-
port, and we think it can support
some big ones.” One Viatron em-
ployee mentions 700-gate MOS ar-
rays, while Bennett himself talks
about the possibility of “low thou-
sands of kilobits of memory in one
integrated-circuit package.”

Hot competition. But such arrays
almost certainly must be custom de-
vices, and thus supposedly expen-
sive ones. Bennett has a ready an-
swer to this problem. He reasons
that IC houses, try as they might,
won’t be able to capture the whole
spectrum of custom MOS applica-
tions. “And right now it looks as if
there will be more MOS producers
than users,” he says. The antici-
pated results are hot competition
for array business and rock-bottom
prices, perhaps lower than average
in Viatron’s case, because Bennett’s
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engineers may supply their vendors
with masks that are developed in-
house.

Finally, in Viatron’s initial prod-
ucts, clock rates will be very low—
down in the kilohertz range. “Since
we’ll be interfacing with humans
rather than machines in our early
off-line products, we won’t need
high speed. This in turn is going to
make the kind of arrays we want
easier to make,” says the Viatron
executive.

Software will also be inexpensive.
“With large MOS read-only mem-
ories, we’ll use a matrix programing
approach,” Bennett says. “The pro-
grams are to be general ones; a con-
ditional retrieval program would
operate in a broad sense to make
possible inventory control, litera-
ture search, executive information
services, and so on.”

Avionics

New directions

Probably best known in avionics
circles for its weather radars, the

aviation equipment department of
RCA has decided to start tangling
with such suppliers of airborne nav-
igation equipment as Bendix, Col-
lins Radio, and King Radio. Offi-
cials at the West Los Angeles,
Calif.,, department believe they’ve
stolen a march on the competition
with their AVN-210 integrated very-
high-frequency omnirange/instru-
ment landing system (VOR/ILS) for
general aviation planes.

The system, in development
about two years, was shown for the
first time last week at the Aircraft
Owners and Pilots Association
meeting in Las Vegas. It incorpo-
rates in one 3.19-by-3.19-by-10.6-
inch package what competitive sys-
tems have to carry in up to six
bulky remote boxes housed in var-
ious parts of the aircraft. RCA is
shooting for the heavy single-en-
gine and light- and medium-weight
twin-engine aircraft market, includ-
ing such planes as the Beechcraft
Bonanza and the Cgssna 210.

Weight trimming. The AVN-210
weighs but 4 pounds; its two closest
competitors, RCA spokesmen say,
weigh 16.2 pounds (in six boxes)
and 14.5 pounds (in three boxes)
although both designs employ solid

Changing course. RCA enters the avionics navigation field with this integrated
very-high-frequency omnirange and instrument landing system. The entire
unit fits in a single black box.
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Problem: An integrated circuit voitage follower capable of slew-
ing at a minimum 50V/u s rate is needed. A minimum 20MHz
bandwidth is required. Power dissipation must be low and the
amplifier must operate from +10 volt supplies. Pick the best
buffer amplifier for the job.

EXTERNAL FEEDBACK CONNECTION
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THE NEW RA-244 COMPENSATIONLESS
BUFFER AMPLIFIER

Solve the problem with Radiation’s dielectrically isolated RA-244 buffer
amplifier. Operating in Mode #2 of its dual-mode capability, a guaranteed
minimum slew rate of 50V jus is yours! And the bandwidth is 20MHz.
Maximum power dissipation is only 1770mW. Low enough for the most
demanding design criteria. Another plus . .. like Radiation’s RA-909 oper-
ational amplifier, no compensation networks are needed. Obviously, the
Best IC for the job.

Switch to the 15V /us (guaranteed minimum) Mode #1 simply by
using externally available resistor trim points. And, also, the feedback
loop is accessible, making the RA-244 extremely versatile. Use it as a
voltage follower, wideband video amplifier, or general purpose opera-
tional amplifier.

Contact your nearest Radiation sales office for further information. We'll
help you pick the Best IC for the job.

WE MAKE THE X&%\ \Q FOR THE JOB

RADIATION

INCORPORATED

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

RADIATION SALES OFFICES: P.0. Box 476, Lexington, Mass. 02173, {817) 682-1055 e 600 Old Country Road, Garden City, N.Y. 11530 (516) 747-3730 « 2600 Viginia Avenue N.W., Washington, 0.C. 20037. {202} 337-4914 « 6151
W. Century Boulevard, Los Angeles, California 90045, {213) 670-5432 « P.0. Box 37, Malbourne, Florida 32301, {305) 727-5430 « International Sales: Marketing Oepartment. P.0. Box 37, Melbourne, Florida 32801, {305) 727-5412
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state components.

But the clincher may be price.
The AVN-210 sells for $3,995, and
RCA officials estimate that it will
cost $200 to install. The rival six-
box system sells for $4,648 and
costs an estimated $900 to install.
The three-box competitor costs
roughly $4,500, plus an estimated
$830 for installation.

RCA was able to shrink its system
by eliminating separate power sup-
plies (required in the competing
gear because it isn’t in a single
package) and by using integrated
circuits extensively.

The front of the AVN-210, with
the instrumentation and operating
controls, is mounted flush with the
cockpit instrument panel and re-
quires a 3.19-by-3.19-inch space.
Behind the instrumentation are
three complete receivers plus the
VOR/localizer (LOC), each on a
separate printed-circuit board. The
top of the box contains the 108-to-
117.95-megahertz navigation re-
ceiver, which contains three types
of RCA transistors, plus other dis-
crete components. Channel spacing

is 50 kilohertz.

Folded into the right side of the
box are the runway-marker receiver
and light-amplifier circuitry. The
cards contain RCA discrete transis-
tors and Motorola linear IC ampli-
fiers, and are hinged to the bottom
of the box, swinging down for
maintenance. On the left side of the
box, hinged in similar fashion to
the marker receiver, is the card
containing the VOR/LOC converter,
which uses both RCA and Motorola

linear IC’s.
Face the elements. Beneath the
navigation receiver and nested

between the marker receiver and
VOR/LOC converter is a 20-channel
glideslope receiver and converter,
which also uses RCA transistors and
Motorola IC’s. Because the entire
integrated system fits behind the
instrument panel in a heated and
pressurized cabin, it doesn’t have
to stand up to the temperature and
pressure extremes and changes en-
countered by the traditional remote
black boxes. Nor does it need the
wiring required by gear situated in
remote parts of the plane. It will,
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however, operate from —46°C to
+55°C and at up to 55,000 feet.

The AVN-210’s current drain of
300 milliamperes is 1.5 to 2 amps
less than that of competitive sys-
tems. The unit operates on either a
14- or 28-volt power source and
meets the Federal Aviation Admin-
istration’s Technical Standard Or-
der requirements covering such
things as vibration, temperature,
and humidity.

RCA expects to begin deliveries
in November.

Space electronics

Happy birthday?

The National Aeronautics and
Space Administration is 10 years
old tomorrow, but expressions of
sympathy are as much in order as
congratulations. For all its past tri-
umphs, the agency faces a doubt-
ful future.

The weeks preceding its anni-
versary have been marked by the
resignation of James Webb, NASA’s
administrator for eight years, con-
tinued paring of the agency’s al-
ready slim fiscal 1969 budget, and
hints that the Apollo lunar landing
scheduled for next year may be
deferred.

In taking leave of his post, Webb
bitterly criticized Congress for
budget cuts he said have cost the
nation its lead in the space race.
The cuts he referred to have forced
NASA to shift funds away from
long-range programs to more im-
mediate ones, and have caused lay-
offs at the agency and at contrac-
tors.

As for the Apollo program. the
first manned flight is scheduled for
launch in less than two weeks, and
plans call for a manned lunar fly-by
in December. But some NASA offi-
cials fear that this program may
signal the end of an era of heavily
funded projects and the beginning
of lean years. Recent budget re-
ductions have already severely lim-
ited the scope of the follow-on
Apollo Applications Program and
the unmanned Mariner Mars mis-
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sions slated for 1973.

Tall order. The agency feels that
if its first decade is not to be fol-
lowed by decadence it must find
new goals to sell to Congress, a
new Administration, and the pub-
lic. And as things stand now, this
job will fall to NASA’s acting ad-
ministrator, Thomas O. Paine. It’s
too early to say what his strategy
will be, but some ideas kicking
around Washington may serve as
indicators.

For one thing, Paine may stress
the benefits of “technological fall-
out.” Since becoming Webb’s as-
sistant, he has often urged that
the agency increase efforts to ap-
ply itself to earthly problems.

Reusable spacecraft may be an-
other selling point. The idea,
discussed in the aerospace indus-
try for years, is now being regularly
cited in speeches by NASA officials,
who see the craft as a future alter-
native to costly one-shot vehicles.

Finally, the agency is going to
have to find a new way to sell its
schemes for planetary exploration.
Congressional resistance to these
plans is strong, and less than 2%
of NASA’s budget is currently al-
located to this area.

Cheap shots. One approach that’s
attracting interest at the agency is
outlined in a report recently re-
leased by the space science board
of the National Academy of Sci-
ences. The report, a blueprint for
economic exploration, urges that
costly manned missions be replaced
by unmanned instrument flights,
and suggests that more use be
made of the relatively inexpensive
Pioneer-type spacecraft. It even
spells out a comprehensive flight
plan for exploration and insists on
an end to duplication and triplica-
tion of missions.

These ideas are less glamorous
than the ones NASA has been push-
ing for a long time, but their adop-
tion would mean cost savings and
could give planetary exploration a
new lease on life.

More of LES

The 360-pound LES-6 communica-
tions satellite—which was to be
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Test bird. Lincoln Lab’s LES-6 communications satellite has electronic
features that may be included in the military’s Tacsatcom.

launched from Cape Kennedy on
Sept. 26—has some technological
features never before orbited.

The craft, designed by Lincoln
Laboratory for the Air Force, car-
ries the first automatic self-con-
tained station-keeping system, a
setup that allows the satellite to
sense its position above the earth
and to direct itself to its proper
station.

It can change station upon re-
ceipt of a single signal from the
ground. Continual control and mon-
itoring aren’t needed. Its power
supply and transmitter are de-
signed to use solar-cell-generated
power more efficiently than pre-
viously orbited gear. Radio-fre-
quency output is thus improved.
It’s the first communications satel-
lite to combine circular polarization
with an electronically despun an-
tenna.

These features being tested in
the Lincoln Experimental Satellite
series are slated for incorporation
in the Tactical Satellite Communi-
cations system (Tacsatcom). And

if they prove practical in this Air
Force experimental system, they
may be included in the military
communications satellites of the
1970’s. LES-6 itself is certain to be
used in the hardware-checkout
phase of the Tacsatcom program,
expected to begin early next year
at the latest.

Staying put. The automatic sta-
tion-keeping system uses two op-
tical sun sensors on opposite sides
of the satellite, an optical earth
sensor at a 45° angle from one of
the sun sensors, and an electronic
clock that keeps track of solar time.

As the satellite spins on its axis
at about 10 revolutions per minute,
the earth sensor and sun sensors
transmit pulses to an on-board dig-
ital computer. From the relative
position of the earth and the sun,
the computer calculates the posi-
tion of the craft. If the satellite is
off station, the computer figures out
how to get it back in place with the
least expenditure of ammonia-gas
propellant.

An alternative station-keeping
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system that operates on commands
from earth will be used to initially
move the satellite after synchronous
altitude is attained.

LES-6’s power supply has been
designed to improve the transmit-
ter’s operation. Rather than design-
ing the transmitter to operate at a
single specified input power, Lin-
coln Lab broadened its d-c input
capabilities. So when the satellite
first goes aloft with its fresh solar
cells supplying more power than
required, the transmitter can slough
off the overload. Even after degra-
dation of the cells causes power to
fall off, the transmitter is still op-
erating within specifications, and
its ratio output doesn’t drop. Doing
away with the conventional power
supply regulators and converters,
says a lab spokesman, makes pos-
sible nearly twice as much r-f
power output at takeoff.

Dumping donuts. LES-5 was the
first Lincoln satellite to use circu-
lar polarization, which enables a
radio beam to penetrate the iono-
sphere with minimal fading and
without signal loss due to polariza-
tion rotation. LES-5’s antenna pat-
tern was shaped like a donut, sur-
rounding the satellite. However, the
pattern intersected the earth for
only about 17°, so most of the
craft’s power was wasted.

LES-6 retains the basic LES-5
method of obtaining circular polar-
ization: pairs of dipoles and slot
antennas are excited in quadrature
(each half dipole is 90° out of
phase with the slot behind it in
the body of the satellite). But in-
stead of exciting all antennas si-
multaneously, LES-6 uses a system
of p-i-n diodes to switch power
only to those antennas facing the
earth.

Thus, while the transmitter gen-
erates only about 120 watts of uhf,
the concentration of power in one
beam produces 600 watts effective
radiated power toward the earth.

Also flying on LES-6 are experi-
ments to measure radiation levels
at synchronous altitudes and to
measure uhf radiation from the
earth between 290 and 315 mega-
hertz. The latter experiment is de-
signed to uncover possible uplink
interference; LES-5 carried a sim-
ilar package to investigate frequen-
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cies between 255 to 280 Mhz,
bands that Tacsatcom might use.

Military electronics

Crisis of identity

The Airborne Warning and Control
System (Awacs) has now been
cleared for takeoff into the contract-
definition stage, but what direction
it will take once aloft is still a ques-
tion.

For one thing, there’s a difference
of opinion in defense circles over
how elaborate an electronics sys-
tem the flying command post will
need. Sources close to the program
are reluctant to talk, but they do
indicate that one faction wants a
system that would include redun-
dancies to handle emergencies
while the other maintains that an
austere version could do the job.

Internal squabbles. Not only have
there been conflicts between the
cost-conscious Defense Depart-
ment and the Air Force on this
score, but there are opposing camps
within both agencies. There is some
disagreement between the Tactical
Air Command and the Air Defense
Command, for example, according
to one source.

Differences between the Pentagon
and the Air Force on testing pro-
cedures have helped to hold up
issuance of requests for contract-
definition proposals to Boeing and
McDonnell Douglas for almost a
year [Electronics, Sept. 16, p. 67].

Boeing prefers an austere version
of Awacs, but McDonnell Douglas
is pushing for a system with all the
trimmings.

According to one Boeing engi-
neer, “The Air Force is asking too,
too much. They're not going to get
the capability they want with that
system. It's more than they need.”

He figures the system the Air
Force wants will cost $300 million
more to test and evaluate than
would the equipment they could
really use, or about $2 million more
per production unit. Among the
items he cites as “gold plate” are:
a crew twice as large as needed,
military jet engines instead of less

expensive commercial types, and
excessively large computers.

Muddy prose. Another compli-
cating factor, according to industry
sources, is that the Air Force hasn’t
been all that precise about what it
wants. A Boeing executive com-
ments that the service’s contract-
definition paper sounds “like a
bunch of kids wrote it; I could
have done better.”” A McDonnell
Douglas representative asserts that
the document had to be rewritten
more than 35 times before the De-
fense Department would okay it.

A further problem is that the de-
lay in issuing the requests for pro-
posals has caused the companies to
cut back the project teams they’ve
had to support on house money for
so long. Boeing says it has less than
100 employees on the program right
now, down from about 800 at one
time. And McDonnell Douglas con-
cedes that it no longer has its 300-
man team assembled. It will take
time to rebuild and recoordinate
these groups.

In view of the conflicting opin-
ions both in and out of the military,
one source close to the program
guesses that each company will
play it safe and submit two con-
tract-definition proposals, one plush
and the other austere.

Displays
Deflected by digits
The days of pot-twiddling in

graphic displays are numbered.
Their end became inevitable when
the Univac division of the Sperry
Rand Corp. announced a new line
of cathode-ray tube display sys-
tems using a digital deflection tech-
nique.

This technique eliminates the
need for low-level digital-to-analog
conversion and reamplification,
which require circuits that tend to
drift and so have potentiometers
that have to be readjusted every
few days.

Univac’s new approach converts
the digital data into analog deflec-
tion signals directly at high levels,
using a constant rise-and-fall cir-
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an automated push-button drafting system. Users have

experienced increased output of better than 4 to 1 over

manual methods — 30 to 1 when drawing data is

furnished in digitized form — plus receiving superior,

“better-than-inked" quality that is geared

to the requirements of today and tomorrow's

300 East 42 Street, New York, N.Y. 10017.

Tel.: 212-661-5615; TWX 710-581-3385.

information storage, retrieval and data
0000000000000000000000000000000000000000

transmission systems. For DIAGRAMMER details
and user payback testimonials, contact Automated
Drafting Systems, Mergenthaler Linotype Co.,

a Division of ELTRA Corporation,

City/State/Zip
Mergenthaler Linotype Co., 300 East 42 Street, New York, N.Y. 10017

° °
¢  Please send me DIAGRAMMER details ( ) <
: Please call me soon ( ) Phone No :
o Name Title 4
: Firm__ :
[ ®
° Address b4
[ ] [
[ °
[ ©
[ o
°

[ o

1% YEARS

THE DIAGRANMMER b | Mergenthaler |

total
graphic arts
company
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Smoothing the way. Abrupt voltage steps at outputs of flip-flop
register are turned into smooth transitions by constant-rise-and-fall circuits
connected to each transistor switch. Circuits replace servoloop in

new display system from Univac.

cuit that translates the little jumps
generated by the digital input into
a smoothly varying signal. Its de-
flection signal, furthermore, is elec-
tromagnetic, so it attains high pre-
cision and reliability without the
high voltages and attendant voltage
step-up and insulation problems
that electrostatic deflection would
entail,

No loop. As in all digitally driven
displays, a digital code addresses
a read-only memory that establishes
a sequence of coordinates corre-

sponding to the input code. Univac
uses the 7-bit ASCII code; its read-
only memory is a diode matrix.
Each coordinate is stored in a flip-
flop register as a binary number.
Conventional displays convert
the binary number into analog form
at low voltage levels, then amplify
the analog signal into high-voltage
(for electrostatic) or high-current
(for electromagnetic) form to drive
the deflection yoke on the crt. Feed-
back signals from the yoke to the
amplifiers establish a servo loop

Representational art.
Univac's new
display unit
produces multi-
layer-board

artwork with a
tolerance of

+2 mils in

15 inches.

that can easily get out of adjust-
ment. Univac’s approach, however,
drives a high-level d-a converter;
current through the resistor net-
work in the converter goes directly
to the yoke.

The converter is a conventional
d-a circuit in most respects. The
resistors that control the smaller
output changes are binary-weighted
in the usual way—1, 2, 4, and so on
up to 64. The larger changes are
all controlled by switching in multi-
ples of 64; as a result, precision re-
sistors with larger ratios to one an-
other aren’t needed, and large cur-
rents don’t have to be switched
rapidly on and off.

For the record

Buying in. RCA, which in 1966
signed an agreement with Hoff-
mann-La Roche to collaborate on
the development, production, and
marketing of medical electronics
products, has now sold the activity
to the drug and chemical firm for
approximately $1 million.

Selling off. Cornell University
will sell its Aeronautical Labora-
tory to EDP Technology Inc. of
Washington for about $25 million.
The lab, a university subsidiary
since 1946, does applied research
for Government and industry in
aeronautics, electronics, and allied
technologies. Last year its contracts
totaled $32 million. EDP, which was
founded early this year, has moved
into many areas of computer soft-
ware.

Double-teaming. NASA’s God-
dard Space Flight Center has se-
lected General Electric and Fair-
child Hiller to carry out parallel
design studies for Applications
Technology Satellites F and G.
Each firm will receive $4.6 million
for studies to be done over the next
two years. One of the companies
will get the final contract for the
two satellites in early 1970. Mean-
while, NASA is working on its final
list of experiments for the two sat-
ellites, which are to be launched
in 1972 and 1973.
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New flame resistant

GLASKYD
7100 FR

Alkyd Molding Compound

for economical
high performance
connectors

This card-edge printed circuit connector
won't singe your reputation.

Made with GLASKYD 7100 FR, it's re-
placing DAP for some mighty good rea-
sons. Point 1—it provides comparable wet
electrical properties at a much lower ma-
terial cost. Point 2—it’'s economical in
other ways, too. In slug form, its fast
molding cycle increases production sig-
nificantly. Point 3—it has low weight loss
at elevated temperatures and permanent
flame resistance exceeding normally ac-
cepted requirements. So specify New

GLASKYD 7100 FR alkyd molding com-
pound over DAP for savings and quality
right down the line.

Among the many types of GLASKYD
available, chances are there’s a GLASKYD
molding compound that willi meet your
needs . . . for flexural strength, impact
strength, arc resistance, low water absorp-
tion, flame resistance, heat resistance, di-
mensional stability, and many more advan-
tages. Write today for technical brochure
to American Cyanamid Company, Plastics
Division, Wallingford, Connecticut 06492.

SALES OFFICES IN: CHARLOTTE e CHICAGO e CLEVELAND s DALLAS ¢ DETROIT e LOS ANGELES e MINNEAPOLIS
OAKLAND o PHILADELPHIA o TUKWILA, WASHINGTON ¢ WOODBRIDGE, CONNECTICUT * ALSO AVAILABLE IN CANADA.
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Electron gains
> [0 with

background

counts

- <Inl0s

4~ - - Obtained from the Mullard

range of 14 standard

Channel Electron

Multipliers. Specials
built to order.

Response All these Multipliers res-
pond to electrons, ions, short-wave-
length ultraviolet radiation, and both soft

. and diagnostic-quality X-radiation.
Ideal for rocket and satellite payloads Because
they are small and rugged, have a high electron gain, and
require only minute operating power. Earth bound applica-
tions are in the fields of mass and ultraviolet spectroscopy.

Important properties % windowless input ¥* high

electron gain # low background count rate # narrow pulse-
height distribution # low power consumption.
Features that count #% performance independent of
ambient pressure over a wide range # compact, rugged and
light % freedom from contamination after long-term
exposure to normal atmospheres 3 simplicity of use.

Two series are available—high-resistance, with a
particularly low power consumption, and low-resistance for
high pulse-counting rates. There are open or closed output
versions of all types for dc or pulse-counting operations.

Circle 215 on reader service card

The Mullard range of Channel Electron Multipliers
has been developed from a specialised series of Electron
Optical devices. These include channel plates, infrared
image converters and cascade image intensifiers—all from
Europe’s largest image-device facility.

Every designer should have a copy of the Mullard
book on C.E.Ms. It gives full information on their character-
istics and principles of operation. Also ask to be put on the
mailing list of the Mullard Bulletin—a regular publication
which gives details of new components and applications . . .
the result of extensive research and development programs
in the Mullard laboratories in England. Mullard employ 1000
qualified scientists and engineers and have six major plants,
with over 3 million square feet of floor space.

Write today for information on Mullard Channel
Electron Multipliers, and the name of your local Distributor.

Mullard Limited, Mullard House, Torrington Place,
London WCi, England.

U.S.A. enquiries to Mullard Inc., 100 Finn Court,
Farmingdale, Long Island, New York. 11735 U.S.A.
Telephone: (516) 694-8989 Telex: 961455.

Mullard
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MOS 100-BIT WORD GENERATOR

As the size and complexity of a digital system
grows, chieckout or test hardware becomes more
and more significant This is particularly true for
Integrated circuits, with the growing complexity of
monolithic functions making testing time consuin-
ing and expensive. A partial solution to the prob-
lem is automation of as much of the testing as
possible. The format of digital information re-
quired to test today's systems, however, is often
beyond the capabilities of pulse generators, while
complex computer-controlled test systems are
costly Presently-available IC's can be used to fill
the gap

SYSTEM OPERATION

Figure 1 shows a versatile, programinable word
generator implemented using off-the shelf MOS
IC's. Any 100-bit serial combination of digital
information in the accumulators is available to the
system under test at a 1 MHz rvate. All outputs sre
synchremous and tit number 1 of alf channe's
appears simulitaneously. To load the acoumnilators
the clock W switched to the load rate af 100 ks
ldetenmingd by the pperating speed of the seriil
ipee), and the channel selecior (a 2 gang rotary
witch) B4 set 1o the appiopriate chanoal. The
desiredd kit pattern is programmed by toggle
switches, then stored in the selected charine!
accumulator by depressing the “load cammand”
push-button. The pattern appears immeciately on
the channel output. Additional channels are pro
grammedd by simiply selecting a new channgl on the
chahne!l seiector switch and repeating the proce
ture

Becauw of the centratized piogramming and load
ing shicemi, the systertt is tusily expundable 1o
more chaniels by adding a buffer, an accumulator,
and one rotary switch position on the channe!
selector for each additional output channel re

J J. Kubinet
National Semiconductor

quired The bit pattern can be made longer or
shorter by choosing a different length for the shift
register in the accumulator.

SYSTEM MECHANIZATION

The complete system is implemented using MOS
IC's and hardware, except for the clock and
buffers.

The two-speed clock shown in Figure 2 is basically
a collector-coupled astable multivibrator. Varia-
tions in the current from the bias supply change
the c¢harging current to the timing capaclior C1
and therefore the clock frequency proporuon-
ately. When the “repetition rate control’” switch is
closed, the current increases by an order of magni-
tude and the frequency increases from the load
rate of 100 kHz to the test rate of 1 MHz.

The accumulatois require iwo clock phases, so
bdth the “clock’’ and the ‘‘clock” outputs are
usecl. They cannot. however, drive large capacitive
toads directly, %o bufiets are needed The buffer
circutts shown also used on the accumulator out-
puts sink Lp s 200 mA and cen drive large ca-
pacitive loads at 1 MHz. To constrve power, the
duration of the clock phiase pulses I1s reduced by
the phase generator, as shown in the timing dia-
gram

Since T9, the current source for capacitor C2, is
biased by the clock supply, the duration of the
phase pulses will always be a fixed percentage of
the clock periods (20% in this circuit).

The codnter/decoder consists ol two identical
decaties (Figure 3] 1o alluw two ievils of control in
the serializer. Each section contains a decade
couitter and decimal decoding. The input to the
second section is the clock frequency divided by

INTEGRATEO CIRCUIT PARTS COUNT
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FIGURE 2. System Clock and Phase Generator/Buffer
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FIGURE 3. Countm/Decodet

ten. A shift counter was used (rather than aripple
counter) because it requires no feedback, any state
can be decoded by a single two-input NOR gate,
and operation is more reliable since it is synchro-
nous, with all outputs changing at the same time.

The serializer converts the pattern set by the
toggle switches into a serial bit stream that is then
stored in the accumulators at the 100 kHz load
rate. Using two levels of multiplexing as shown in
Figure 4, only 20 rather than 100 decoder outputs
(and therefore decoding gates) are required.

The accumulator recirculates a bit pattern until
the load command becomes a logic 1, at which
time it accepts a new bit pattern (The MM582
steering circuit functions like a single-pole,
double-throw switch.) The “load command’’ must
remain true for at least 100 clock pulses to ensure
complete loading, and the circuit of Figure 5 uses
any one of the “tens’ signals to achieve this. To
load a new pattern, the switch Is closed to clear
the flip-flops. The “B’ flip-flops will output a
“load command’’ until two pulses have been re-

tH 1
g CH 11
e
0 €
CH 9 :
ETW COMMUTATING
GATES
o O,
bt U1
b coureur
- <z
t—'.(uu
FIGURE 4 100 Channel Multiplexer Using

Two Levels of Switching All
MOS Gates Are MM451

ceived. The second pulse switches the B output,
disabling the “load command’’ and inhibiting any
further state changes in the registers. Loading is
accurate regardiess of switch noise or bounce or
the length of time the switch is depressed.

Any of the subsystems may be used in other apph-
cations, and complete data sheets on all the MOS
elements are available
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FIGURE 5 Load Command Generatot
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PICK THE

DECODER -
DRIVER...

HIGH CURRENT LAMP DRIVER-UP TO

§0MA4

- gm - ®
Di G ] C AT 0 R REGISTERED TRADE MARK

A complete line of display readouts and decoder/drivers

Y, DISCON CORPORATION

KP.O.BOX 9355 x FORT LAUDERDALE, FLORIDA 33310
PHONE: (AREA CODE 305) 565-5511
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Our story starts
with a very
superior
polyester film.

To which we
add exceptional
dimensional
stability.

|

1%

The best dimensional stability of any
polyester film. An independent testing lab,
DeBell & Richardson, Inc., tested calibrated
lengths of Celanar and other polyester
films at temperatures from 73F to 120F

for over 24 hours. When measured, other
films showed up to 77% greater thermal
expansion than Celanar film.
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And greater
strength.

Celanar is the strongest balanced biaxially
oriented plastic film commercially available.

117 \___ Tobringyou
[ =1l Celanar Film
i with a
N il combination
l Hilll of properties
— = unsurpassed for
= HI= =1|| electrical uses.

Celanar polyester film offers a balance of
electrical, mechanical, thermal and chemical

An d in s U I ati o n properties that make it your best choice for

applications from flexible circuits to wire-

g wrap.Want proof? Just mail the coupon.
resistance.  C_ T

Celanese Plastics Company
Dept.133.S, P.O. Box 629
Linden, N. J. 07036

Yes, | want all the facts about Celanar
film for electrical applications. And
send me a FREE set of gratings printed
on Celanar. (Laying one on top of the
other produces Moiré patterns that
confound the eye.)

An outstanding property of Celanar
filmis its high insulation resistance over
a wide range of temperatures. Celanar
has superior electrical properties,
including excellent dielectric strength,
dielectric constant and dissipation
factor. Good reasons why Celanar is
widely used as an insulating material
in electrical insulation applications.

———————————————_—ﬂ

Name Title
Company.
Address
City State Zip
CELANESE
PLASTICS COMPANY
Celanese®
Celanar®

L———————————_—_———J

Celanese Plastics Company Is a division of Celanese Corporation,
L & N N N N N N __§N __§N__J}
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lower
attenuation...

it

8" diameter flexible HELIAX® coaxial cable

8" Air dielectric HELIAX coax extends the advantages of

flexible cable to very low attenuation or very high power
applications that formerly required rigid transmission line.

Corrugated inner and outer copper conductors accommodate

thermal expansion without the need for sliding contacts. End
connectors mate with 6%” EIA flanges and lock inner and outer
conductors together to eliminate differential expansion.

The continuous, connector free cable assures freedom from
the VSWR “’spikes’* associated with the periodic innerconnectors
of rigid line in a long feeder. Cable assemblies can easily be elec-
trically tested on the reel to assureyour exact system performance.
For complete details write Andrew Corporation, 10500 West 153rd
Street, Orland Park, lllinois 60462,

HJ 10-50 HELIAX COAXIAL CABLE

higher
power

At 30 MHz At 600 MHz
Attenuation .027 dB/100 ft .15 dB/100 ft
Average Power 300 kW 58 kW
Other Power For SS8, 200 kW PEP with TV transmitter power ratings,
Ratings antenna VSWR of 3:1 223 kW at Channel 4 and 70 kW
2 Megawatts Peak at Channel 35
———p TSN e .
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Navy sets last talks
with Cains bidders

NASA cuts back
spinoff program

Air Force to seek
bids on transport
and fighter Aids

Washington Newsletter

September 30, 1968

The final bidders’ conference for the eight companics competing for the
Carrier Aircraft Inertial Navigation System (Cains) will be held next
month in Washington by the Naval Air Systems Command. The contract
will be to build six prototypes of a system aligned through a radio-fre-
quency data link between an aircraft carrier’s inertial navigator and an
aircraft [Electronics, Oct. 30, 1967, p. 44]. The Navy wants to reduce the
long warmup and alignment times needed for present systems and to
eliminate the umbilical cables now cluttering flight decks.
The contract will be for the inertial systems only, since the Naval

Air Development Center has found a way of modifying existing r-f gear
aboard an aircraft. This modification will probably be done by the
manufacturer, Radiation Inc., in a separate contract. The pact for Cains,
which includes an option for 11 more, should be signed by the end of the
year; a production contract is expected to follow six months later. The
Navy hopes to make Cains the fleet standard by 1975.

The eight bidders are: Autonetics, the AC division of General Motors,
General Precision, Honeywell, Lear Siegler, Litton, Northrop’s Nortronics
division, and Teledyne.

NASA’s office of technology utilization, caught between a lack of Federal
funds and a lack of interest on the part of most industry, is dropping two
of its eight Regional Experimental Dissemination Centers. The office,
whose job is to oversee space technology spinoffs, now plans to vigorously
promote the centers still operating in the hope of spurring industry to
use them more.

The regional center at Wayne State University in Detroit has been
cut back to a library operation, and the center at Midwest Research
Institute in Kansas City will cease operations altogether next month.

Space agency officials are still optimistic about the program, but one
says, “Industry hasn’t scratched the surface of what we have to offer.”
Computers at the centers search through hundreds of thousands of
technical documents from Government agencies to provide tailored
packages of information for companies that pay a fee to defray expenses
[Electronics, Jan. 22, p. 111].

The Air Force Systems Command will start the ball rolling later this year
on two more Airborne Integrated Data Systems (Aids), one for the C-141
transport and the other for the A-7D fighter. But a lack of money still
hinders the entire effort.

A bomber version of Aids, which monitors all subsystems in an air-
craft to detect malfunctions, is now being assembled by Garrett under
a $1.93 million Air Force contract awarded earlier this year after several
years of study [Electronics, May 27, p. 50].

A request for proposals will be issued in the next month or two for the
integration and testing of the Aids for the C-141. This will be a computer-
based system and much more extensive than the versions tried out in two
earlier C-141 programs. The new test project could lead to a contract to
install Aids throughout the entire C-141 fleet.

Industry proposals for the A-7D version will be asked toward the end
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Next Intelsat 3 try
seen 3 months away

AT&T plan gains,
but objections rise

Army plans to buy
light mine detector

Washington Newsletter

of the year. But a lack of funds will probably force the Air Force to

specify only propulsion tests and to exclude on-board computers.
Companies expected to bid on one or both of the contracts include

Bendix, Garrett, GE, Honeywell, IBM, Lockheed, and Teledyne.

Comsat will have to wait at least three more months to find out how the
Intelsat 3 satellite does its job. The second model isn’t scheduled to be
delivered by TRW Systems, the prime contractor, until late November,
and it doesn’t now look as if it can be launched until January at the
earliest.

Comsat was counting on the first Intelsat 3, destroyed at launch Sept.
18 by a malfunctioning booster, to relay televised accounts of the Olympic
Games in Mexico City next month. Now the Intelsat manager will have to
use existing circuits on the Early Bird and Intelsat 2 craft, plus circuits
leased from NASA on the ATS 3.

Making even January look chancy for the next launch is the tight
Apollo schedule at Cape Kennedy and the more-than-usual testing that
will have to be done on the long-tank Thor Delta booster, which failed
in its maiden flight for Comsat. Comsat is anxious to get its first world-
wide satellite system—made up of Intelsat 3 craft—operating before Intel-
sat members meet next year to renegotiate the agreement governing
the 61-nation consortium.

There definitely won’t be clear sailing for AT&T’s effort to require a
$2-a-month black box between “foreign attachments” and Bell lines.
The FCC, which this month rejected AT&T’s appeal to reconsider the
landmark Carterphone decision, is allowing AT&T to file the new tariff,
effective Nov. 1. But this does not mean the commission will accept it
as final [Electronics, Sept. 16, p. 33].

Opposition to the tariff is building up, and there’s a good chance the
FCC will modify it or even throw it out altogether. The National Retail
Merchants Association has filed a vigorous objection to Ma Bell's pro-
posal. Other groups of companies seeking to hook computers and other
foreign devices to telephone lines are expected to join in. Their argu-
ments will stress that the black-box proposal isn’t in line with the FCC
position, expressed in the Carterphone decision, that Bell has no monop-
oly on interface technology.

Procurement of a new lightweight mine detector—the first major im-
provement in such gear since World War II—will begin next year. The
AN PRSA detector will weigh only about eight pounds, compared with
the 56 pounds of the current model. The Army Mobility Equipment Com-
mand is expected to ask for bids early in 1969 on the first production units.

Litton’s Amecom division, working under a $100,000 development
contract, designed and built the prototype. Made with integrated cir-
cuits, the new model can distinguish better between false and true tar-
gets. Details are classified, but the Litton unit, like the old one, uses an
inductive-bridge technique and is expected to cost a little less than the
existing unit, now priced at about $600 in production quantities.

Another advantage: the mercury hattery in the new detector will
operate for about 20 hours; the carbon battery in the current unit lasts
only about eight hours.
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*0.005%
REGULATION

The QRC solves the
size / power / regula-
tion problem by combin-
ing all silicon, low-voltage
series regulator circuitry with
high-speed transistor switching
techniques.

Sorensen High Performance QRC Series:

The QRC Series covers a wide target area without performance
trade offs. Standard features include excellent regulation for
voltage and current, fast response time (=<25usec.), and sur-
prisingly small size for power outputs to 1200 watts at ambient
temperatures to 71°C.

Some laboratory power sources offer high power levels, but
are bulky and, by today’s standards, are unregulated. Others
offer excellent regulation specifications, but are inefficient and,
if high-power levels are desired, become large heat sinks.
Sorensen QRC’s are high efficiency, compact power sources
which have excellent performance characteristics with prices

starting at $325. Seven models are available from stock, cover-
ing the range of 0-40Vdc at currents to 30 amperes.

Additional features resulting from the utilization of sophisti-
cated regulation techniques include low ripple (<imV r.m.s.);
output voltage and current resolutions of 0.01% and 0.05%,
respectively; remote programming in both the voltage and cur-
rent modes; remote-sensing and a solid state automatic-

crossover indicator.

Contact your local Sorensen representa-
tive or: Raytheon Company, Sorensen
Operation, Richards Avenue, Norwalk,
Connecticut 06856, TWX 710-468-2940.

for more data on this versatile instrument . . . Call Sorensen: 203-838-6571
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COMPONENT CAPSULE

New 3 amp
hermetic A15
replaces costiier
rectifier diodes

GE now offers a higher
rated companion fo its
field-proved, 1 amp Ald
rectifier at a signifi-
cantly lower cost than
other stud or lead
mounted units (depend-
ing upon configuration).
The Al5 is rated 3 amps
at 70°C and the 200 to
800 volt models are

transient
tected up to 1000 W for
20 xS in reverse direc
tion

Al5's dual
design means low ther-

voltage pro-

heat sink

mal impedance. Easy
adaptation of axial leads
to PC boards reduces in-
stallation cost below
stud mounted units.

Both the Al15/Al4 are
hermetically sealed in an
all-diffused, glass passi-
vated junction structure.
No internal cavity means
more resistance to en-
vironmental stresses . . .
thus increased reliabil~
ity.

High-power Al5 is
now available through
GE distributors for ap-
plications including
power supplies, battery
chargers, TV damper di-
odes, communication
equipment and small
portable appliances. Cir-
cle Numbsr231.

Microwave Circuit
Modules reduce design
cycles and improve
syster performance

While producing lower

overal costs, these de-

sign bznefits result from:

e Optimum integration

of active devices in
package form

® Over two decades of

microwave circuit
development

® The industry’s most

Microwave
Circuilt
Moduies
(MCM)

advanced tube tech-
nology
MZ2M’s used as: oscil-
lato's, amplifiers, multi-
pliers, detectors, mixers,
etc. Available in a vari-
ety of individually de-
sigred configurations.
Ccmpare MCM features:
* Stable frequency per-
formance in severe ad-
verse environments
* Small size and light-
weights—as low as 1
cubic inch and 2
ounces with high pow-
er to volume ratio
* Fast warm-up—3 sec-
onds or less capability
* High performance from
a single active device
(3E is your one source
for full R&D backup,
critical testing experi-
ence and facilities and
ar unequalled output of
highest performance ac-
tive components includ-
ing coaxial and planar
gridded tubes. Circle
Namber232.

New benefits from GE’s
hermetically sealed
reed relays

Glass to metal seals and
steel housing now pro-
vide true hermetic en-
closure for reed relays.
The GE 3SBN reed re-
lay has:
o Increased sensitivity
e Immunity to mag-
netic interference
effect

e Very low thermal

New 35 BN

emf's in contact cir-
‘cuits
® Protection of con-
tact capsules and
coils, because of
rugged construction
® A lower weight than
plastic  encapsula-
tion
This new relay comes
in Form A, 1-6 poles and
Form C, 1-5 poles and is
only 0.350 inches high.
The relay is available
in a wide range of sys-
tem voltages and s
ideally suited for print-
ed circuit board appli-
cations.
For more information
Circle Number 233.

New low-cost
miniature indicating
lights ideal for limited
space applications

GE's new, low-cost CR-
103HE indicating lights
are only 1'); inches long
and mount with a speed
nut in a %; inch diam-
eter hole — perfect for
applications where space
is at a premium.

Flush and cylindrical
lens types are available.
The cylindrical lens pro-

">

'/ CRIO3HE

trudes only %, inch, and
is ultrasonically welded
for maximum strength.
Both are available in
four lens colors: clear,
amber, red and white.
Four body colors are
available: gray, white,
beige and black.

The standard light has
a b inch lead stripped
¥ inch, but special
lengths are available.
Leads are staked into
the body of the unit to
insure that no move-
ment takes place inside
the light.

The CRI103HE is UL
listed for 120V, 240V, and
460V, and is ideally suit-
ed for applications where
visual display and ap-
pearance is important.
For more information
Circle Number234.

GE computer-grade
capacitors offer
over 12

farad at 5 volts

New GE 86F500 High-
Capacitance computer-
grade capacitors now
provide up to 540,000 uf
at five volts (34,000 uf at
100 volts) in a single
case.

These enlarged-capac-
ity units are excellent
choices where large
blocks of capacitance

L

86F500s

are required—as in pow-
er supply filters, for ex-
ample. 86F500 units are
rated for continuous op-
eration at 65C or at 85C
with proper voltage de-
rating.

GE's new computer-
grade capacitors provide
highest capacitance per
case size, high ripple
current capability, low
ESR, long shelf and op-
erating life.

Units are available in
nine case sizes—diam-
eters 13%” to 3", with
lengths up to 8%"—for
operation up to 100 VDC.
Circle Number 235 on
your reader service card.



Versatile GE
meter relays are
ideal for hundreds
of applications

Including: temperature
control, equipment over-
load protection, “go—no
go" production line test-
ing, and alarm sounding
for a pre-selected value.

Accurate, repeatable
control action over the
entire scale is possible
because there are no
contacts on the unit’s

Big Look® Meter Relay

indicating pointer to
cause mechanical inter-
ference. All units feature
automatic ON-OFF reset
control action. They eas-
ily adopt to manual reset.

No amplifier necessary.
The unit's solid-state
switch is connected in
series with the coil of
the load relay which op-
erates it directly. Stan-
dard 120-volt a-c opera-
tion means no special
power supply is needed.

The unit's “piggyback”
control plug-in  module
design saves installation
time, and eliminates the
need for separate mount-
ing.

For complete informa-
tion about this meter
relay and GE’s full line
of panel meters Circle
Number 236.

Computer tape reel
drives—one of
many applications
for these motors

The excellent commutat-
ing ability, fast response,
and long insulation life
of GE 3'%,, 43, and 65
diameter fhp motors

meet computer tape reel
demands for continuous
duty, low maintenance,
and reliability. And, ap-
plications don't end
here.

<8

D-C Reel
Drive Motor

Stall torque ratings
from 3 to 120 ounce-feet
and higher and various
motor  voltages span
many application needs.
This means these d-c
motors can be custom
tailored for almost all
peripheral equipment
needs.

Special mounting
flanges, brake mounting
arrangements on the
commutator end, and
shaft extensions can be
furnished to your re-
quirements. Also avail-
able: cooling air duct in-
lets at convenient loca-
tions. For more data,
Circle Number 237,

Here's your key
to low cost voltage
stabilization

Every GE voltage stabi-
lizer supplies constant
output voltage to within
+1%, even with input
fluctuations up to 15%.
For special economy,
core-and-coil units pro-
vide the lowest cost
voltage regulation ob-

tainable. They help meet
require-

tight space

AC VYoltage Stabilizer

ments, make wiring con-
nections easier, and pro-
vide all the mounting
flexibility you can ask
for.

Voltage stabilizers are
available in rating from
15 to 15000 volt-amperes
in both standard and
custom-designed models.
Ask your GE sales engi-
neer for publication
GEA-7376 or circle maga-
zine inquiry card Num-
ber238for details.

Fill your needs for
sensitive temperature
control with

GE thermistors

Want extreme sensitivity
to relatively minute tem-
perature changes? You
get it with GE thermis-
tors (temperature-sensi-
tive resistors). These de-
vices also have tempera-
ture-compensating capa-
bility.

High sensitivity and
small size make GE

thermistors ideal sensors
for SCR and transistor-
ized controllers.

Operation over a wide
temperature range per-
mits thermistors to com-
pensate the combined
effects of copper wind-
ings and temperature-
sensitive electromagnet-
ic core materials.

GE thermistors are
available as elements or
in a wide variety of probe
assemblies to suit your
applications. Circle Num-
ber 239for more facts.

New circuitry

combines TVG's
in pairs for easy
HV crowbarring

New developments in
firing circuitry now make
it convenient to crowbar
high-voltage power sup-
plies by utilizing GE's
companion Triggered
Vacuum Gaps in tandem.

And what's more—at-
taché-case size sensing
and firing circuitry is
now possible. A unique
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g 5 °
"‘.3 E A
.l:.‘nll- t‘ T
8
s

(

pulse transformer allows
fault sensing at ground
potential, even where
the TVG trigger is at high
negative voltage.

Use General Electric’s
ZR-7512/13 TVG combi-
nation shown in the
sketch for protection at
45-KV, or other combina-
tions covering from 300
volts to over 75 KV. For
more information Circle
Number 240.

FOR THE NEW IDEAS IN ELECTRONICS, look to General
Electric—your best single source for electronic components.

ELECTRONIC COMPONENTS SALES OPERATION

GENERAL @3 ELECTRIC



Three-quarters of your next
digital system is on our shelf.

Fairchild has enough MSI and LSI building blocks
on the shelf to produce 60 to 80 percent of any
digital logic system you have on the drawing board.

Since last October, we’ve introduced nine
versatile MSIs and nine unbelievable LSIs. Designed
specifically to work together. And, together,
they do more jobs than a hundred ICs.

Our MSI fundamental building blocks do the work
of shift registers, counters, decoders, latching circuits,
storage elements, digital multiplexers, etc. The LSI
building blocks serve as comparators, function
generators and dozens of other complex functions.

To tie the whole thing together, we make
Micromatrix ™ arrays that serve as interface circuitry
for all our building blocks. The arrays can be
customized for virtually any function in any digital
system. They can even be used as fundamental
building blocks themselves,

‘We also make MOS LSI fundamental building
blocks: read-only memories, parallel accumu-
lators, A/D converters, you name it. And,
we have the interface devices that make
our MOS devices compatible with CCSL.

Fairchild MSI and LSI building blocks
are available in both military and industrial
temperature ranges; in hermetic DIPs and Flatpaks.
You can buy them from any Fairchild distributor.
MSI BUILDING BLOCKS*

9033 Sixteen-Bit Random Access Memory
9034 Two Hundred Fifty Six-Bit Read-Only Memory
9300 Four-Bit Universal Register

9301 One-of-Ten Decoder

9304 Dual Full Adder

9306 Up/Down Counter

9307 BCD to Seven-Segment Decoder
9308 Dual Four-Bit Latch

9309 Dual Four-Input Digital Multiplexer
9312 Eight-Input Digital Multiplexer
9328 Dual Eight-Bit Shift Register

LSI BUILDING BLOCKS®

Bipolar

4510 Dual Four-Bit Comparator

4610 Dual Two-Variable Function Generator

MOS

3501 1024-Bit Read-Only Memory

3750 Ten-Bit D/A Converter

3751 Twelve-Bit A/D Converter

3800 Eight-Bit Parallel Accumulator

3801 Ten-Bit Serial/Parallel-
Parallel/Serial Converter

LSI CUSTOM ARRAYS®

4500 DTL Micromatrix Array
4600 TTiL Micromatrix Array

THALAEEECITTITY
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OK.What about Linear?

We don’t know how much of your linear system

we have on the shelf. It depends on your design.
Our Second Generation linears are so versatile, they
may be all you need to build a whole system.

Or, at least half.

We have a family of Second Generation linear ICs
that will serve as fundamental building blocks in any
linear application.We have a temperature-controlled
differential preamp
that replaces chopper-
stabilized and FET
input amplifiers, We’ve
developed a frequency
compensated operational _
amplifier that doesn’t
require external stabili-
zation components. We’ve

linear. And the first linear with an N-channel FET

directly on the chip. And many other devices designed

to take circuit designing out of systems designing.
See your Fairchild salesman or distributor.

He’ll give you the whole story. Digital and linear.

LINEAR BUILDING BLOCKS*
©rAT722 Programmable D/A-
A/D Converter Current Source
#AT23 Precision Voltage Regulator
1 A727 Temperature-Controlled Differential Preamp
2 A741 Frequency Compensated Operational Amplifier

*The devices listed here are those introduced by Fairchild as of
Aug.15,1968. More are on the way. Keep watching the trade
press. We’re introducing a new IC every week for 52 weeks.
Fairchild Semiconductor, A Division of Fairchild
Camera and Instrument Corporation,

313 Fairchild Drive, Mountain View, California 94040

Eame D (415) 962-5011/ TWX: 910-379-6435
=== ==
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BELDEN...new ideas for moving electrical energy
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Belden’s systems savvy is
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no big deal

It’s a lot of little deals, that add up to
something big. Like lower costs. Fewer
production headaches. Enhanced prod-
uct reliability. By poking and probing
into your product’s electrical system
and the way it's manufactured and
used, Belden Wire Systems Specialists
may be able to suggest a wire or cable
that costs less. Or that lasts longer, or
that takes up less space*. Or maybe
they’ll suggest a different put-up that
saves you assembly time. Or a solution
to a stripping problem. They’ll also
offer you one responsible source for all
your wire needs. Because we’re the

L

people who make all kinds of wire for
all kinds of systems. So if you’re mak-
ing plans or having problems, get your-
self a good deal. Call or write: Belden
Corporation, P.O. Box 5070-A, Chicago,
Illinois 60680. And ask for our catalog,
and the reprint article, ‘*Key Questions
and Answers on Specifying Electronic
[0F:1) T- gt

"For example: Beldfoil® shielding in
Belden cable. It isolates conductors
better than anything yet. And it’s
thinner. You can pack more conduc-
tors into a conduit . . . hold down size
and weight. 52
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It's a complete
line -

an endless line
of Helitrim® |
cermet trimming |
potentiometers
with a current
field failure rate
of only 0.08%

And all have essentially infinite
resolution. Plus a wide range of
standard resistance values. And
excellent setting and total resis-
tance stability under a wide
range of environmental extremes.
Helipot stocks almost 2 million
trimmers in a wide range of
models and values at 13 stock-
ing locations. All to fit your every
need—whatever it is. To fit your
budget-list prices from $1.75.
And to assure you immediate de-
livery—anywhere in the U.S. and
in Canada.

For more details on “the endless
line” of cermet trimmers, con-
tact your local Helipot sales rep-
resentative. He'll tell you all
about cermet reliability, fill you
in with all available test data and
personally handle your Helitrim
orders.

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA « 924634

VIENNA

MEXICO CITY. STOCKHOLM;
-

Circle 72 on reader service card
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September 30, 1968 | Highlights of this issue

Technical Articles

Dynamic IC parameters

needn't be ignored
page 74

Hybrid computers |
For the tough ones
page 86

Hybrid computers li
Choosing a system
page 91

SCR's with
regenerative gates
page 96

Home video
tape recorders
page 102

Designers of digital systems need no longer make do with
static tests of integrated circuits. The inadequacy and high
cost of dynamic testing gear have kept most time-dependent
parameters beyond reach of inspection. But new techniques
and equipment are making it easier for the designer to ensure
that IC’s in a fast, complex system will live up to their specs.

Doing simulations piece by piece is like looking through the
slits in a fence: you can’t see all the action. The hybrid com-
puter puts you right on the playing field; it can take on the
whole project at one time, yielding a stream of answers. Hy-
brid machines thrive on tough engineering problems that
require more speed, capacity, and accuracy than analog and
digital machines can supply alone.

The hybrid machine’s ability to display an
entire situation—as shown on the cover—
makes it ideal for some simulations but
doesn’t by any means put analog or digital
computers out of the running. Deciding
which type of system to use requires study
of many criteria, including the size of the
problem, the amount of speed and memory
needed, programing costs, first cost, and
ease of modification. Hybrid systems can enhance most of the
advantages of the other types—such as the analog’s speed and
the digital’s memory—but they also negate some.

n

SCR’s do a fast burn when too much current is applied too
fast. But a new kind of SCR can take up to 600 amps per micro-
second by using a voltage drop generated at its emitter lip to
turn on more of the chip sooner. And this regenerative-gate
process can be triggered by a simple, low-cost circuit.

Looking for a low-cost vtr? Forget it! Fixed-head home video
tape recorders, perennially just around the corner, will never
turn that corner until the problems of limifed bandwidth and
high tape consumption are licked. Even then, it will be hard
to sell these machines without standardized tapes and inex-
pensive companion color cameras that consumers can use to
record something besides tv broadcasts.

Microwave ferrites

Electronics | September 30, 1968

Coming

The world of ferrites is explored in a new Electronics series
covering how the materials are grown, their unique properties,
and their many uses in today’s microwave systems.

73



Instrumentation

Dynamic IC testing made easy

Checks of fast, complex digital circuits have too often been limited
to static parameters, but needn’t be with new techniques and equipment

By Gordon C. Padwick

Fairchild Instrumentation, Sunnyvale, Calif.

From one nanosecond to the next, the internal state
of a digital system is constantly changing as its inte-
grated circuits interact in a complex pattern of on
and off states. It is, in other words, a dynamic sys-
tem. And the faster the changes happen, the greater
the system designer’s need for adequate data on the
dynamic behavior of the IC’s.

Such data hasn’t been easy to come by. Until
recently, the designer had to rely on static data
almost exclusively, inferring whenever possible
what the dynamic behavior would be.

Static tests of IC’s are fairly simple and straight-
forward: steady-state voltages and currents are ap-
plied to certain terminals of the IC, and at the same
time, the resulting voltages and currents at the other
terminals are measured. For digital IC’s, static tests
ensure that steady-state fan-out, noise immunity,
and power dissipation meet the specifications.

Dynamic tests, on the other hand, measure the
time-dependent parameters—propagation and tran-
sition times in a gate and setup and release times in
a flip-flop, for example.

There may be some correlation between static
and dynamic parameters in such simple IC’s as
diode-transistor and resistor-transistor logic gates.
In DTL, propagation delay is largely a function of
the output pull-up resistor in the IC and the exter-
nal capacitive loading. By statically measuring the
pull-up resistance for a given load, the propaga-
tion delay can be qualitatively predicted; if the
resistance is high, the delay will be high, and vice
versa. No such simple correlation exists for the
more complex transistor-transistor and current-
mode logic, however.

Knowledge of dynamic values remains essential
to the system designer even in a system that op-
erates at a repetition rate several orders lower than
the capability of its component IC’s. Malfunctions
can occur if the dynamic parameters aren’t what
they should be. Excessive propagation delay in a

74

gate can cause race conditions, in which even the
simplest logic function can get out of synchronism
with the system. Incorrect setup and release times
in a flip-flop can prevent a shift register from oper-
ating correctly.

If dynamic tests are so important, why aren’t
they used morc? Why have manufacturers (in their
data sheets) and users (in their incoming inspection
specifications) emphasized static parameters so
strongly? And when a dynamic parameter is men-
tioned, why is it specified at 25°C only? The main
reason is that dynamic testing equipment—espe-
cially that for checking at the high and low tem-
peratures essential for complete characterization—
has been expensive and inadequate.

For example, patch-panel wiring was required for
each test; when the test was changed, the wiring
had to be changed too. And the long leads needed
to contact IC’s in environmental chambers added
error to high-speed measurements.

Fortunately, programable dynamic measurement
systems and improved environmental chambers
have recently become available from several
sources, so dynamic parameters need no longer be
ignored. The important dynamic parameters of dig-
ital IC’s are described here, and are related to sys-
tem functions. Although the examples deal spe-
cifically with TTL circuits, most of them are equally
applicable to DTL, RTL, and CML. The gate and the
flip-flop will be considered separately.

Two delays

The most important dynamic parameters of a
gate are its two propagation delays. One is the de-
lay t,;+ between a falling input and a rising output,
the other delay t,;_ between a rising input and a
falling output (the polarity sign in the subscript
indicates the direction of change of the output).

The system designer needs both minimum and
maximum values of propagation delay. The max-
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imum value determines the number of gates that
can be connected in series hbetween two clocked
states. Both minimum values are needed to avoid
race conditions in the design of the logic system.

(Race conditions exist when a pulse arrives too
early or too late relative to another pulse. For ex-
ample, when two pulses from two sources go to an
AND gate, they don’t arrive simultaneously because
their paths have different propagation delays. If
one pulse is delayed by the excessive propagation
delay of a gate it passes through, the AND gate
doesn’t reach its desired state by the time it’s used.
Similarly, if one input arrives too soon because the
propagation delay in its path is too short, it can
change the gate’s output too soon.)

Whether it’s minimum or maximum, or whether
the output is rising or falling, propagation delay
can be specified in two ways, shown on page 76, and
the values yielded by each are not necessarily the
same. It can be defined in terms of a percentage—
that is, as the interval from the time the input to
the gate is, say, 50% between its high and low
levels to the time the output is at a certain per-
centage between its high and low levels. Or it can
be defined in terms of voltage—that is, the interval
from the time the input passes through a certain
voltage to the time the output passes a certain volt-
age. The second definition is preferred, because
when the typical threshold voltage is used as the
reference, the measured propagation delays are

more representative of operation in a system.

For meaningful and repeatable measurement, all
the factors that affect propagation delay must be
specified and reproduced. The principal factors are:

= Input high and low levels

» Input transition time

® Output load (does it have resistive, capacitive,
inductive, and nonlinear components?)

» Temperature

= State of unused inputs

Some older IC specifications have avoided defin-
ing the high and low inputs and the input transition
time by having the device under test driven by
another “typical” device of the same type. Such
measurements always depend to some extent on
how typical the driving circuit is; they do ensure
that the conditions represent the system, but cor-
relation of measurements in different locations is
difficult. In fact, this type of measurement causes
significant differences between measurements by
the manufacturer and the user.

The current trend is to define the conditions—the
input high and low levels in volts and the transition
time in nanoseconds. The disadvantage of this
method is that the IC is driven from a constant low-
impedance source, even though in a system the
source impedance changes—sometimes drastically
—during the transition.

Probably, then, both types of test are needed. For
specification, when reproducibility is essential, the

Dynamic parameters in a system

A typical system configuration can show how an
important system parameter, the clock frequency,
depends on dynamic parameters of the IC’s.

A flip-flop releases information through a number
of gates in series to the input of the second flip-flop.
As the clock input C; to the first stage changes from
the high to the low state, information begins to
propagate from the master stage to the output of the
slave. This information is then propagated through
the chain of gates and eventually arrives at the input
of the second flip-flop, where it must be present for
at least the setup time before the clock input C.
changes state to allow information to enter.

Thus the minimum allowable time between the
two clock pulses is the sum of the minimum clock
pulse width ty., the maximum propagation delay of
the flip-flops tyar, the maximum propagation delay of
the chain of gates t,qz, and the setup time t,, of the
second flip-flop.

; —ir
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input should be driven by a known voltage source.
But when the user wants a detailed understanding
of the IC’s performance in the system, it’s more
meaningful to drive with the same type device.

The same problem and the same criteria apply
to the output load. To represent system perform-
ance, the propagation delay should be measured
under both minimum and maximum load. And the
capacitance of the interconnection wiring should be
accounted for as part of the load.

Unused leads

Input leads not needed for the test can strongly
influence the propagation delay measurement, par-
ticularly in fast devices such as TTL gates. The con-
dition of unused inputs—left open, connected to a
used input, or, in the case of DTL and TTL, con-
nected to a high voltage—should be stated in the
IC specification, because each condition will give
different propagation delay values. Unless there is
a good reason for doing otherwise, connecting the
unused inputs to a defined high voltage is recom-

mended, because this is how the IC is used in the
system. For TTL, this voltage should represent the
high logic level of the IC’s interconnected in the
system—3 volts, for example.

External leads that connect to an internal node
of the IC must also be considered. Examples are the
DTL 930 dual four-input gate and such TTL circuits
as Motorola’s MC2013 dual AND/NOR gate; these
circuits have fan-in extension terminals that must
remain open unless, of course, they are used for
extending the number of inputs.

These extension terminals are connected to high-
impedance points in the circuit, where any capaci-
tive loading affects the propagation delay. Even if
the leads are just soldered to a printed-circuit
board, they will add capacitance to the circuit.
Similarly, inserting the IC into a test socket for
measurement adds capacitance. So, to obtain re-
producible measurements, the capacitance at these
fan-in extension terminals should be defined in the
test system. This is particularly important in high-
speed TTL circuits, less so for the slower DTL.
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Two ways. Propagation delay can be defined in terms of percentages (top) or voitage levels (bottom).
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Master and slave

A typical flip-flop contains two bistable circuits; a
“master” and a “slave.” Both can be set to the 1
state by an input to the preset terminal of the IC
and to the 0 state by an input to the preclear termi-
nal. For TTL circuits, PS and PC are normally
either at a high level or open. Setting the flip-flop
to 1 or 0 requires a low input to either PS or PC.

In normal operation, the information is presented
to the flip-flop at the J and K terminals. This infor-
mation is set in the master bistable circuit and trans-
ferred to the slave bistable circuit by a pulse at the
clock (C) input. In the circuit shown at bottom, the
input information is accepted by the master bistable
stage when the clock input is low and transferred to
the slave stage when the clock input is high.

Toggling. Usually, there is feedback from the out-
put of the slave stage to the input of the master
stage. This allows the flip-flop to toggle (change state
once for every cycle of the clock input). With feed-
back, the flip-flop acts as a binary frequency divider,
since the output frequency is half the clock-input
frequency.

[

|
o |

The waveform represents toggling; it shows how
the output of the slave stage causes the master to
change state as the clock input changes from high
to low, and how the output of the master causes the
slave to change state as the clock input changes
from low to high. This toggling action can be modi-
fied if information from an external source is pre-
sented to the J and K terminals.
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All parameters of an IC depend on the tempera-
ture of the silicon chip, and propagation delay is
no exception. This temperature is determined partly
by the ambient temperature and partly by the
amount of power dissipated in the chip and the
thermal resistance between the package and the
environment. The difference between the tempera-
ture of the chip and that of the surrounding air
may be insignificant for low dissipation devices
such as DTL, but it can be considerable for higher-
dissipation TTL. And it’s significant indeed for very
fast CML circuits, some of which have an extremely
high dissipation. The best way to establish tempera-
ture for testing is to define the ambient tempera-
ture and apply power to the IC briefly before making
the measurement. This procedure allows the in-
ternal temperature of the integrated circuit to reach
equilibrium.

Power dissipation is also important from another
viewpoint. Most IC specs define the power dissipa-
tion under static conditions, but dynamic dissipa-
tion, which can be much higher, is rarely specified.
Yet the system designer has to provide a power
supply adequate for the devices. Power dissipation
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should therefore be measured with the IC switching
at the system rate.

Rise and fall

The system designer arranges the connections
between IC’s in such a way that the output pulse
edges are transmitted without ringing or oscillation.
The faster the rise and fall times of the IC’s, the
greater the precautions the designer must take, so
the minimum rise and fall time should be specified.

Like propagation delay, t, and t; can be defined
in terms of either percentages or voltages. Most
specifications use percentages (that is, the time re-
quired to pass through the 10% and 90% levels).
This is an unfortunate choice, because such a defi-
nition doesn’t represent the system conditions and
makes it unnecessarily difficult to get reproducible
measurements. Usually, it's better to define t, and
t; as the time needed to pass between the high and
low threshold voltages.

When percentages are preferred, however, the
specification writer should let the type of IC being
tested determine the reference points rather than
automatically choosing 10% and 90%. With CML,
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No errors. The measurement system should not intro-
duce more capacitance than specified and its rise time
should be shorter than that of the IC's.

which has only a small difference between the high
and low logic levels, using 20% and 80% prevents
errors that might result from the rounded bottom
of a rising waveform or the rounded top of a falling
waveform.

The equipment itself

The basic setup for measuring propagation delay
and output transition time includes a pulse gen-
erator, a test socket, a load, and a measurement
circuit as shown at top. The pulse generator should
have controls for pulse amplitude, offset voltage,

INPUT TO PRESET OR
PRECLEAR TERMINAL

s

:[:/

T

Q OUTPUT

N

Q OUTPUT

—_——— — e — JL————

-
-
ol

/

Preset and preclear. The propagation delays from
PS to Q, PS to Q, PC to Q, and PC to Q are
measured independently.
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rise time, and fall time, in addition to the usual
ones for frequency, pulse width, and delay. The
measurement circuit is usually a sampling oscillo-
scope or a digital instrument using the sampling
principle.

The test socket deserves special attention. It
should provide connections to the input and output
terminals of the device without introducing meas-
urement errors. For high-speed IC’s, it must allow
the pulse generator’s output to be terminated close
to the IC’s input terminal and at the correct output
impedance, usually 50 ohms. And the capacitance
the test socket introduces at each terminal of the
circuit must be exactly as stated in the specification.

The measurement probe, too, must be very close
to the terminals of the circuit. CML circuits are
often specified for a 50- or 100-ohm load and there-
fore don’t require a high-impedance probe, but TTL
and DTL do. Ideally, the probe should have no off-
set voltage and no offset-voltage drift; alternatively,
there should be some means of compensation.

The over-all rise time of the measurement system
—from the pulse generator, through any relays to
the test socket, and back through the relays to the
measurement circuit—should be less than the times
being measured. Otherwise the rise time measured
will be that of the system, not the IC under test.

Additional dynamic measurements, principally
concerned with noise, are sometimes wanted:

= Input changes that shouldn’t affect the output
can cause undesirable output transients. This prop-
erty of some types of gate is frequently ignored, but
it can cause noise problems in a system if it’s not
controlled. For a TTL NAND gate, a test can be
made to ensure that while onc input remains low,
changing another input from low to high doesn’t
cause the gate’s high output voltage to fall mo-
mentarily by more than a specified amount.

» Multiple gates on the same chip can interact
if the voltage-supply or ground metalization is im-
properly designed. A test can be made to ensure
that no transients occur on the output of one gate
when another switches.

One of the undesirable features of TTL is the
current spike that occurs in the positive supply as
the device switches. This is a major source of noise
in a system. Devices should be checked—at least
during evaluation of a design—to make sure that
the current spikes are within manageable limits.

Flip-flop tests

Despite the variety of IC flip-flops, the dynamic
tests on all of them are similar. The tests measure
propagation delay, output transition time, synchro-
nous timing, and such parameters as noise im-
munity, noise generation, and power dissipation.

For DTL systems, the 945 flip-flop, widely avail-
able, has become an industry standard. There is no
standard TTL flip-flop, however, so the system
designer and the spec writer must thoroughly un-
derstand the device they’re working with. But since
the Fairchild TTpL 9000 J-K flip-flop is as repre-
sentative a TTL as any, it can serve as an example.
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(The 9000 behaves like the basic flip-flop described
in “Master and slave” [p. 77], but it has three
J inputs, three K inputs, and a J-K input, and the
clock input is inverted.)

Two types of propagation delay are specified for
a flip-flop: that from the clock terminal to the result-
ing output at the Q or Q terminals, and that from
the preset and preclear inputs to the outputs.

To characterize preset and preclear delay, four

measurements are required: PS to Q and Q, and

PC to Q and Q, as shown on page 78, bottom. All
the factors that affect propagation delay in gates
also apply here.

In most types of TTL (Sylvania universal high-
level logic, SUHL, is an exception), the preset and
preclear inputs control both the master and slave
bistable stages. Only the propagation delay to the
output of the slave stage can be measured, how-
ever, since no output terminals are available from
the master stage.

When the delay from the preset or preclear termi-
nals to the output is measured, the clock input
must be in a state that does not interfere with the
PS and PC inputs (for the 9000, this means that the
input to the clock terminal should be low).

Measuring the recovery time of the PS and PC
inputs will indicate how soon after PS or PC has
returned to a high level the flip-flop can be reliably
toggled—made to change state once every cycle—by
an input to the clock terminal. Two pulse generators
are nceded for this test: one to provide an input to
the PS or PC terminal, the other to introduce a clock
pulse at a specified time after PS or PC returns to the
high level. The output of the flip-flop is examined
to see if the device has switched correctly.

The clock’s edge

In normal operation, of course, the flip-flop is
driven by clock pulses, not by PS or PC pulses.
Whether it changes state depends on its previous
state and the state of the J and K inputs before

CLOCK EDGE |
[ 'co I
' |
Q OUTPUT |
l
| I
|
]
T
I
Q OUTPUT :

ted !

Clock delay. The propagation delay from the clock
edge input to the Q and Q outputs should be measured
as the flip-flop switches from 0 to 1 and 1 to O.
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Before and after. The setup and release times
indicate by how long the J and K information must
precede and follow the clock edge.

and during the transition part of the clock pulse.
In the 9000, the master bistable stage changes state
when the clock input changes from a low to a high
level. Subsequently, as the clock changes from a
high to a low level, the state of the master stage
is transmitted to the slave. In certain other flip-
flops, the functions of the high and low clock levels
are reversed. As with the PS and PC delays, regard-
less of the IC, only the delay through the slave
stage can be measured, since no outputs from the
master stage are available.

At least four measurements are needed to char-
acterize the clock-to-output delay, as shown at bot-
tom of this page. As the flip-flop switches from 0 to
1, the propagation delay between the clock input

and the Q and Q outputs should be measured, and
these two measurements should be repeated as the
flip-flop switches from 1 to 0. Ordinarily, this is
done for both light and heavy loads, for a total of
eight measurements.

Even though propagation delay through the
master stage can’t be measured directly, it’s easy
to make sure that the delay is not too long by
simply seeing that the flip-flop operates correctly
at the minimum specified pulse width. To make this
test, first set the flip-flop at a known state by the

.PS or PC input. Set the J and K inputs at the state

that will make the flip-flop switch when a clock
pulse is applied. While these conditions are being
set, hold the clock input at a level that prevents
information from being transferred into the master
stage; for the 9000, this means holding the clock
in the low state. If the flip-flop operates correctly
when the minimum-width pulse is applied, informa-
tion will be transferred into the master stage as the
clock pulse goes from low to high, then trans-
ferred to the slave stage as the clock returns to the
low level. Therefore, if there is an output, it’s
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Askew. The time separation between clock edges at
two adjacent flip-flops should not be greater
than the propagation delay minus the release time.

safe to assume that the propagation delay through
the master stage is less than the width of the clock
pulse.

Repeating this procedure for decreasing pulse
widths shows what minimum pulse width will per-
mit information to be set in the master stage;
this measurement indicates the minimum noise
pulse width that the circuit is susceptible to.

Setup and release

Descriptions of flip-flop operation often say that
the state of the J and K inputs determines whether
the device switches during the clock-pulse transi-
tion. This description is somewhat oversimplified,
because it doesn’t take into account that the J and
K inputs change. So it’s necessary to ask how long
before and how long after the clock-pulse transi-
tion the J and K inputs must remain constant. The
setup and release times, as shown on page 79, pro-
vide the answer.

The setup time is the interval that the J and K
information must be present before the clock tran-
sition. The release time is the interval after the
transition that the information must be present.
Release time can be either positive or negative; a
negative value means that the J and K information
can be released before the clock transition.

The actual values of the setup and release times
can’t be measured directly; tests are made on a
pass-or-fail basis. The ] and K information is pre-
sented to the flip-flop in the form of pulses suit-
ably timed with respect to the clock edge; that is,
present for a period equal to the setup time before

the clock edge and for a period equal to the release
time after the clock edge. If the device operates
correctly—if it switches to the state defined by the
J-K inputs—it meets its setup and release time
specifications. Precise values, if needed, can be
determined by reducing the time difference between
the J-K pulse and the clock pulse incrementally,
until the IC just operates.

Since setup and release times affect the master
stage only, there’s no need to load the outputs of
the flip-flop during the tests.

System parameters

In addition to the basic flip-flop parameters, re-
lated system-oriented parameters are sometimes
specified. Depending on how the flip-flop will be
used, it may be better to measure system-oriented
parameters and omit the basic ones.

One such system parameter is clock skew. When
only a few flip-flops are connected as a shift regis-
ter, their clock inputs can usually all come from the
same source, and the clock transitions at two ad-
jacent flip-flops occur simultaneously, for all prac-
tical purposes. But with a shift register containing
more flip-flops, more than one clock source may
be needed, so there’ll be a time difference between
the clock edges at some adjacent stages. This time
difference is the clock skew.

The maximum allowable clock skew is the mini-
mum propagation delay less the release time of
the IC, as shown above. If the skew exceeds this
maximum, the driven flip-flop, when the clock edge
arrives, may change its state to the post-clock rather
than pre-clock state of the driving flip-flop. If this
happens, the information will pass through two or
more stages of the shift register instead of just one
stage for each clock pulse.

Another system-oriented parameter is the maxi-
mum toggling frequency of a frequency divider,
which is a flip-flop with its outputs cross-coupled
to its J and K inputs, either internally or externally.
The maximum toggling frequency is the maximum
clock frequency that will allow the divider to switch
reliably, once for each cycle of the clock input.

Maximum toggling frequency is a function of the
maximum propagation delay, the setup time, and
the minimum clock-pulse width. As the clock input
changes from the high to the low level, the state of
the master stage begins to pass into the slave. After
a certain time (the propagation delay), the output of
the slave reaches its final state. Since these outputs
arc connected directly to the J and K inputs in the
frequency-divided configuration, the outputs must
be present at the inputs for at least the setup time
before the clock reverts to the high level (in the case
of the 9000) for the master stage to switch correctly.
And to ensure that the master stage accepts the in-
formation at its J and K terminals, the clock pulse
must remain high for the minimum -clock-pulse
period. Thus, the minimum period of the clock input
wave-form is the sum of the maximum propagation
delay, the setup time, and the minimum clock-pulse
width.
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Circuit design

Designer’s casebook

Collector clamping
improves threshold detector

By Brian Fugit

Westinghouse Electric Corp., Baltimore

Fast rise and fall times, low hysteresis, and a stable
reference voltage are possible in a threshold
detector when the zener diodes used for reference
voltage can also act as the anti-saturation elements
of a switching transistor.

When the threshold level of D; is exceeded, diode
D, and zener diode D. conduct and clamp the col-
lector of Q; at a voltage determined by the relation

Vc=V3_(V1+V2)
where V.=collector voltage of Q,

Vg=zener voltage of D; (6.8v)

V,=forward drop of D, (0.7v)

V,=zener voltage of D, (5.6v)

For the values shown, the clamp point is 0.5 volts.

This clamping level is solely a function of the
two zeners and one diode. By choosing zener values
which set the voltage level just outside the tran-
sistor’s saturation region, the turn-off delay,
associated with charge accumulation in the base
region, is eliminated.

The mechanism by which the collector is clamped
out of saturation is based on the constant voltage
characteristic of diodes and zeners. Excess base
current is bled off by D; and D, to maintain the
Vee of Q. above the preset level. At the clamp-
voltage level, D, and D are on the verge of conduc-
tion.

OUTPUT

o SIGNAL

IN752A

IN754A

DA

I
LAY

2N2369

Since dense current accumulations are not swept
in and out of the transistor, rise times of 30 nano-
seconds and fall times of 35 nsec are possible.

The circuit is also temperature-stable by proper
selection of components. Zener D; is matched to
the base-emitter junction of Q, for a near-zero
temperature coefficient; D; and D, are matched to
each other. The result is a circuit whose threshold
is insensitive to temperature variations. Since it is
in the base-collector circuit, D, prevents collector
current from flowing back into the base during the
turn-off time. Potentiometer R; was placed at the
input to establish the threshold level. The small
capacitor across Dj assists in sweeping any residual
charge out of Q,’s base region.

Circuit divides pulses
without binary counters

By Stanley Domanski
Burroughs Corp.,* Plainfield, N.J.

A divider or counter can be adjusted to give a
single output pulse for any number of input pulses

~from 2 to 90. The adjustment eliminates a binary
* Now with RCA, Somerville, N.J.

counter and a decoder.

Input pulses trigger a one-shot multivibrator
made up of Q; and Q- which generates a 150-micro-
second pulse. The pulse amplitude is clamped at
6 volts by D; and applied to the base of Q;, which
acts as a constant current source charging C;. As
long as the collector of Q. is high—above 6 volts
—Q; conducts and C; charges. When the collector
of Q, is low, the charge is prevented from leaking
off C; by Ds. Eventually, the charge on C; reaches
the firing voltage of Q4 and an output pulse occurs.

The number of pulses put into the circuit that
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are needed to produce an output pulse is deter-
mined by how fast C, charges through Q;. The rate
at which C; charges depends on the width of the
pulse from the one-shot multivibrator and the mag-

nitude of the current supplied by the constant
current source.

To achieve high resolution of the number of
pulses to be divided, R, should be a 10-turn pot.

Voltage adjustment extends
multivibrator’s pulse width

by Peter Schiff

RCA Electronic Comoonents & Devices, Somervillie, N.J.

Decreasing the capacitor charging voltage instead
of adjusting the RC time constant greatly extends
the range of possible variation in the output pulse
width of a monostable multivibrator. This avoids
the problems of maintaining constant collector cur-
rent while varying the resistance of the RC timing
circuit in conventional monostable multivibrators.

The charging voltage of timing capacitor C, is
adjusted with R,, a potentiometer in the collector
circuit of Q;. The width of the output pulse can be
calculated by equating the current in C, at the
end of the unstable mode, (V../R»), to the current
in C, at the beginning of the unstable mode, (V./
R2) (1 4 «), where « is the potentiometer factor,
Ry/(Ri: + Ryp), multiplied times the exponential

|

220} 7 pf

47k
|N17IGS

IN3754 ;@

2N3053

decay factor, exp (—T/Rz C,). This equation holds
under the assumption that resistor R. is much
larger than the parallel combination of the two sides
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of the potentiometer, Ry, and Rjy. The period then
is RZCI In (1 -l— a).

The resulting monostable multivibrator has an
adjustable range greater than 100:1. If both R, and
R, are varied, ratios greater than 1,000:1 can be
attained. The zener diode helps obtain a sharp,

consistent switching action for large ranges.

The circuit offers several advantages in addition
to greater range: adjustment of the pulse width has
little effect on the collector current of Qy; R» affects
the low and high end equally, and provides a suit-
able calibration control.

Bridge amplifier
provides isolation

By M.A. Hassan and T.A. Greinevitch

Atomic Energy Establishment, Cairo, Egypt

Two low-power transistors added to a bridge am-
plifier, separate input current circuits and insure
class B operation. The transistors, G; and Qe are
of opposite polarity to the bridge transistors.
When the potential of point A is positive with
respect to point B, transistor Qg conducts and pro-
vides base current to power transistors Q; and Q..
The magnitude of this current depends on the po-
tential difference between points A and B, and on
the value of R;, Rs, and R,. Thus the load current
will not directly depend on the value of the load
resistance—unlike the normal situation in a bridge
amplifier where the load resistance is an important
factor. Transistors Q. and Q3 don’t conduct because

transistor Qs has a reverse-biased emitter.

When the potential of point B becomes positive
with respect to point A, Qs will conduct and supply
base current to transistors Q. and Q3 while Qg will
have a reverse-biased emitter junction, keeping Q,
and Q; from conducting.

The load current is approximately proportional
to the difference between the potentials of points
A and B. The amplifier is phase sensitive and will
retain its class B mode of operation no matter what
the common mode potential. However, an upper
limit has to be imposed on load resistance R;—the
voltage across R; must not be greater than the
voltage difference between points A and B. If this
restriction were not placed on the amplifier, the
circuit would be driven out of the class B mode.

The amplifier, shown schematically, was devel-
oped to control a 100-watt direct-current motor
which positions control rods in a nuclear reactor.
The bridge circuit was used as the output stage of
a direct-coupled amplifier where isolation between
the amplifier’s input and output were required, and
high efficiency was necessary.

M/
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Now that you're going to buy
an ac voltmeter,

get hp's

extra measure of

Performance

Sonar, acoustics, audio response,
servo, communhnications measure-
ments — or ac to dc conversion
and amplification-these and
many more are yours with a
Hewlett-Packard 400-Series AC
Voltmeter!

The 400-Series Voltmeters are
wide bandwidth, average-re-
sponding, rms calibrated instru-
ments. They are solid state,
externally battery operabie,
ecuipped with the exclusive hp
taut-band meter.

Each of the instruments in the
400-Series is outstanding in fre-
quency, orsensitivityordBrange.
The 400E/EL voltmeters, for ex-
ample, have a broad frequency
range of 10 Hz to 10 MHz. The
400F/FL meters have 100 nV full-
scale sensitivity. They also have
a low-pass filter to take out un-
wanted high frequencies for
low-level audio mea-
surements.The 400GL
measures — 100 to + 60
dB for the greatest
range available in a
voltmeter.

How to choose the
right ac voltmeter
that exactly matches
your requirements?
Call your hp field en-
gineer, he can show
you the widest range
of these instruments
now available. Get ]
that hp extra measure
¢f performance in
your ac voltage mea-
surements !
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hp Model 400F|EL
for Broad-Frequency

Performance

The hp 400E/EL solid-state simple-
to-operate ac voltmeters give a wider
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frequency coverage than any other
comparable instrument! They cover
a frequency range from 10 Hz to 10
MHz and have a constant 10 MQ input
impedance on all ranges.

These voltmeters give exceptionally
long-term stability. Calibration is not
dependent on components subject
to aging.

Either Model 400E or 400EL can be
used as a wide-band ac voltmeter,
high-gain ac amplifier or as an ac to
dc converter.

The 400E has full scale accuracy of
1% on the linear voltage (upper)
scale. Lower scale is log dB. The
400EL has 1% full scale accuracy on
the linear dB (upper) scale. Lower
scale is log volts.

Option 02, available on both 400E
and 400EL, provides a front panel
relative control for a variable 3 dB
change in sensitivity on each cali-
brated range. This gives a convenient
level,such as 0 dB, for relative voltage
measurements. The control has a de-
tented position to insure calibration
accuracy.

AC-DC Converter:—The 400E/EL
Voltmeters provide a linear dc output
(1 Vdc for full scale meter deflection)
proportional to meter deflection
which can be used as a 10 Hz to 10
MHz ac¢ to dc converter, with an ac-
curacy of =0.5%.

PIRPLNP



Pick the 400E or 400EL when you
need broad frequency range perform-
ance. See table for comparative spec-
ifications.

hp Model 400F|FL
for High Sensitivity

Performance

In addition to the 100 uV full-scale
sensitivity, the 400F/FL
AC Voltmeters contain
a low-pass 100 kHz filter
for controlling the band-
width of noise—reduces
the effects of unwanted
high frequencies to give
you more accurate low-
level audio measure-
ments.

You get fast response
with these instruments—
areadingin less than two
seconds after turn-on—
and <2 secondsoverload
recovery, too!

The 400F has 0.5% full TOIRUREESN 5 o T
scale accuracy on the lin- o

ear voltage (upper)scale. ' o w0
Lower scaleisiogdB.The om
400FL has 1% accuracy “a° B

full scale on the linear 12
dB (upper) scale. Lower
scale is log volts.

Amplifier:—Models
400F/FL are stable, low
distortion, wideband ac
amplifiers, with a maxi-
mum open circuit gain of
80 dB. ACoutputis 1V rms (full scale)
‘open circuit, or 0.5 V rms into 600 Q
and is proportional to meter indica-
tion on voltage scale. Frequency re-
sponse: 20 Hz to 4 MHz. Noise level
<5 uV referred to input.

For general purpose low level au-
dio, servo, communications or sonar
measurements with low noise, choose
the hp Model 400F or 400FL AC Volt-
meter. Check the comparative speci-
fications in the table.

1 MEWLETT - PACKARO

hp Model 400GL
for Broad dB Range

Performance

With the —100 to 4+60 dB measure-
ments range (100 uV to 1000 V full
scale), the hp Model 400GL AC Volt-
meter is the instrument with the
greatest dB range—20 dB linear log
scale!

4006L AC VOLTMETER

1000 +80

100 KH2 L P FILTER

'—L

This voltmeter was especially de-

.signed to increase efficiency and

speed of acoustic and sonar measure-
ments. It can be used in calibration
laboratories because of its speed of
response, accuracy, high sensitivity
and low noise.

The 400GL also can be used as a
high-gain ac amplifier with 80 dB am-
plification.

HEWLETT .ip PACKARD

An extra measure of performance

Circle 85 on reader service card

When you need a ruggedly-built
=0.2 dBaccurate voltmeter for broad-
range dB measurements, hp Model
400GL is your best choice! See table
for more specifications.

hp Model 110744 Probe

The hp Model 11074A Voltage Divider
Probe (10:1 division ratio) provides
constant 10 pF with 10 MQ input im-
pedance atthe pointof measurement.
Probe and suitable adapter are usa-
ble with all the 400-Series AC Meters.
Price: hp Model 11074A Probe,
$45.00, plus adapter.

Pick Your
400E /EL 400F /FL 400GL
Frequency 10 Hz to 20 Hz to 20 Hz to
Range | 10 MHz 4 MHZ 4MHz
Sensitivity 1 mv-300 V _1 00 +V-300 V| 100 u\l_-lﬂl]l!V
db Range —72t0 +52 | —92 to +52 W —100 to +60
Low Pass
Filter No 100 kHz | 100 kHz
AC-0C
Converter | 1VatimA | No B No N
AC Amplifier | 150 mV/5092 | 1 V/600Q 1V/600Q
Price 400E: 400F: 400GL:
$310.00 $300.00 $290.00
400EL: 400FL:
$320.00 $310.00

Option 01: Available on 400E and
400F, puts log scale uppermost for
greater resolution in dB measure-
ments. Other scale options available
on request.

r DLCIDELS

. s

ssini@eacoan

For assistance in selecting the ac volt-
meter that best fills your needs, con-
tact your nearest hp field engineer—
he has full specifications. Or, write to
Hewlett-Packard, PaloAlto, California
94304.Europe: 54 Route des Acacias,
Geneva.
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Hybrid computers |

Three-way dialogue
yields solutions in depth

With analog and digital processors communicating with each other
and with him, an engineer can simulate all aspects of a problem,
change the variables at will, and receive a stream of answers

By George R. Marr Jr.
Consultant, Little Silver, N.J.

and Leo G. Noronha
Electronics Associates Inc., West Long Branch, N.J.

Hybrid computers thrive on the tough engineering
and scientific simulations that require more speed,
capacity, and accuracy than analog or digital ma-
chines can supply alone. The art of hybrid comput-
ing—the mating and programing of analog and digi-
tal equipment—has grown to the point where it’s
now applied routinely in these simulations. And it’s
also starting to find on-line applications in indus-
trial processes requiring continuous control by an
analog computer and programed control by a digital
machine.

Hybrid computing is especially suited to simula-
tions of entire projects rather than fragments and
to those requiring timely man-machines interac-
tion. Hybrid machines have been used in electrical
engineering for studies of antenna patterns, ion-
ospheric-ray tracing, and learning and recognition;
in chemical engineering for studies of kinetic curve-
fitting and tubular reactors; in aerospace and me-
chanical engineering, of vehicle launch paths, air-
craft adaptive control, and aerospace vehicle
re-entry; in nuclear engineering, of reactor design
and operational start-up; and in biomedical engi-
neering, of human body functions and heart and
brain wave patterns.

Dynamic differentials

Many applications have common requirements,
among them the solution of ordinary and partial
differential equations and the processing of data.

Ordinary differential equations can be divided
into initial-value and boundary-value problems. For
initial-value problems hybrid computation offers
two advantages. The analog part provides exact,
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fast, and simultaneous solution of sets of differen-
tial equations. And for highly nonlinear differential
equations, the digital portion provides high-accu-
racy multiplication and function generation.

A common technique for solving boundary-value
problems is to guess at the initial value, solve the
equations as an initial-value problem, compare the
given boundary condition with the computed value,
and then revise the initial guess. This procedure
is repeated until the solution is found. Because
the analog part of the hybrid can solve different
segments of the same problem at different speeds,
the iterative boundary-value technique can be im-
plemented in fast time, while the rest of the system
simulation is carried out in real or slow time. The
high-speed parallel logic in the hybrid can be used
to control the iterative procedure.

One approach to the solution of partial differen-
tial equations is to reduce them to a set of simul-
taneous differential-difference equations. All of the
equations are functionally identical, the only dis-
tinction being that the subscripts of the dependent
variable differ in each equation. This simply means,
of course, that each equation corresponds to a
different segment in time or space, depending upon
which variable has been retained as a continuous
variable.

If the equations are differenced with respect to
time, they can be solved in an iterative fashion on
a hybrid computer by time-sharing an analog cir-
cuit representing a single differential equation. The
iterative procedure would update the subscripts
from run to run, store the appropriate variables
in the digital computer, and seek interpolated
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Essentials. A hybrid computer has four main elements,
whose characteristics depend on system application.

values of the dependent variable from the digital
computer. This is called the serial method.

In the parallel method, the entire set of equations
is solved simultaneously, so a separate analog cir-
cuit is required for cach differential equation. The
parallel method may thus require 20 to 100 times
more hardware than the serial method. With a
large-sized, balanced hybrid system the parallel
method becomes practical for moderate-sized sets
of partial differential equations. Thus, with hybrid
computation, one can solve them in real time by
either the serial or the parallel technique.

Many research and development projects require
experimental measurements of continuously vary-
ing quantities, followed by statistical correlation of
the measurements. Often, as in studies of chemical
process equipment, a considerable amount of time
is required for the experimental system to be
brought to a prescribed state. A hybrid computer
is ideally suited for data reduction in this type of
work. Data can be correlated on-line, and unusual
effects or possible errors in the operating state of
the equipment can be detected and corrected im-
mediately, so a run never has to be repeated. In
sum, hybrid computers used in a data processing
mode can accumulate good data rapidly.

Best of both

The analog and digital parts of the hybrid com-
puter complement each other. The analog part lends
its greater speed to the solving of problems in a
time frame set by factors outside the computer; for
example, it can provide solutions fast enough to
keep up with human response time. The digital
part provides a larger memory and more precise
arithmetic and permits reproducible sequential op-
eration of itself, the analog computer, and the inter-
face.

It was argued and predicted for years that the
analog computer would be replaced by the digital
computer for scientific and engineering problems.
These discussions were meaningless. They missed
the point that analog computing provides two im-
portant and extremely fundamental computing
capabilities: continuous integration and parallel (or
simultaneous) signal processing.
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A single ordinary differential equation is solved
with one analog integrating amplifier, plus what-
ever algebraic components are needed to complete
the equation; a set of N differential equations re-
quires N integrators. The second problem will re-
quire a larger computer than the first, but the really
significant point is that on the analog computer the
two solutions are obtained in the same computing
time. What’s more, the computing time is selec-
table, in the range of 0.001 to 1,000 seconds, so
the analog timing can be matched to either the
time frame required for data acquisition or the
time frame acceptable to an engineer interacting
with a simulation.

Hybrid with logic

Analog computers have always used logical ele-
ments as programing aids. In early analog com-
puters, diodes and relays performed parallel rather
than sequential logic. Relays proved too slow when
analog time constants reached the microsecond
range. Further, a new class of problems requiring
sequential (or timed-by-logic) operation of whole
parallel circuits began to demand attention. Thus,
flip-flops, shift registers, monostables, and counters
were added to the AND, OR, and comparator logic
of the analog computer.

In commercial computers, the electronic aspects
of the analog-to-logic interface are all taken care
of. The programmer or engineer need only set up
the problem. For example, the amplitude of two
analog voltages can be compared to generate a
logic level that is differentiated, counted, and
eventually used to set an analog (diode bridge)
switch.

In the semantic sense, one could challenge
whether the analog-plus-logic is a hybrid computer.
In the practical sense, this type of machine should
be considered a hybrid because it was a forerunner
of and has many attributes of the larger hybrid
systems. Many problems have been and are still
being solved on the analog-plus-logic computer.

In one case, the logic simply operated differential
equation circuits seven times to ensure satisfaction
of a split-boundary condition. In a second example,
the logic implemented a complete multivariable

ANALOG
COMPUTER

INTERFA PARALLEL
ce LOGIC

Semihybrid. An analog computer paced by parallel
logic is a minimal hybrid system, but it can still
soive dynamic and optimization problems.
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Eavesdropping. A small analog computer can drive a
display showing a digital computer's real-time status.

optimization algorithm. In a third case, the same
optimization algorithm and associated analog cir-
cuits were immersed, as a subroutine, in a large
study of aircraft adaptive control.

Sizing up the hybrid

There are three distinct types of hybrid com-
puter systems, classified by whether the digital
computer is “smaller,” “equal to” or “larger” in
bandwidth than the analog computer. That is, rela-
tive to solution time, a “small” digital computer
has a cut-off frequency below that of the analog
computer.

This point can be clarified by imagining an ana-
log computer solving the equation for the tempera-
ture across a flat plate, with boundary values vary-
ing increment-by-increment as the investigation
proceeds. Each time the boundary and other pa-
ameter values are changed the analog computer
produces a new temperature profile.

During each of the analog’s solution periods, the
associated (small) digital computer reads and con-
verts 10 measurements of the profile.

Suppose, as is often the case, that the maximum
“frequency” of the digital computer is determined
by the speed of its input sampling and conversion
equipment. Say this maximum input speed is 200
measurements and conversions a second. Suppose
also that the solution period of the analog can be
set at 1, 0.1, 0.01, and 0.001 seconds. Ten readings
and conversions must still be made in each period.

During the 1l-second period, the readings can be
taken as slowly as 10 per second. Under these
conditions, the 200-conversions-per-second capa-
bility makes the digital computer larger in band-
width than the analog.

However, because the problem under investiga-
tion may need literally tens of thousands of runs to
make a complete evaluation, the analog would prob-
ably be run as fast as possible. Thus, during a
solution period of 0.001 second, the digital com-
puter system would have to read and convert 10,000

analog measurements in one second. For these con-
ditions, the digital computer is much too slow—or
small—for the analog.

In general, it can be said that small digital com-
puters yield medium-speed hybrid simulations. But
medium speed is no deterrent to the adequate simu-
lation of many types of problems. The small digital
computer brings other assets to the hybrid system
besides its arithmetic capabilities. Its logic, tied in
with the analog computer, can provide signal pre-
processing in data acquisition. And the small com-
puter can take over the previously time-consuming
problem setup and check-out.

The second type of hybrid computer is composed
of computers whose bandwidth is approximately
equal. The digital computer must then have such
versatile features as floating-point hardware and
automatic data channels.

The resulting balanced hybrid machine is power-
ful. Consider a simulation involving a set of non-
linear ordinary or partial differential equations that
must be solved to find a set of parameter values
yielding the best system performance. For a large
set of equations, as in a 12-variable control sys-
tem with 24 controller settings to be optimized:
the over-all solution may require 100,000 or a mil-
lion runs. The balanced hybrid system is the fast-
est way to get the answers; it is typically 100 times
faster than the best available digital computer,
which might by itself take 600 to 2,400 hours to
complete the project.

The third type of hybrid system has a relatively
small and limited-capability analog computer. The
value of this small analog increment to the digital
computer is the same as that for analog computers
in general: a problem must be solved in the time
frame of a real-time digital computer and, for large,
fast digital computers, this time frame can be quite
short and demanding.

Typical of this situation is the check-out of a
real-time digital computer program servicing ran-
dom interrupts and tied to sources of relatively
nonreproducible input data. There comes a time in
the check-out when piecemeal verifications of the
program and system no longer have meaning.

The whole system must run in real time, with
real data and real interrupts. Trying to find out
what’s happening by using the console of the digital
computer and other peripherals is like trying to
watch a football game through a slit in a fence.
There is a pressing need for a fuller view of the
actions of the core memory and registers.

For such an application, the analog computer
would be part of an information display that would
also require a digital-to-analog converter, one set
of digital control lines, and an oscilloscope.

The analog computer would permit the display of
digital-computer words or the status of interrupts
or of any other condition. It would also display an
analog bar graph of selected variables in the digital
computer. For example, the status word and one
of the variables could be brought up to date every
10 milliseconds.
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Modern hybrid computing systems have at least
one of four types of interface elements or informa-
tion routes. They are the parallel-bit interface, the
low-speed-word interface, the high-speed-word in-
terface, and the special interface such as the digital
coefficient attenuator.

Communications between computers

The parallel-bit interface consists of control lines,
sense lines, and interrupt lines of the digital com-
puter and the parallel logic of the analog com-
puter. Bits, transmitted in paralel, represent such
information as operating commands and status con-
ditions. The interfaces are connected to effect con-
trol of one computer over the other. The interface
consists primarily of a cable, a part of which is
terminated on the programer’s logic patch panel
of the analog computer.

All terminations on the digital side are physically
fixed but can be manipulated to a desired informa-
tion route by software. Analog-side terminations—
which might be fixed—sense the analog-console
mode (initial condition or operate) and perform
similar functions. The programatle (patchable) ana-
log terminations would be used, for example, to
signal an AND condition (high voltage and a posi-
tive slope) and initiate an interrupt of the digital
computer for automatic rescaling,

The low-speed-word interface routes information
through the operator’s console of the analog com-
puter. The functions of the interface include digital-
computer-actuated settings of potentiometers and
readout of all addressable analog signals.

Together with the fixed part of the parallel-bit
interface, digital computer software can then sub-
stitute for manual operation of the analog com-
puter in setup, check-out, operation, result-logging,
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and maintenance. Sophisticated software also al-
lows the symbolic addressing of the analog: the
single parameter change from A = 0.70 to A =
0.75 might lead to the automatic resetting of 10
potentiometers.

The high-speed-word interface is built around a
fast (30,000 conversions a second) and converter, a
scanner, and several d-a converters. This speed is
necessary to match the repetitive operation rates
possible in the analog realm where, say, 100 values
of 10 variables must be converted 10 times a sec-
ond, for a total of 10,000 conversions a second.

Time skew between variables during the fast
conversion cycle can be avoided by using program-
able logic and track-and-hold elements. All varia-
bles (voltages) are sensed and tracked. At a given
instant a HOLD command sent in parallel to all
track-and-hold elements freezes the voltages. Then
each variable is converted in sequence. Thus, the
logic and bit interface directs parallel-serial and
serial-parallel conversion, and the word converters
carry out the voltage-to-word and word-to-voltage
conversions. Both bit and word links have been
found necessary for efficient operation of the hybrid
system.

Special forms of analog-digital interface connec-
tions are important in certain applications. Among
these interface elements are the digital-analog mul-
tiplier, the digitally controlled limiter, and the digi-
tal coefficient attenuator.

In the multiplier, one side of an analog multiplier
is driven from the digital computer; the product is
an analog voltage. Performance is similar to that of
a d-a converter. In the limiter, an analog limit cir-
cuit is controlled by a high-speed digital-word con-
verter. The attenuator is the functional equivalent
of a digitally set potentiometer, but it can be set
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At Ft. Monmouth, N.J., mil-
itary pilots aid avionics de-
sign by “flying” a mock
helicopter driven by a hybrid
computer. The digital part
models the aerodynamics, the
analog part the avionics. The
facility includes six-degree-
of-freedom terrain cues. A
television camera moves to-
ward and away from a map
of the terrain, which rolls
past the camera to simulate
changes in altitude and speed.
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Terrain. Realism for flights.

Hybrid computer behaves like airborne helicopter and its avionics

blind, following
instruments
hooked to
hybrid system.

Coming in.
Simulated
helicopter
approaches
simulated
airport.

up much faster because it’s completely electronic.

What about the future? The distinction between
analog and digital equipment is already starting
to disappear, in hybrid systems and even in sepa-
rate analog and digital computers. Analog circuit
elements are much like digital elements in the sense
that analog-circuit time frames and physical dimen-
sions are compressing just as much as digital-circuit
time frames and physical dimensions.

Moreover, basic advances in electronics, such as
integrated circuits, will have their impact on hybrid
computers. Thus, multiple analog elements in one
package will replace the present single-analog-cir-
cuit packages, resulting in higher performance and
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“compiler-level” patching of the analog computer.

It’s virtually certain that the large-sized analog-
plus-logic computer of the future will include a
small digital computer. This should simplify analog
programing, which, except for patching, will be
done through a typewriter or card decks. The small
digital computer in the analog system will also
serve as the entire interface to a larger digital com-
puter to make up a balanced hybrid computing sys-
tem.

Coming from the other end of the hybrid spec-
trum, the large digital computer of the future will
contain a small analog computer that will provide
efficient man-machine interaction.

Electronics | September 30, 1968



Hybrid computers Il

Choosing a simulation system

Deciding whether to use a hybrid, analog, or digital computer requires study

of problem size, speed and memory requirements, and many other criteria

By Saul Shapiro

IBM Data Processing Division, Hawthorne, N.Y.

When it comes to simulation, analog and digital
computers can compete with each other. And the
hybrid computer, containing both analog and digital
machines, can compete with either type alone. No
one type is ideal for all needs. Hybrid systems en-
hance most of the distinctive virtues of analog and
digital computers but negate some.

Dynamic physical systems described by differen-
tial-equation models are typical of problems simu-
lated on early analog computers. Analog-computer
technology and equipment were gradually expanded
to enable them to simulate complex problems, such
as those represented by simultaneous partial differ-
ential equations and by mathematical expressions
related to optimization of continuous processes.

Some complex simulations require extensive
memory capacity to store interim solutions, and to
get this capability, and others as well, the digital
computer was used to augment the analog machine.

Paralleling the early efforts in hybrid computing
was the development of special programs that made
possible the simulation of continuous processes—
originally a monopoly of the analog computer—on
the digital computer. Digital simulation has found
great acceptance because it permits greater use of
a computer already available for other research and
business reasons.

Broadly speaking, any type of electronic comput-
ing system can be designed and programed to give
the same answer to a continuous simulation prob-
lem. But there can be significant differences in first
cost, programing cost, execution time, and the ease
with which the system can be modified for other
problems.

Analog and digital computers are organized dif-
ferently and handle mathematical variables differ-
ently. Analog machines are made from individual
computational elements that operate in parallel dur-
ing solution. The digital computer has fewer func-
tions, but they’re used over and over again during
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solution. That is, the digital computer operates in
discrete, sequential steps. The hybrid system, then,
can perform simultaneously in parallel and sequen-
tial modes.

The complexity or size of problems that can be
solved on an analog computer is determined, basi-
cally, by the number of components available in the
system. The more analog components, the larger
the problem that can be solved. The digital com-
puter, however, is limited by the time available for
solution. Roughly speaking, for a digital computer
of a given size, the more complex the problem, the
longer the solution time.

Machine organization also plays an important
part in how the two types of computers are pro-
gramed. Analog computers are programed by con-
necting or “patching” components needed for solu-
tion. In the digital computer, all necessary programs
for solving problems are stored in the machine, and
the programs are called into operation in sequence
as the solution progresses.

Mathematical variables on the analog computer
are continuous in time and represented by voltages
that permit, for example, integration based on the
electronic operational amplifier. Electronic integra-
tion poses no special problems.

Digital computers, operating in discrete time in-
tervals on quantized values, integrate numerically
—that is, they perform summation in successive
intervals. Because the time for solution is inversely
proportional to the integration interval, this interval
should be as large as possible, but not so long
that it will impair the accuracy of the solution to
the differential equation.

Numerical analysis is useful in determining the
integration procedure as well as the optimum inte-
gration interval. An empirical method, which usu-
ally works, is to start with a large integration inter-
val and halve it on successive runs of the problem
until no change is observed in the solution.
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Working together

Timely interaction between the user and his problem
is one of the main advantages of simulating a proj-
ect on a hybrid computer. New techniques and pro-
grams are being developed to make it easier for the
user to see the answers and to add new information
to the simulation in real time, see cover.

At the International Business Machines Corp., the
author, Saul Shapiro, heads a software team that
has developed an experimental graphic continuous
systems modeling program (csmp) for an on-line
interactive solution of differential equations. The
program incorporates both analog and digital dis-
plays individually or simultaneously on an 1M 2250
input-output terminal.

On the screen are four displays available during
solutions to the Van der Pol equation—a nonlinear

In any event, there is no question that digital
simulation requires special attention to integration,
whereas analog simulation does not.

The analog computer is faster than the digital
machine mainly because the analog integration is
continuous and partly because its operation is
parallel.

Analog computers operate within a relatively
small range, usually *=100 volts, so problem vari-
ables must be scaled to within these limits. This
task is complicated by the fact that the exact range
of the variables is unknown until solution time, and
scaling must be done beforehand. Often a trial-and-
error procedure, scaling is one of the most time-
consuming parts of analog-computer programing.

However, the digital computer, with a problem-
variable range of about 105, offers high-precision
solutions and doesn’t suffer from scaling problems.

Payoffs and penalties

Judicious programing of a hybrid system can take
advantage of many of the desirable features of both
the analog and digital computer. Basically, the hy-
brid computer can handle problems of much greater
complexity than either the analog or digital com-
puter alone. In a superficial way, the hybrid system
can be thought of as combining the analog’s speed
of integration with the digital’s logical, memory,
and arithmetic-subroutine capabilities. Neverthe-
less, as noted earlier, hybrid systems do negate
some of the desirable individual features of both
types of computers.

The hybrid’s over-all precision is that of the ana-
log computer (about one part in 10,000), not the
digital. And scaling of problems is necessary for
those parts of the problem run on the analog part
of the hybrid system.

Finally, certain types of errors peculiar to the
hybrid system result from the two-way conversion
—between the analog’s continuous variables and
the digital’s discrete variables—performed by ana-
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second-order differential equation that can, for ex-
ample, represent the output of a vacuum-tube os-
cillator with constant inductance and capacitance
but nonlinear resistance. I .

The problem variables—time, X, X, and X—are
tabulated in digital form in the upper left quadrant.
The upper right quadrant simultaneously carries
continuous displays of time versus the first deriva-
tive of X and time versus the second derivative of X.

The lower left presents a continuous plot of X
and its first derivative.

The lower right quadrant displays two parameters.
Above and below each parameter value is a line of
dashes. Touching the light pen to a dash over the
word raises the corresponding digit incrementally;
touching under the line reduces the digit.

log-to-digital and digital-to-analog converters that
link the two computers. The principal errors are
those due to quantization in conversion from con-
tinuous to discrete variables and to small, finite
time delays during this conversion.

Setting up and solving

The user of any kind of computational system for
simulation is concerned with two distinct phases:
a problem setup-debug phase and a problem exe-
cution phase that provides answers. The setup-
debug phase includes problem conception, transla-
tion of the problem into computer language, crea-
tion of computer-usable input, and the debugging of
test runs until a working model is achieved. Even
after the model is obtained, more insight into the
problem will probably call its modification.

The analog-computer block language, tailored
around analog components, has proven to be a pow-
erful programing tool for simulation of continuous
physical, chemical, and engineering problems repre-
sented by differential equations. Such equations
can be translated into this block language with a
minimum of training.

Digital-computer languages have traditionally
been harder to learn and use than the analog block
language, perhaps partly because it’s difficult to pro-
gram a continuous simulation problem in a sequen-
tial language. In the past few years, special
nonsequential digital computer languages have been
developed for simulation and have been generally
well received. Some are patterned after the analog
computer block language; others resemble conven-
tional digital computer languages such as Fortran.

On the analog computer, the creation of com-
puter-usable input calls for the patching of boards
to connect the components needed for the solution
and for the setting of attenuators to scale the vari-
ables. All this is done according to the problem’s
block diagram. On the digital computer, creation
of the input requires the punching of cards accord-
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ing to a program list.

Modern analog computers can have a feature
called automatic potentiometer setting. Automatic
pot setting means that digitaily coded data on
punched cards or tape drives a motor that sets a
pot to its properly scaled value. Manual pot setting
was time-consuming and tedious, but setting up the
digital computer required only a deck of punched
cards. But now that analog machines can have the
automatic pot setting, about all that can be said in
favor of the digital procedure is that cards are
cheaper and morc convenient than wired boards
for program storage. If a technician is available to
help set up the program, there is now substantially
no difference to the engineer whether a program
is prepared on a patch bay (wired board) for the
analog computer or a deck of cards for the digital
computer. But engineers who must do their own
program preparation seem to prefer the wired-board
method, because it directly relates programing ac-
tion to problem mathematics. However, a program
can be modified far more easily with a card deck
than with a wired board.

Programing errors—which have to be debugged—
can occur during the translation of the problem
into computer language and the creation of com-
puter-usable input for this language. Program de-
bugging is usually a major task in any kind of
system.

Most digital systems have an on-line printer, so
an advantage of digital simulation is the machine-
produced documentation, which serves as a valu-
able debugging tool. Such documentation is es-
pecially useful when errors have been made in
converting from problem language to machine-
usable input.

Patching, attenuator setting, and card punching
are all necessary for a hybrid system. The debug-
ging of a hybrid computer is much more compli-
cated than that of either of the other systems alone,
because it’s often hard to tell whether the bug is in
the analog or digital system, or in the data-conver-
sion links between them. Most of the programing
problems of analog and digital computers, then,
become even more formidable in hybrid computer
systems.

Getting the answers

Problem execution includes obtaining the com-
puter solutions and presenting them on output
equipment. The analog computer can be about 10
to 100 times faster than the fastest digital com-
puter system for solving problems of any complex-
ity. The speed of the hybrid lies between that of
the analog and of the digital, the exact value de-
pending on the characteristics of each computer
and how they’re matched to form the hybrid sys-
tem.

When accuracy is considered, however, it's not
so obvious which system is superior. By using ex-
tensive numerical analysis, the digital computer
can provide an answer that’s not only more accu-
rate but also fully repeatable. But numerical analy-
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sis can be expensive,

The analog computer’s accuracy depends on the
fixed accuracy of its components and the small
range of its variables. Accuracy of +0.01% is pos-
sible, but only if the variables never vary much
from their maximum value, usually 100 volts. 1f,
however, the variables range close to zero during
solution, the accuracy may drop to 10% or worse.

Computer-solution output can take several forms:
tables and graphs are most common. These may
be viewed as a cathode-ray-tube display or as hard
copy on on-line printers and x-y plotters. Tradi-
tionally, one of the strongest features of analog
systems has been the user-oriented input-output
equipment. Formerly, digital-system input-output
was less convenient for displaying answers to sim-
ulation problems, although the digital computer
could always produce tabular output on its high-
speed printers. Now, makers of digital computers
are also providing crt and plotter equipment as
input-output gear.

Tradeoffs

Setup, debug, and execution times vary consid-
erably between analog and digital computers, and
even between computers of the same type.

The ratio of setup and debug times for digital
versus analog versus hybrid might typically be
1:5:100. However, the execution-time ratio might be
100:1:5. Also important is whether the simulation
will be used once, or perhaps a few times, as in a
fairly well-defined development effort, or remain in
the computer for years for long-term, ever-expand-
ing investigations. And of course, each re-execu-
tion of the simulation will reduce the setup-debug
cost per solution.

Another criterion in choosing the type of com-
puter is whether real-time solution or outputs are
needed. Hybrid and analog simulations will often
yield real-time operation—performing calculations
and displaying them to, for example, a helicopter
pilot in an investigation of optimum landing pro-
cedures. The digital computer alone would be too
slow.

The simulation of a fixed-bed catalytic chemical
reactor on analog, digital, or hybrid systems can
serve as a good example of the factors involved in
the choice.

The reactor converts feed stocks to a product
with a more valuable chemical composition. The
true model of such a reactor is a set of partial dif-
ferential equations. The computation can be sim-
plified with little loss of accuracy by representing
the reactor with an N-by-M array of continuous
stirred-tank reactors, which are simpler to model.

The more stirred-tank reactors used to represent
the fixed-bed reactor, the better the approximation
and the solution. That is, the larger M and N are
made, the better the simulation. During the simu-
lation solution, the output of one stirred-tank re-
actor becomes the input of the following one.

The model of the stirred-tank reactor—that is, of
each element in the array—requires only two inte-
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gral equation, one solved for outtet composition, tne
other for outlet temperature.

Ci,j=f{¢i_1,j—Ci,j[l+kexp(E/Ti,j)]} dt

I = 3

where C is concentration, T temperature, ¢ inlet
concentration, y inlet temperature, and E, A, B, and
k are reaction coefficients. Each stirred-tank reac-
tor involves two integrations.

The analog-computer simulation requires a total
of 2MN integrators, all operating at the same time.
A fine-grid approximation would require over 1,000
integrators, more than are available on even the
largest analog-computer installations. For this eval-
uation an array of only 20 stirred-tank reactors (40
integrators) was simulated.

The hybrid simulation solves the same model,
but in a different way. Only one stirred-tank reactor
is simulated, by two integrators, in the analog com-
puter. The digital computer—connected to the ana-
log through two a-d and two d-a conversion
channels—programs the shared use of the two in-
tegrators through each element in the array and
calculates new initial conditions for the elements.

The hybrid method of solution of the M-by-N
array is to start with row 1, that is i = 1. Using
the known feed to the reactor, solve the two equa-
tions for j = 1, then j = 2, and so forth through
j = M. Once the response for each stirred-tank
reactor in row 1 is calculated, this value is used as
feed to the reactors in row 2, and the run is made
again. The entire procedure is repeated until i = N,
when the temperature and composition of the ma-
terial flowing out of the fixed-bed reactor are
known.

The digital simulation of the fixed-bed reactor
used the same model and procedure as the hybrid
simulation. To do this, the entire problem, including
the continuous integrations, was translated into a
digital computer input language [see “Working to-
gether,” p. 92].

The analog computer took several days to set up
and debug, and the solution, of course, was avail-
able in several seconds. The best model couldn’t be
simulated, however, because only 40 integrators
were available.

The hybrid solution, reached on an IBM 704/EAI
131-R system, took several weeks to set up and
debug, and the answer was available in five min-
utes. The setup-debug time can be justified for a
long-term study, and a five-minute solution time
may be just long enough for the investigator to
assimilate the results and arrange for a new run
with improved parameters.

The digital simulation on an IBM 360/40 took
several hours to set up and debug and—at best—
several hours to get one answer. Repeated execu-
tions could be too expensive.
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Solid state

This SCR is not for burning

It protects itseif from inrush currents of 600 amps per microsecond
by using a self-generated voltage drop to spread conduction rapidly

By Donald I. Gray

National Electronics Inc., Geneva, Ill.

Voltage and current ratings for silicon controlled
rectifiers have been on the rise, but until now
there’s been no answer to the problem of inrush
current. The devices will burn up if the current is
applied too rapidly, and this characteristic has
limited the speed of high-power SCR’s and made
them incapable of high-frequency operation.

No more. The development of a regenerative-gate
technique has resulted in an SCR capable of high-
frequency operation, with the upper limit increased
to 30 kilohertz from 10 khz.

The regenerative-gate method takes advantage of
the power losses that are inherent in SCR’s. Through
a contact on the cathode layer of the chip, a voltage
is picked off and fed to other areas to speed turn-on
throughout the chip. The technique eliminates the
need for expensive current limiters and complicated
trigger circuits to protect the SCR; the simplest low-
power firing circuits can initiate the process, and
the device protects itself.

It’s important to understand that an SCR, unlike a
diode, turns on slowly and has high switching
losses. Only one junction is in series with the load
in a diode, but three junctions must be turned on if
an SCR is to conduct.

Anatomy lesson

The normal side-fired SCR atop page 97 is a four-
layer device. The anode contact is connected to a
p-type layer (designated P.) above which is an
n-type layer (N2) and another p-type layer (P,).
The gate lead is connected to this top p layer
towards the outside of the chip, and there’s an
n-type diffusion (N,) in the center of the layer with
the cathode contact at its center. Thus the device
has three junctions: J; between the N; and P,
layers, J» between the P, and N. layers, and Js
between the N, and P, layers.

At the instant of turn-on, the charge at the for-
ward blocking junction, J;, is redistributed from
reverse bias to forward bias at the spot where con-
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duction starts.! The other two junctions become
reversed biased because of a charge redistribution
(lateral current) flowing through the lateral re-
sistances of the device. Increases in the lateral
resistances in an SCR reduce the switching speed.

Full area conduction—conduction of all of the
junctions across their surface areas—can’t occur
until each of the junctions is forward biased across
its whole area. In other words, to prevent burnout,
current can’t be applied faster than the junctions
turn on.

Complications

When a normal SCR is turned on, it will tolerate
an inrush of current—a di/dt—of about 30 to 100
amperes per microsecond, whether it’s a 15-amp or
400-amp device. The limiting factor is that any
SCR begins conducting at only one spot on the J;
junction. When the di/dt rating is exceeded at this
spot, local burnout occurs. And even at di/dt levels
slightly below the failure point, localized switching
heat reduces device rating, particularly at high
repetition rates.

One way to handle di/dt is to add components to
the anode circuit. Saturable and air-core reactors
have been used to limit current after turn-on; they
provide time for the SCR’s conducting region to
increase in area before a steep current occurs.?

One problem with the saturable reactor is
that if the current density is low during the reac-
tor’s delay period, the conducting region won’t
spread and all the current will still low through
one small area.® Therefore, an engineer designing
this type of circuit must consider the current during
the reactor delay period and the delay character-
istics of the reactor.

The added circuit elements thus complicate the
designer’s job and don’t improve the actual SCR;
they simply represent a tradeoff between circuit
and device performance.

To solve the di/dt problem rather than circum-
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vent it, manufacturers have tried a variety of gating
configurations other than the simple side-fire gate.
The ring gate, multiple gate, and center-fire gate
structures should all theoretically reach full area
conduction about twice as quickly as a side-fired
device, but, though technically ingenious, they
haven’t increased di/dt ratings appreciably.

Taking it on the lip

The regenerative-gate scheme takes advantage
of another physical characteristic of an SCR that
can be changed—the emitter lip. This is the portion
of the N; layer that isn’t covered by the cathode
contact and is nearest the gate contact on the adja-
cent p region.

SCR’s with large emitter lips are safe from di/dt
failure at low pulse repetition rates because the lip
initially limits the anode-circuit current.

However, the use of devices with large emitter
lips is limited by their long turn-on delay time to
circuits with low pulse repetition rates.

When a slow-rising anode current is applied to
a conventional SCR, the gate continues to supply
current to the device even after turn-on has been
started, as shown at right, increasing the initial con-
duction area. But when a fast-rising anode current
is applied as shown at right, the gate current is
reversed and the gate loses control soon after con-
duction is initiated. This reduces the rate of spread
of the initial conduction area and increases the
heating stress on the device.

All the anode current flows through the emitter
lip at the start of turn-on, producing a voltage drop,
as shown on page 98. It’s this self-generated voltage
that overwhelms the gate supply and causes a
reversal in the gate current. A high-power gate
drive, if kept within the limitations of the device,
can overcome this problem in SCR’s with moder-
ately high di/dt ratings—about 100 amps per psec.

But the lip can’t be eliminated. If the cathode
contact overlapped the N; layer, the gate current
would be shunted to the contact and the SCR would
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have to be triggered by amps instead of milliamps,
if triggering occurred at all. So if we're stuck with
the lip, why not use it?

At the start of turn-on, when all of the anode
current flows through the emitter lip, the structure
in the region of the lip can be thought of as a pulse
generator. The pulse output of the emitter lateral
resistance is equal to Vr/(R 4-r), where R is the
variable resistance of the conducting region, r is
the emitter-lip lateral resistance, and V is the anode
voltage.

During switching, the time that current flows
through the emitter lip is determined by the length
of the lip and the rate of conduction spreading in
the SCR. Through suitable geometry and diffusion
control, the voltage-pulse output can be adjusted
to vary over a wide range. The voltage pulse’s
amplitude, which is positive with respect to the
cathode contact, and its rate of rise both climb
with increases in voltage across the SCR and di/dt.

To take advantage of the self-generated voltage,
the pulse can be picked off the emitter lip, as
shown at left, and fed to points on the P; layer,
triggering those areas. Once conduction begins,
the SCR feeds itself more regenerated gate drive,
causing additional emitter spots to turn on; this
is the regenerative-gate action.

Just a little shove

The advantage of this system is that the regenera-
tive-gate supply is built into the SCR and adjusts
itself to the circuit di/dt and the voltage stress
imposed on the device. It’s not necessary for the
initiating gate signal to do anything more than
start conduction.

Since this type of SCR uses the initiating gate
only to start triggering, the problems normally
associated with gate-signal rise rate, pulse width,
and amplitude don’t have to be considered. After
the initiating signal, the job of turning on the SCR
is handled by the regenerative gates.

The gate sensitivity of the regenerative-gate SCR
is no different from that of a conventional device.
However, the regenerative-gate SCR can tolerate
the kind of spurious gate signals that could cause

Clockwise. In working device, emitter lip takes form of
12 spokes around cathode contact.
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failure in a conventional device.

The proper spot to initiate triggering is at the
gate edge of the emitter lip. The resistance of this
lip can be controlled by geometry and diffusion
techniques so that some current limiting occurs.
The resistance at that part of the lip where turn-on
is initiated is made higher than the resistance at
the other spots on the lip gated by the regenerative
signal so that the anode current is forced to take
a new path and is thus transferred away from the
initiating spot. In this way, the maximum tempera-

ture reached at any one spot in the device is kept
at a safe level. After turn-on is established, the
various lateral lip resistances are automatically
transferred out of the anode circuit, further reducing
losses.

Failure to ensure that resistance at the initially
turned-on spot is higher than at the other parts
of the lip results in a relatively slow transfer of
current to the regenerative gates, a situation that
can lead to local burnout at the turn-on area.

SCR’s with as many as 10 regenerative gates have

Geometric approaches

Attempts to improve scr performance have led to
several departures from the conventional configura-
tion, among them the center-fired gate, the ring gate,
and the multiple side-fired gate. But although these
structures provide some advantages over the normal
side-fired gate, they don’t appreciably improve the
scR’s ability to withstand inrush current.

The center-fired gate is theoretically supposed to
turn on around its periphery at the same time. It
doesn’t. Just as in the side-fired gate, more current
is carried at the initiating spot than elsewhere, and
local burnout is a problem. Though the center-fired
arrangement doesn’t boost a device’s di/dt rating,
it does cut the time needed to achieve full area con-
duction to nearly half that of the side-fire device.
This is an important advantage, particularly in high-
frequency operation within safe di/dt levels. And
this is where the structure is used.

The ring-gate setup seems a workable arrangement
since the gate area—a ring around the cathode con-
tact—increases as the contact is enlarged to handle
higher currents. But the ring gate, like the side-fired
and center-fired gates, takes the predominant part
of the inrush current in the area of the initiating

| spot. And it isn't as sensitive as the side-fired gate.

However, the ring gate theoretically would give
a huge area of conduction just after it's initiated
if a major part of the initial current could be carried
by spots other than the turn-on area. The fact that
no ring-gate, high-current device can be found in
manufacturers’ catalogs attests to the fact that no
practical method has been found to do this. But the
theoretical action of the ring gate can now be ap-
proximated by the regenerative gate.

Big shot. Multiple side-fire gates have been used

| to improve scr operation at high di/dt levels and
to reduce turn-on losses, but they require a larger
| gate signal, or “hard firing.”

The arrangement works best with either isolation
between gates, such as that provided by a pulse
transformer, or separate gate supplies—except when
very-high-power gating circuits are used. These
considerations add, of course, to the circuit design-
er's problems and expenditures. But for all this, the
multiple-gate configuration doesn’t increase the di/dt
rating. One spot will always turn on first and be in
danger of burnout. At safe levels of di/dt, the mul-
tiple-gate approach does reduce turn-on losses, how-
ever, and if the gates are on opposite sides of the
cathode contact, it can almost halve turn-on time.

GATE
CATHODE
p
CENTER GATE
CATHODE
GATE

RING GATE

GATE CATHODE

GATE

MULTIPLE GATE

Three strikes. Earlier attempts to shorten turn-on time
resulted in the center-fired, ring, and multiple gates.
All failed to increase di/dt ratings. However, the
center-fired gate structure is being used in low-power,
high frequency devices, and the multiple side-fired
arrangement cuts turn-on time in half.
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been made, and measurements show that all the
gates can be triggered at nearly the same instant.
Good load sharing is achieved by keeping the emit-
ter lateral resistance at each spot equal. This re-
duces the instantaneous temperature, the current
density, and the impedance of the device in propor-
tion to the number of spots turned on. Full area
conduction is reached very quickly and turn-on
losses are low.

Although a conventional SCR can be made with
multiple gates and operated so that one gate supply
initiates turn-on and a second, more powerful sup-
ply turns on additional spots a fraction of a micro-
second later, this arrangement doesn’t duplicate
the action of regenerative gates. For one thing, the
external high-power gate supply can add thousands
of watts to the device for a brief time. Also, the
multiple-gate conventional SCR cannot respond to
changes in circuit voltage and di/dt.

Commercial devices

The regenerative-gate concept has been verified;
10-spot, 110-ampere, 1,000-volt devices are now on
the market. They’ve achieved the 600-amps-per-
microsecond di/dt rating at 1,000 volts, 1,200 amps
peak, with a 125°C case temperature and a 60-hertz
repetition rate. They’ve also been operated at 300
amps per microsecond, 3,000 amps peak, with the
same case temperature and repetition rate.

Paralleling these devices is a simple matter;
the regenerative signal of one device can be used
to trigger others. It can also be employed as a tim-
ing signal or as an excitation source for oscillator
circuits.

Efforts to speed the turn-on of conventional SCR’s
by interdigitating their emitter structures have been
thwarted by gate-current reversal, local burnout,
and reduced gate sensitivity. These limitations have
been eliminated in regenerative-gate devices, and
the way is now clear for an interdigitated SCR such
as the one shown at the lower left.

This approach results in an cxtremely high rate
of conduction spreading. Interdigitated regenera-
tive-gate SCR’s have been built to evaluate the
concept, and they’ve readily achieved rise times of
0.3 psec to 1,000 amps and 10 psec to full area con-
duction; a conventional side-fired device with an
equivalent emitter area takes 20 usec to reach full
area conduction.

There’s no apparent reason why interdigitation
can’t be applied to very-high-frequency, high-cur-
rent devices. Megahertz switching speeds seem
reasonable with further device refinement.
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Consumer electronics

Waiting for a home vtr?
Don’t hold your breath

Markets prospects are clouded by the problem of heavy tape consumption
and limited bandwidth in fixed-head designs, the high price of helical-scan
recorders, and the lack of tape standards and companion color tv cameras

By John D. Drummond

Consumer electronics editor

“If we ever get the urge to try and produce another
fixed-head video recorder,” says an engineering
manager at the Ampex Corp., “we’ll just lie down
until the mood passes.”

After more than two years of fruitless develop-
ment work in this field, Ampex, the recording in-
dustry’s leading company, is understandably gun-
shy. And this wariness is shared by the Interna-
tional Video Corp., the number two firm in the
industry. But in some other quarters, hope for an
inexpensive, high-quality, home vtr seems to spring
eternal.

Many low-cost, longitudinal-scan video recorders
have been demonstrated over the years, but each
demonstration has been prefaced with the promise
that a new head “under development” would vastly
improve picture quality and reduce tape consump-
tion in time for production “next year.” That next
year hasn’t come yet. None of these machines is
yet available from a dealer. But while many com-
panies have become disillusioned, a few continue
their development efforts in the hope of capturing
what they see as a potentially huge consumer mar-
ket.

The problems faced by the developers may be
insurmountable. For having thus far failed to pro-
duce a fixed-head home vtr that can record and
play back a limited-bandwidth monochrome pic-
ture on a standard monitor with good resolution,
they are now being asked to design a low-cost
machine that can handle color programs. The ad-
vent of color television has magnified the major
disadvantage of fixed-head units: the high tape
speed required to recover each megahertz of reso-
lution.

It’s clear that broad new concepts must be ap-
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plied within the constraints of basic magnetic
recording laws if a truly wideband, low-cost video
recorder is ever to be developed. And it is con-
ceivable that an engineer with a flair for innovation
could come up with a simple solution to the com-
plex problem of putting microwavelengths of in-
formation on a slow-moving tape.
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Magnetic recording. The reproduce head gap continuously
spans a portion of the signal (A) recorded on the moving
tape to produce an output voltage. For frequencies at
which wavelength equals gap width (B), head
magnetization remains constant and no output voltage is
generated in the head.
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Unlike audio recorders, which can cover the
audio frequency spectrum at a nominal speed of
about 7% inches of low-cost tape per second, fixed-
head vtr’s require expensive tape moving at speeds
of 160 ips or more to achieve even a very marginal
performance level.

However, with their simple electronic circuitry
and tape transport, the fixed-head, longitudinal-
scan design appears to be the best prospective
candidate for low-cost recording. The advantages
of a simple tape-threading path are considerable.
For one thing, head-to-tape tracking is easily
achieved. Costly servocontrol systems are used in
rotating-head recorders to synchronize the rota-
tional velocity of the spinning record-playback head
with the longitudinal position of the tape, but fixed-
head vtr’s need only a capstan that runs at a uni-
form rate since the recording is continuous.

The obvious disadvantages of the fixed-head de-
sign—outside limited frequency response—are high
tape consumption, difficulties in moving tape at the
speed necessary to achieve even limited bandwidth,
rapid head wear, poor picture stabilization, and
poor signal-to-noise ratio. Before the potential of
fixed-head video recording is realized, these prob-
lems must be overcome.

Some optimistic manufacturers predict that fixed-
head home recorders will someday be produced
cheaply encugh to be retailed at about $300 to $400
for black-and-white models and $1,000 for color
versions. This would compare with the present
$1,000 to $3,000 for helical-scan monochrome re-
corders and $5,000 to $6,000 for color units—prices
considerably beyond the reach of most consumers.

False alarms

The Mastercraft Electronics Corp. of New York
created some ripples in the consumer entertainment
industry last year with its announcement that it
would soon be offering a $695 recorder and monitor
made by the Maruwa Electronic & Chemical Co.
of Japan. But only a crude demonstration prototype
has shown up so far, and its performance is far
from impressive.

The next bit of excitement was generated by the
announcement late last year that Japan’s Akai
Electric Co. would be exporting a $450 fixed-head
recorder and monitor to the U.S. in December
[Electronics, Nov. 27, 1967, p. 187]. But none of
these machines have yet been shipped, and Akai
last month announced that it was suspending pro-
duction “until important technical difficulties are
ironed out.” Specifically, an Akai spokesman says
production will be delayed until the company’s
engineers can reduce tape speed from the present
45 ips rate to about 15 ips.

Akai says it now has the know-how to achieve a
1.2-megahertz bandwidth at a tape speed of 30 ips,
but that the picture quality isn’t yet good enough
for marketing. The firm says it will be ready when
it can get a 2-Mhz response at 15 ips. This would
represent a major advance, since domestic compa-
nies are only claiming that they can soon get tape
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speed down from the present 160 ips to 120 with-
out sacrificing picture quality—which isn’t too good
right now anyway.

Akai’s experience with low-cost recorders isn’t
unique. Among the firms that have had to face up
to similar “technical difficulties” are the Telcan Co.
of England, Grundig Werke GmbH of Germany,
and such U.S. concerns as the Fairchild Camera &
Instrument Corp., the Illinois Institute of Technol-
ogy, Par Ltd, and, as noted, Ampex. And the list
will get longer.

This is not to say that longitudinal-scan record-
ing technology hasn’t progressed since the first
prototype was introduced five years ago. There
have been important contributions by Newell As-
sociates Inc. and its licensee, Arvin Industries, as
well as by such pioneers as Wayne R. Johnson of
the Winston Research Corp. and Marvin Camras
of IIT. But unless there are dramatic breakthroughs
in head design and tape composition, it’s unlikely
that good-quality pictures will ever be recorded
and reproduced economically by a fixed-head ma-
chine. This lack of optimism is rooted in the funda-
mentals of recording technology.

A few constraints

The quality of a video recorder is measured
largely in terms of its ability to reproduce fine
detail. And resolution is primarily a function of
the system’s over-all frequency-response character-
istics and of the magnetic composition of the re-
cording tape.

Regardless of cost factors, a video recorder for
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home use must have the bandwidth needed to re-
cord and reproduce the full NTSC color signal
without seriously degrading the hue or saturation
content.

Commercial helical-scan recorders, such as the
full-color models put out by International Video
and Ampex, meet or exceed the 4.2-Mhz bandwidth
required. In terms of resolution, that’s better
than 400 lines.

But in the fixed-head field, the widest bandwidth
so far is the 2 Mhz claimed for the Newell design
still under development at Arvin, as well as for
a similar unit now being licensed by Newell and
for a Winston Research design. This figure would
amount to a horizontal resolution of about 200
lines, far below the minimum for acceptable color
reproduction.

The limitations of fixed-head technology can be
understood in terms of the relationship of video
frequency response to the tape velocity and the gap
width of the recording head. These can be expressed
by

g 0.7xv
=~ head gap length (in microinches)

where f is frequency in megahertz, and v is velocity
in ips. In terms of wavelength, which is what the
tape sees, the relationship of tape velocity to fre-
quency response becomes
\%
A=+
Thus, keeping the wavelength constant, higher
frequencies can be recorded by increasing the

tape speed or reducing the head gap. In the illus-
tration of the relationship between wavelength and
head gap on page 102, note that the playback
voltage approaches zero as the wavelength ap-
proaches the width of the head gap.

As the tape moves pass the head gap, a different
portion of the signal is spanned and the varying
magnetic field generates a voltage in the head. If
the recording frequency is such that its wave-
length is equal to the gap width, the output signal
will fall off sharply. Head designers therefore shoot
for a head gap equal to about half the shortest
anticipated wavelength.

Tough choice

In choosing between a small head gap and a high
tape speed to achieve a certain resolution, a de-
signer must weigh the disadvantages of each ap-
proach. High tape speed means high tape consump-
tion. In a Newell instrumentation analog data re-
corder, for example, the tape runs at 960 ips to
achieve the required 10-Mhz bandwidth. Also, in-
creases in tape speed threaten picture stability and
synchronization, a situation requiring costly and
elaborate mechanical damping systems and elec-
tronic circuits. Further, head wear due to abrasion
increases with tape speed.

As for the problems with small head gaps, if the
gap is narrowed to a point well under the value
calculated for the frequency of interest, the head
output can be severely reduced, as explained pre-
viously. This will cause a deterioration of the sig-
nal-to-noise ratio, and will thus affect picture con-
trast.

Further, there are practical hurdles to the volume

HEAD

4%

<«— SWEEP INPUT

2 r: . \’\JJL (¥
] L~J nJ L\O’\J
Y

VIDEQ INPUT —>

\\
!
{
\
( TAPE

e — - e ———

]
!
i
! |
i I | o ynt
U ' e TAPE
Vv : i MOTION
AN | i
N | u,lll
\\Ill | [y [ )
A\ ! , /
\\lll 1] ‘ 4
U / l
R e 0

Roundhead. Honig's scheme for improving picture resolution employs a hollow cylindrical head with a scanning
signal to “write’’ the video information on a tape as it moves across the cylinder face.
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production of heads with very narrow gaps. Al-
though heads have been built with gaps as small
as 20 microinches (and Akai claims a gap of only
12 microinches), present mass-production methods
just aren’t suited to turning out heads with gaps
of under 40 or 50 microinches.

Radical approach

Indications are that the present approach to head
design cannot be pushed much farther, and it thus
appears evident that an entirely new one is needed
if longitudinal-scan recorders are to reproduce the
shorter wavelengths of the color signal.

There may be a glimmer of hope in the radical
design under development at Honig Laboratories
Inc. in Westbury, N.Y. The Honig recording head
is fixed, but it employs a transverse scanning tech-
nique that eliminates the frequency and output
limitations on gap width.

According to William Honig, the developer, the
device can record bandwidths of up to 8 Mhz on
standard ferric oxide tape moving longitudinally
across it at only 15 ips. The video scanning head
is built around a hollow ferrite cylinder with a
wedge-shaped gap extending across its entire face.
The gap encloses a thin film of nickel-iron alloy
that’s magnetically saturated by the applied video
signal. A sawtooth current applied across a coil
wrapped around the cylinder generates a magnetic
field that scans the video almost vertically across
the edges of the tape.

Putting the head to use will be another matter,
but based on preliminary information, Honig may
have come up with a timely and highly important
contribution to fixed-head technology.

Getting it on tape

Aside from the recording head, the tape has per-
haps the greatest influence on picture quality. Such
factors as resolution, signal-to-noise ratio, and dy-
namic range depend largely on the quality of the
video tape.

Standard tapes consist of a nonmagnetic base
material, commonly polyester or acetate, and a
thin coating of a magnetic powder derived from
iron oxide. The development of oxides with finer
particles and greater magnetic moments than are
currently available would undoubtedly enhance
tape response and increase dynamic range.

Much work is being done to improve tape qual-
ity, but the only recent significant advance has been
made by Du Pont with a chromium-diode tape now
being marketed under the name of Crolyn. It pro-
vides greater bandwidth at conventional recording
speeds, plus higher magnetic moments per unit of
volume for greater dynamic range.

Chromium dioxide has two major advantages
over iron oxide, according to Maurice L. Ward of
Du Pont’s photo products department. “It provides
higher signal output at the same degree of resolu-
tion, and it offers better resolution at any given
signal output level,” he says.

Although Crolyn will improve picture quality,
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Processed video. To eliminate the need for a clamping
circuit, Akai processes the video signal (top) to achieve
positive sync pulses (bottom) before recording.

it isn’t expected to bring down the high cost of
video recording in the foreseeable future. On the
average, the cost of an hour’s recording on a heli-
cal-scan vir runs from $40 for half-inch tape to $60
for 1-inch tape. The tape cost with longitudinal-
scan recorders should be about the same or slightly
higher.

Direct recording

Video information can be put on tape either by
direct magnetization or by the use of a modulation
signal. Although the standard practice is to use
modulation, most low-cost fixed-head recorders use
direct recording to cut costs, and this is often a
factor in poor picture quality.

Modulation is done by a complex circuit, while
direct recording requires the very minimum of sig-
nal processing to apply the video to, or recover it
from, the tape. But it also limits the recording range
of the vtr to less than nine octaves, far below the
level required to reproduce a color signal. Another
problem with direct recording is that the head’s
output falls at a rate of about 8 decibels per octave
at low frequencies. A

To avoid the expense of a modulating circuit, as
well as to avoid licensing by Ampex, which has
patented the use of f-m modulation, some compa-
nies have come up with ingenious methods of in-
creasing the octave range and improving signal-to-
noise performance with direct recording. For
example, Akai inverts the video signal on a line-by-
line basis and processes it to achieve a positive
sync pulse before the signal is recorded. By doing
this, the Japanese firm eliminates the need for d-c
restoration circuitry to recover the negative sync
pulse. According to Akai, the technique also results
in a better signal-to-noise ratio.

However, any real answer to the problem will
probably involve the adoption of some of the data-
recovery techniques used in telemetry systems,
such as pulse code, pulse duration, and low-fre-
quency square-wave modulation. Since modulation
eliminates crosstalk, it also permits the use of
smaller track widths. And because tracks could be
spaced closer together, more could be crammed on
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The challenge of EVR

As if the technical hurdles they face weren’t
enough, makers of home vitr's must ponder the
impact of CBS’ electronic video recording system
on their plans. The network is deeply committed |
to the worldwide marketing of “direct EVR”
players and canned programs, and will have units

| available by late next year.

The EVR player attachment, which is about |
the size of an attache case, will project on the
home television screen filmed or video-taped pro-
grams—either black-and-white or color—from a
cartridge 7 inches in diameter and a half-inch
thick. CBS estimates that a 20-minute program
will be priced at about $7, but a full hour pro-
gram at not more than $14. The player, which
will cest around $280 to produce and will retail
for under $400, will be hooked up across the an-
tenna terminals of a tv set.

Unlike' commercial vtr’s, the EVR unit pro-
duces a high-quality picture. Also, users will be
able to have 8- or 16-millimeter home movies
transferred to EVR film. CBS will process these
movies for customers in a cartridge-processing
plant it is establishing in Stamford, Conn.

the same tape.

Promoters of longitudinal-scan recording are al-
ways quick to assert that the development of a
low-cost home recorder would open up a mass mar-
ket for canned programs that could be bought
outright or rented by the consumer. The adoption
of multitrack recording systems, they say, would
facilitate high-speed tape duplication since all the
tracks could be recorded at once.

But this is premature. If vtr’s for the home mar-
ket are to use prerecorded tape, makers will first
have to establish recording standards. As things
stand now, tapes recorded on one firm’s longitud-
inal-scan machine wouldn’t be playable on an-
other’s; differences in tape width, tape speed, num-
ber of tracks, track width and spacing, and recycle
time for track stepping would cause partial or
total loss of the video signal.

The instrumentation-recorder industry once
faced the same problem. It was solved by the
establishment of the Inter-Range Instrumentation
Group, which sets standards for track width, track
spacing, and head-stack configuration, and even
keeps tabs on the definitions of technical terms.
Unfortunately, standards for commercial video
tape recorders would have to cover much more than
the relatively simple matters of track dimensions
and spacing. There are now more than 20 helical-
scan tape formats and no two are compatible.

Great debate

Until standards are established, there will be no
home entertainment market for vtr’s. But there’ll be
no home market in any case until a machine capable
of recording and reproducing good-quality color
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pictures is placed within reach of the average con-
sumer. So we return to the nub of the question.
Spinning-head designs can meet the technical re-
quirements; by rotating the head at a fast enough
rate—typically 3,600 revolutions per minute—tape
velocity can be held at about 7% ips, for a band-
width of more than 4 Mhz.

But proponents of fixed-head designs argue that
prices on rotating-head vtr’s cannot be reduced to
the levels that might attract a mass market, that
the need for complex circuitry in these machines
cancels out all attempts to cut costs substantially.
Citing the present prices for helical-scan vir’s, they
assert that the industry’s only chance to create a
home-recorder market is to perfect fixed-head ma-
chines.

The complex and expensive circuitry referred to
is used in helical-scan servosystems to position the
rotating head so that it is off the tape just prior
to the vertical interval, a scanning period corres-
ponding to the bottom of the picture.

At least one firm has straddled the fence on this
question of helical versus longitudinal scan. Akai,
which two years ago said it was totally committed
to producing fixed-head machines only, was quietly
working all the time on spinning-head designs. The
result of this work is the first combination video-
audio recorder to be marketed, a helical-scan ma-
chine that was unveiled this summer at the Con-
sumer Electronics Show in New York and is being
sold under the Roberts trade name.

Outside of the technical problems to be over-
come, vtr makers must face up to some very basic
questions concerning the nature of their potential
market. Are the predictions of a big market for
home video recorders realistic? And if they are,
what are the prospects of filling the needs of this
market with fixed-head recorders?

For the foreseeable future, the only application
for home vtr’s will be to record tv programs for
playback. But will the consumer plunk out $50 for
enough tape to record an hour’s program? And if
he does, how many programs will he record? But
most important, will he buy a recorder that’s going
to eat up tape—and money—at that rate?

And will he also want a companion color tv
camera? If he doesn’t, he’ll be limited to recording
only the programs he gets on his television receiver.
When Arvin earlier this year demonstrated a pro-
totype of the recorder it’s building from a Newell
design, it rented a $70,000 Norelco studio camera
to avoid off-the-air recording. Admittedly, all color
cameras aren’t that expensive; a consumer could
probably pick up one from International Video for
just under $15,000.

Perhaps from the industry’s standpoint there is
a mass market out there. But not even technical
advances in fixed-head technology, or cost-cutting
on helical-scan recorders, can bring it into being.
Without low-priced companion cameras, inter-
changeable prerecorded tapes, and better and more
inexpensive raw tape, the home vir will be more a
novelty gadget than a household fixture.
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These new keyboard switches feature unusually
precise action and low-cost mounting.
See for yourself—write for samples.

These elegantly styled key switches
—designed for handling switching at
logic levels—are especially suitable
for computers, learning and business
machines, and advanced control
equipment.

Designed by Raytheon, they have a
featherlight touch that is precise and
reliable. Just a 3-o0z. touch activates
the switch. Because of the unique
design, this action can be repeated
more than 10 million times. Yet the
switches cost less than $1 in produc-
tion quantities.

A wide range of standard- and cus-
tom-cap shapes, sizes, colors, and
alphanumerics are available. Char-
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acters can be hot stamped, engraved
or molded through. Bases can be flat
or with 10° slope. Characters can
be illuminated by backlighting. All
switches are made of high-quality
materials: stain-resistant caps; poly-
carbonate body parts; stainless steel
springs; beryllium and stainless steel
contacts. They are available in single-
and double-level wipe-action types,
and in dry-reed, hermetically sealed
single- and double-level types.

For free samples, write on your letter-
head describing your application to?
Raytheon Company, Industrial Com-
ponents Operation, Dept. 2351-EL,
Quincy, Massachusetts 02169,

\RAVTHEON,

Simple, low-cost mounting. Raytheon switches
plug into .125” PC board. Contact pins snap In,
firmly lock switch in place for soldering. This
permits you to use flow soldering techniques—
cut keyboard assembly time and costs.
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Quick response on
Ram Air Turbine Systems.

Garrettnowhas 30types of RATS (Ram Air Turbine Systems)
to choose from, and more standard designs are on the
way. That's how we can promise quick response.

But what if we don’t have a model that meets your exact
needs? No problem -we can design and build one that
does, and we'll do it quickly.

Take a look at our lineup:

Electrical RATS - power outputs from 500 watts to 40 KW.

Mechanical RATS -ratings up to 60 shaft hp at speeds
from 600 to 60,000 rpm.

108 Circle 108 on reader service card

Hydraulic RATS —reliable power at pressures and flow
rates compatible with current hydraulic designs.
Combination RATS - versatile performance with any com-
bination of electrical, mechanical, or hydraulic outputs.

We supply more than 90% of all Ram Air Turbines for
externally-stored systems -—applications that provide mili-
tary aircraft with a mission flexibility unsurpassed by any
other type of secondary power system.

Like to hear more about our RAT capabilities? Drop a
line to AiResearch Manufacturing Division, 9851 Sepulveda
Blvd., Los Angeles, California 90009.

AiResearch

Ram Air Turbine Systems
Garrett 1s one of The Signal Companies @
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A FOUR-MINUTE RESUME:

[he turbot and wave analysis

The turbot belongs to the flounder
family. Itis a flatfish with both eyes
on the top of its body—which gives
it a rather narrow view of its sur-
roundings.

-

Wave analysis is a method of tak-
ing a ‘‘narrow look'’ at signals one
at a time with a tunable bandpass
filter connected to a wideband volt-
meter—the wave analyzer.

While we cannot claim expertise
in ichthyology or personal acquaint-
ance with the turbot, we have had
broad experience in the analysis of
waveforms using wave analyzers.

Wave analysis measurement tech-
niques were introduced some
twenty-five years ago and are used
more today than ever before. Con-
tinued improvement in sensitivity
and dynamic range along with fre-
quency resolution has opened many
new application areas.

Today’'s wave analyzer measure-
ments can be divided into three
broad areas:

1. Selective measurements of sig-
nals with large differences in
level. Examples are distortion
analysis, measurements of low
level signals very close in fre-
quency to much larger signals,
or identification of low level
signals obscured by broadband
noise.

2. Determination of noise charac-
teristics (noise/vHz) by utilizing
the well-defined bandwidth of a
wave analyzer. Noise power spec-
tral density can also be measured
over the entire frequency range
of the instrument.

3. Frequency response testing,
using the tracking output as an
excitation source to make tests
at ultra-low threshold levels. The
wave analyzer's high selectivity
eliminates harmonic, spurious
responses and ground loop
effects.
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Improvements Increase Utility.
Each generation of wave analyzers
has seen increasingly useful
improvements. First, there was the
basic tunable filter and broadband
voltmeter. Now there are features
such as autoranging, automatic fre-
quency control (AFC), electronic
sweeping, counter digital readout,
selectable bandwidths, recorder
outputs. These convenience and
performance features make the in-
strument easy to use, but, they are
not the only considerations in
selecting a wave analyzer.

Importance of Shape Factor. The
selectivity of a wave analyzer is its
greatest asset and most important
specification. Selectivity is defined
by the 3 dB bandwidth and the shape
factor of the bandpass. The smaller
the shape factor number, the more
selective the instrument will be.
Note the passband (dotted line) in
the diagram. Specifying just the 3
dB bandwidth (bandwidth C) can be
misleading—but by specifying the
ratio of two selected bandwidths
(usually —3 or —6 dB and the —60
dB points) provides further defini-
tion of the sharpness of the skirt
(solid line in the diagram). A shape
factor so defined gives a true pic-
ture of the bandpass. Today's wave
analyzers have factorsaslowas 2:1.
These are especially useful in mak-
ing critical frequency measure-
ments where signal density is high.

Dynamic Range and Sensitivity.
Dynamicrange isan important wave
analyzer characteristic. It defines
the range of the smallest to the
largest signal the instrument can
accommodate simultaneously.
Some wave analyzers are capable of

SHAPE FACTOR -

an 85 dB range. The relationship
between dynamic range and atten-
uator range is shown below. The top
end of the attenuator range is
limited by the amountof attenuation

built-in, and the bottom end by the
instrument’s sensitivity. Dynamic
range is limited by nonlinearity and
noise.

Wave analyzers designed with two
attenuators allow you to keep track
of the dynamic range of the input.
This helps you avoid input over-
loading that causes measurement
inaccuracies. Autoranging further
extends the capability of a wave
analyzer to track the dynamic range
of the input.
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To obtain high sensitivity meas-
urements without loading a low-
level circuit under test, you need a
wave analyzer with high input im-
pedance. There is always a trade-off
between high sensitivity and high
input impedance. Trade-off optimi-
zation depends on the application.
You'll find input impedances range
from 10 k2 to 1 MQ while full scale
sensitivities range from 3 uV to 50

You could be floundering around
unless you're taking advantage of
the advances in capability and per-
formance of today’s wave analyzers.
Wave analysis could be the solution
to your problem. Get yourself off the
hook by calling your hp field engi-
neer. He probably can’t tell you
much about the turbot—but, he does
have information on four hp wave
analyzers with frequency ranges up
to 22 MHz and prices from $1900 to
$4950. Or, request the free data
package on wave analysis from
Hewlett-Packard, Palo Alto, Califor-
nia 94304. Europe: 54 Route des
Acacias, Geneva.

377 o

HEWLETT, hg PACKARD
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SIGNAL ANALYZERS
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The Plaisted Polar Expedition needed
a battery that could come on strong at 20° below.

Mallory made it.
What can we do for you?

T N, \ ‘s\
The arctic explorers of the Plaisted Expedi- S %\ TN T
tion needed a battery. A battery reliable - \:v' )
enough for their “diaries” — the portable A~ 2 s ’

tape recorders they used to record impor-
tant events. A battery that could put out
strong, steady power at —20° F. A battery
that wouldn't crumble when the tempera-
ture reached -63° F.

Mallory made it. The battery—a Mallory al-
kaline battery. Its ability to work when or-
dinary batteries are frozen is only one of
its superior qualities. Some others: extraor-
dinary shelf life—over 80% of original ca-
pacity after 2 years; exceptional perform-
ance under high current drains; low
impedance—in standard sizes as low as 0.1
ohm per cell. And, of course, the Mallory
alkaline battery has a very high energy den-
sity, up to 35 watt-hours per pound.

POWER PER POUND

The word “heavy” in “heavy-duty” batteries
often throws people off. Because heavy-
duty alkaline batteries often weigh a bit
more than the same size ordinary battery,
people feel they must be sacrificing light-
ness to gain power. Nothing could be fur-
ther from the truth, Alkaline batteries actu-
ally enjoy quite an advantage over ordinary
batteries when it comes to weight. The
secret is size. Because Mallory alkaline bat-
teries pack so much power in such a small
space, the size of a battery needed for a
given application can often be reduced.
Pound for pound—size for size—Mallory al-
kaline batteries provide more capacity—
more power than any ordinary battery.
OVER 1000 DIFFERENT TYPES

Chances are Mallory has the battery you
need already in production. Right now we're
making over 1000 different types and sizes.
And if we're not actually producing the one
you need, we'll be glad to sit down with you
to design one to your specifications.

For more information, please write Tech-
nical Sales Department, Mallory Battery
Company, a division of P. R. Mallory & Co.
Inc., South Broadway, Tarrytown, New York
10591. Telephpne: 914-591-7000. (In Can-
ada: Mallory Battery Company of Canada
Limited, Sheridan Park, Ontario.)

It's good business to do business with Maliory
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i Une mans stability
| . 1s another’s slop.
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CORNING?"® Glass-K Capacitors provide both.

Needs vary with circuit function.
A filter can stand some slop. You buy for size and plain reliability.

But in timing or tuning, a capacitance change may not only foul up
your signal, but the result may be more damaging than a total stop.
CORNING Glass-K answers both needs. [ 250"
From 270 to 100,000 pf, just .250” long. o ——— M@k

Stability? Choose from three characteristics,
with A G with life as low as 2% max., at 125° C.

Reliability? Check Apollo, Centaur, Poseidon.

Get size, stability, sureness. Get the figures on Glass-K Capacitors.
Write: Corning Glass Works, Electronic Products Division,
Corning, N.Y. 14830

CORNING

ELECTRONICS
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rack %

models

available in Lambda LR
High Performance Series

for rack or bench use

0.0005% plus 100,V regulation.

35V rms ripple.

AC Input: 105-132 VAC, 47-440 Hz (Ratings based on
55-65 Hz) 205-265 VAC on request at no extra charge
(*“-V" option).

2 meters monitor both voltage and current simulta-
neously and continuously.

With Remote Programing

Accuracy—0.01% plus 1mV

Stability—0.001% plus 100,V for 8 hours
Temp. Coeff.—0.001% plus 10,V/°C

Guaranteed for 5 years. The only 5-year guarantee that
includes labor as well as parts. Guarantee applies to
operation at full published specifications at end of &5
years.

Multi-Current-Rated.

Only 5'4" high. Convenlent %4 and %2 rack sizes for
rack or bench use.

All-silicon design for maximum reliability.

Convection cooled for convenience and reliability. ..
no blowers or heat sinks.

Remote programing by changes in voltage or resist-
ance for convenience in systems, test equipment and
automatic equipment applications.

Auto Series/Auto Parallel with Master-Slave tracking
Constant |/Constant V by automatic cross-over.
Completely protected: short-circuit proof; continu-

cemles ~® i mbe N m wm e bl mprwenen” i tbie

FOUR %-RACK MODELS

Model V;llage NlAX. AMP;S AT AMElENT OF! Price
ange 30°C 40°C 50°C 60°C
LR-602-FM 0-20 VDC 1.1 .95 .80 .64 $265
LR-603-FM 0-40 VDC .60 .50 42 .33 265
LR-605-FM 0-120 VvDC .23 .20 A7 14 295
LR-606-FM 0-250 VDC 80ma 72ma 65ma 60ma 310

FOUR %.-RACK MODELS

Voltage MAX. AMPS AT AMBIENT OF!

Model Range 30°C | 40°C | 50°C | so°c | Price?
LR-612-FM 020vDC | 1.8A | 16A | 13A | 11A | s30s
LR-613-FM o40vDC | 1.0A | 09A | 0.75A | 0.6A 305

LR-615-FM 0-120 VvOC 0.33A 0.29A | 0.25A 0.21A 320

LR-616-FM 0-250 VDC 100ma 90ma 80ma 70ma 340

Current rating applies over entire voltage range.

Ratings based on 55-65 Hz operation.

Prices are for metered models. LR Series models are not avallable without
meters. -

Prices F.O.B. factory, Melville, N. Y. All specifications and prices subject to
change without notice.

~

OVERVOLTAGE PROTECTION

For Use With Model Adj. Volt. Range Price
LR-602-FM, LR-612-FM LH-OV-4 324V $35
LR-603-FM, LR-613-FM LH-OV-§ 347V $35

Write, wire, or call to order direct, for information, or for new Lambda
Power Supplies catalog. LAMBDA Electronics Corp., 515 Broad Hollow
Road, Melville, L. I., New York 11746, TEL. 516-694-4200, TWX 510-
224-6484.
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MEET THE DECISION MAKERS...

Four CVC High Vacuum Systems with AutoMate™ Control!

Just touch the start button, AutoMate does
the rest. The AutoMate Control on your
CVC system controls pumping cycles auto-
matically—as fast and accurate as your
best technician. The cycling decision is

made and carried out in response to pres-
sure in the system—you get the same re-
sults in your pumpdown every time. For full
details, write Consolidated Vacuum Cor-
poration, Rochester, New York 14603.

CV-144

CV-164

Cv-18

CV-1104

APPLICATIONS

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

Electronic and
Optical Thin-Film
Deposition, Environ-
mental Studies

14" Pyrex 18” Pyrex 18" Pyrex 24" or 30" Stainless
CHAMBER Bell Jar Beli Jar Bell Jar Steel Bell Jar
DIFFUSION PUMP 4” BlueLine 6” BlueLine 6” BlueLine 10” BlueLine

Choice of multi-

Cnoice of multi-

Choice of multi-

Choice of multi-

RATING (Continuous
Duty/20%, duty)

BAFFLE coolant or liquid coolant or liquid coolant or liquid coolant or liquid
nitrogen nitrogen nitrogen nitrogen

EVAPORATION

PO SUPPLY 2 KVA/3.9 KVA 2 KVA/3.9 KVA 2 KVA/35 KVA 4 KVA/8 KVA

endi
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Electronics

New CV-1104 System With AutoMate™ Contro!
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Tips on cooling off
hot semiconductors
and microcircuits

Read on. Find out how circuit designers use IERC heat dissipators to protect and improve
circuit performance of semiconductors and microcircuits.

Cool off microcircuit devices with a choice of four new dissi-
pator/retainers. Example: with natural convection, a typi-
cal microcircuit device dissipates 1.8 watts with case tem-
perature rise of 103°C. Add IERC's model LBOC2-61B
and retainer and you dissipate 5 watts with the same case
temperature rise. Retainer-clip may also be used alone to

mount package to conduction plane.

Fan Top Dissipators for TO-5 and TO-18 cases
add almost nothing to board height. Don't
need much room on the board either. Avail-
able for both metal and plastic cases. Spring
fingers make installation simple. And Fan
Tops cost just pennies.

These special dual and quad Therma-Link dissipators permit thermal mating
of matched transistors. Therma-Link retainers do exactly as their name
says: They provide a thermal link between transistors and the chassis or
heat sinks. They are also available with beryllium oxide washers which
have the excellent thermal conductivity of aluminum, are electrically
insulative and reduce normal mounting capacitance by Y2 to V3. The

washer is brazed to a brass slug or hex stud for mounting.

Help low-to-medium power transis-
tors keep their cool with IERC’s
stagger-fingered LP's. Available in
single or dual mounting for ther-
mal mating of matched transistors.
They fitbothTO-5and TO- 18 cases.

Need a non-hygroscopic finish with excellent dielectric properties, 50 K megohms
insulation resistance and high heat emissivity? Use Insulube® 448. it also protects
against salt spray and fungus and other adverse environments.

Got a tough one? Our engineers welcome your inquiry for more specific information.

Write us on your company letterhead, please.

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION %
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New “Universal” Spade Series for plastic transistors fits
all D-case sizes. Spring clip allows for variation in
case diameters. Excellent dissipation lets you boost
operating power 33%. Both single and dual models
as shown. IERC has heat dissipators for all popular
epoxy and ceramic semiconductors.

I rc

SEMICONDUCTOR
HEAT DISSIPATORS

A corporate division of Dynamics Corporation of America « 135 West Magnoha Blvd. » Burbank, Calif. 91502
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sweeps
5 to 1500 MHz

In 7.5 milliseconds

flat!

We can supply a sweep generator with rally stripes on
special order, but the frequency range and the sweep rate
are standard.

Telonic’s 2003 Sweep Generator will cover that entire band
—1495 MHz—in a single sweep, or in any segment down
to 0.02 Hz wide. You can instantly see response charac-
teristics over all, or any portion, of a circuil’s operating
frequencies.

And don’t overlook that word ”instantly.” If you’re still
in the habit of using a signal generator for point-to-point
testing, it’s time to upshift into swept techniques. Let your
local Telonic rep show you the '68 floor models.

Catalog 70-A and Supplements contain complete descriptions on
all Telonic Sweep Generators plus a full section devoted to
"how-to” applications. Get your copy today.

TELONIC INSTRUMENTS

Electronics | September 30, 1968

Model 2003 Sweep/Signal Generator System

Frequency Range

(Seven different plug-in oscillators available) ...... .02 Hz-1500 MHz
Sweep Width

(Fl-F, 0F FUSF) oouiiie it .02 Hz-1495 MHz
Frequency Marking

(Four different marker plug-ins available) .......... Fixed or variable

Attenuation
(Eight attenuator plug-ins available) ....1 db to 109 db (50 or 75 Q)
Sweep Rate

(Select from two rate plug-ins) .............. 0.001 to 60 sweep/sec.
Log Amplification

(One plug-in does it all) .................. 105 db dynamic range
Detection

(Two detector plug-ins available) .......... P-P passive, 50 and 75 G
Display

(Two display processing plug-ins) ................. Amplitude and

marker tilt control

Igl

telonic

A Division of Telonic Industries, Inc.
60 N. First Avenue

Beech Grove, Indiana 46107

TEL (317) 787-3231 » TWX-810-341-3202
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Minisiac
A New
High Voltage
High Frequency
SILICON RECTIFIER

“Ministac” is a fast-recavery, silicon, microminiature
rectifier that can replace vacuum tubes and selenium
sticks. Offering easier mounting and a smaller pack-
age, “Ministac” is competitively priced. Due to Sem-
tech's high-volume production techniques, “Ministac”
is being produced without sacrificing quality or
reliability.
“Ministac” operates efficiently with all types of wave
forms. Applications include:
R. F. Power supplies
Focus rectifiers
High-voltage devices for —

CRT's

Image intensifier tubes
Voltage multipliers for +

Data display systems

Multivision equipmerijt

Television receivers

© ® o
“Ministac

A New

High Voltage
High Frequency
SILICON RECTIFIER

san Francisco—941 E.Charleston. Sufte 10, Palo Alto, California 94303
415) 328-8025 [

hicago — 140 N. La Grange Road, L& Grange, illinois 60525
(312) 352-3227 / TWX: 910-683-1896
Dallas — 402 Irving Bank Tower, Irving, Texas 75060 / (214) 253-7644
New York — 116-55 Queens Bivd., Forest Hills, New York 11375
(212) 263-3115 / TWX: 710-582-2959

European Sales — Bourns A. G. Alpenstrasse 1, Zug, Switzerland
(042) 4 82 72/73 |

.
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“Ministac” specifications:

Peak Inverse Voltage

Average Rectified Current

Leakage Current

Junction Capacitance

Recovery Time

“Ministac” is small measuring only .400 x .120.

e
-
— e

Enlargement of
“Ministac’” with

solid internal
construction using
high temperature bond

“Ministac” junctions are metallurgically bonded at
high temperature producing a high-strength multi-
junction unitary stack. This process allows Semtech
to use the Suprataxial junction (liquid phase epitax-
ial) proven to be superior for high-voltage, fast-
recovery devices.

For more information, contact Semtech or your
nearest representative and get your copy of “Ministac
— Design Freedom with New High Voltage-Low Cur-
rent Rectifiers.”

A SEMTECH"

CORPORATION

652 Mitchell Road, Newbury Park, Callfornia 91320
(805) 498-2111, (213) 628-5392 / TWX: 910-336-1264
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TEKTRONIX PRODUCT REPORT—PORTABLES

A Complete Family

L _ portabies

TYPE 323
TYPE 321A 4 MHz, 71b
6 MHz, 141b

TYPE 454

TYPE 453
TYPE 422 X
15 MHz, 22 1b 50 MHz, 30 1b 150 MHz, 3135 Ib

Tektronix portable oscilloscopes provide perform-
ance and convenience features which span a wide
variety of oscilloscope applications. Bandwidths
to 150 MHz, dual-trace vertical amplitiers, delaying
sweep and AC, DC or battery operation are some
of the features. The Tektronix portable tamily is
designed to permit you to choose the instrument
that best suits your application.

please turn page for additional information

e oo of Portable Oscilloscopes

1
!




Making the Measurement . . . with Tektronix Portable Oscilloscopes

Each Tektronix portable oscilloscope is a complete measuring system.
Necessary accessory items such as probes, adapters, cords, filters, and
manuals are included at no extra cost. Additional value is provided by
a complete line of optional accessories—volitage probes, current probes,
special adapters, cameras, protective covers, and Scope-Mobile® Carts.
Your Tektronix Catalog lists all accessories with detailed descriptions.

TYPE 453

DC to 50 MHz
Dual Trace
Delaying Sweep
AC Powered

Dual-trace DC to 50 MHz bandwidth
with sweep delay in a compact 30-pound
instrument. Rugged environmental ca-
pabilities are combined with perform-
ance features normally found only in
multiple plug-in instruments. Vertical
amplifiers provide 7-ns risetime, DC-
to-50 MHz bandwidth, from 20 mV/div to
10 V/div deflection factor. At 5 mV/div
deflection factor, risetime is 8.75ns
and bandwidth is DC to 40 MHz. Cas-
cading Channel 1 and Channel 2 pro-
vides 1 mV/div deflection factor, DC-to-
25 MHz bandwidth. The included Type
P6010 miniature 10X probes preserve
system bandwidth and risetime perform-
ance right to the probe tip. Front panel
switching logic permits making 5 mV/
div X-Y measurements. Jitter, time co-
incidence, pulse width and other meas-
urements are easily made utilizing the
calibrated sweep delay. Sweep rates
are 5s/div to 0.1 us/div, extending to
10 ns/div with the X10 magnifier. Solid-
state design, with FET vertical inputs,
provide low drift and fast stabilization
time. AC powered.

Type 453 Oscilloscope ........ $1950

. =] TYPE 321A

’ | DC to 6 MHz

P Ac, DC,

‘9 9. or Battery Powered

S g
.. °
==

Bandwidth is DC to 6 MHz and deflec-
tion factor is 10 mV/div to 20 V/div.
Sweep rates are 0.5 s/div to 0.5 us/div
extending to 0.1 us/div with the X5 mag-
nifier. Rugged mechanical and electri-
cal design plus a choice of AC, DC, or
battery power make the Type 321A ideal
for field operations requiring accurate
waveform measurements. With internal
batteries, it weighs 17 pounds; without
batteries, it weighs 14 pounds.

Type 321A Oscilloscope
without batteries ............. $950

TYPE 454

.
DC to 150 MHz . =
Dual Trace »
Delaying Sweep [ ®:" LA :‘ 1?
AC Powered =St :

DC-to-150 MHz bandwidth, 2.4-ns rise-
time! This oscilloscope is currently the
fastest real-time, general-purpose instru-
ment available. Dual-trace amplifiers
provide 150-MHz bandwidth at 20 mv/
div deflection factor. At § mV/div, rise-
time and bandwidth are 5.9ns and 60
MHz respectively. Single-trace displays
at 1 mV/div deflection factor permit
viewing low level signals. The supplied
P6047 10X probes preserve the 150-MHz
bandwidth right to the tip of the probe.
Sweep rates are 5s/div to 50 ns/div,
extending to 5 ns/div with the X10 mag-
nifier. Calibrated sweep delay permits
expanding specific portions of your
waveform display for examination in de-
tail. A photographic writing speed of
3200 div/us (>2500 cm/ us) is provided
by the Type 454 Oscilloscope, C-31
Camera, and 10,000 ASA film, without
employing film-fogging techniques! X-Y
displays, with calibrated deflection fac-
tors to § mV/div, are possible with the
flick of two front panel switches. The
Type 454 is mechanically designed to
withstand environmental extremes and
rough handling. AC powered.

Type 454 Oscilloscope ........ $2600
C-31-R (Roll-film back) ........ $ 550

U.S. Sales Prices FOB Beaverton, Oregon

Your Tektronix Field Engineer will
demonstrate the performance of the
Tektronix portable oscilloscope of
your choice, on your premises at
your convenience. Please call him
or write, Tektronix, Inc., P.O. Box
500, Beaverton, Oregon 97005.

p - — —

TYPE 422
DC to 15 MHz
Dual Trace
AC, DC,
or Battery
Powered

This compact, rugged oscilloscope
combines small size and lightweight
with 15-MHz, dual-trace performance.
Two models are available. One is pow-
ered from AC; the other from AC, DC, or
internal rechargeable batteries. The AC
version weighs less than 22 pounds in-
cluding accessories; the AC/DC model
with buiit-in battery recharger weighs
30 pounds including accessories and
batteries. Dual vertical input amplifiers
cover major use areas with 23-ns rise-
time and DC-to-15 MHz bandwidth over
the 10 mV/div to 20 V/div deflection
range. 1mV/div deflection factor with
5 Hz-to-5 MHz bandwidth is provided on
Channel 2. Sweep rates are 0.5s/div
to 0.5 us/div, extending to 50 ns/div
with the X10 magnifier. The Type 422 is
mechanically and electrically designed
to withstand rugged environments.

Type 422 Oscilloscope
(AC version) ............... $1425
Type 422 MOD 125B Oscilloscope
(AC/DC without Battery Pack) . $1775
Battery Pack for Type 422 MOD 125B
(order 016-0066-02) ......... $ 125

TYPE 323
DC to 4 MHz
AC, DC,
or Battery
Powered

Internal batteries provide up to 8 hours
of continuous operation and are re-
chargeable from the AC line in approxi-
mately 16 hours. The Type 323 may
also be powered from the AC line or
external DC. Bandwidth is DC to 4 MHz
and deflection factor is 10 mV/div to
20 V/div. 1 mV/div deflection factor at
2.75-MHz bandwidth is provided for
viewing low-level signals. Sweep rates
are 1s/div to 5 us/div extending to 0.5
us/div with the X10 magnifier. A single-
control knob permits automatic or man-
ual level sweep triggering, positive or
negative slope. The compact Type 323
weighs 7 pounds including batteries and
is designed for field environments.

Type 323 Portable Oscilloscope
with batteries ............... $850

Tektronix, Inc.

committed to progress in waveform measurement

$378V.LHOd — 1HOd3H 1ONAOHd XINOH.LMAL



Probing the News

Management

Hogan takes hold at Fairchild

Semiconductor division is first stop for new chief executive from Motorola;
he’ll make its efforts provide greater support for other corporate activities

By Walter Barney

San Francisco bureau manager

If C. Lester Hogan can carry out
his plans for the Fairchild Camera
& Instrument Corp., the impact of
the move that brought him and his
management team into control of
both the company’s corporate struc-
ture and its Semiconductor division
is likely to be a lot greater than
anyone predicted. In addition to the
presidency of the corporation, Ho-
gan has temporarily assumed con-
trol of the Semiconductor opera-
tion as general manager. It is to
this division that most outsiders
look for changes.

Hogan does have some far-reach-
ing, even drastic, plans. But none
will change the basic stance of the
Semiconductor division as a tech-
nological leader. Fairchild will not
be remade in the image of Motor-
ola Inc., where Hogan was execu-
tive vice president and general
manager of the Semiconductor
Products division.

What Hogan plans is far more
significant: a remaking of the cor-
poration around the Semiconductor
division to take advantage of its
strengths. “Semiconductor technol-
ogy will be basic in all electronics,”
Hogan says. “And electronics itself
will be basic to all other technolo-
gies. I want to couple the capabili-
ties of the Semiconductor division
to the other divisions, so that they
can lead the parade instead of fol-
low in it.”

Helping hand. Specifically, Ho-
gan will make the Semiconductor
division’s research and develop-
ment laboratory—one of the most
elaborate in the industry—available

~—Circle 118 on reader service card

to every other division. This is the
significance of the naming of Leo F.
Dwork to a staff position as corpo-
rate director of research. “Leo and
I want to find a coupling mecha-
nism between the R&D lab and the
rest of the corporation,” Hogan
says. “For instance, the Graphic
Equipment division makes a good
phototypesetter, but could it be
better with help from semiconduc-
tor R&D?P”

Hogan also brought Joseph Van
Poppelen from the International
Telephone & Telegraph Corp. to be
corporate director of marketing
[Electronics, Sept. 16, p. 34]. Van
Poppelen will have no direct re-
sponsibility for divisional activities,
but he will advise Hogan on the
feasibility of entering any new
businesses or product areas.

Dwork was responsible for cen-
tral R&D, as well as certain product
groups, at Motorola. Van Poppelen
is a former general manager of ITT
Semiconductor. Thomas Hinkel-
man, in charge of corporate plan-
ning, had divisional responsibility
in that area under Hogan at Motor-
ola. These additions from the semi-
conductor world to the corporate
staff, previously dominated by
financial experts, leave no doubt
that Hogan plans nothing less than
a revolution at Fairchild.

Where the action is

If Semiconductor is to be boss,
what happens to the division? The
answer seems to be that Hogan has
some tinkering to do. But he
stresses that his plans are based on

Fairchild’s strengths and weak-
nesses, rather than on any precon-
ceived notion about how to run a
business.

Hogan says he found just about
what he expected when he arrived
in Mountain View. “It’s better than
I had thought, but not much differ-
ent,” he says. “What really sur-
prised me was the outstanding
competence of the R&D work. Their
ability to build tremendously com-
plex circuits is far beyond any-
thing I thought I'd find. Fairchild
is unequalled in gallium arsenide
research, for example. There are a
lot of little tricks they’re coming up

New broom. C. Lester Hogan heads
Fairchild after having acquired
a name in production at Motorola.
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with in circuit design and process- anything that I've seen elsewhere. Delivering the goods. On the
ing techniques that I really didn’t In fact, the technology is so good other hand, Hogan echoes outside
think were possible. And the skills that if I had known about it, it complaints about Fairchild’s deliv-
in complex metal oxide semicon- would have given me ulcers in ery record. “The company does not

ductor devices are way ahead of Phoenix.”

meet its commitments to custom-

Fairchild from the inside

The hiring of C. Lester Hogan as president and chief
executive officer was a brilliant managerial coup that
seems to have been fought all the way by the top
officials of the Fairchild Camera & Instrument Corp.
Reports now trickling out of the company indicate
that Sherman M. Fairchild and his top advisers never
intended to put a semiconductor expert in the top
post. Only the resignation of group vice president
Robert N. Noyce, a founder of the Semiconductor
division, made them realize they’d better have one.

Between last November, when John Carter was
forced out after a lengthy tenure as board chairman
and chief executive officer, and June, when Noyce re-
signed after four months as acting chief, Fairchild
conducted what amounted to a search for identity.

“Carter cowed the board; he did not bring it in as
an informed body,” savs one insider. “But as long
as things went reasonably well, no one could chal-
lenge him.” Increasingly, however, signs of discontent
on the board appeared as the financial community
complained about some of Carter’s maneuvers—par-
ticularly the acquisition of divisions that went sour.

Too loyal? Carter reportedly had a tendency to agree
to shut down the losing operations, then back out at
the last minute. “Division managers always won the
arguments with the corporate staff,” one highly placed
source says. “That’s okay if you have good division
managers. But Carter was loyal to his people to a
fault, and he was a sucker for a good salesman.”
The upshot was that a corporate recommendation to
change divisional operations could be blocked by the
division manager affected.

The setting up of a financial committee consisting
of Fairchild, Walter Burke, a lawyer and Fair-
child’s financial adviser, and Joseph B. Wharton,
a tax consultant, was the first step taken to oust
Carter. This group found that he’d been too optimis-
tic about some of his operations. When 1967 third-
quarter earnings sank to 3 cents a share, it was able
to force Carter’s resignation. Then the comedy began.

“The board had not really thought through what
it wanted to do next,” one informed source reports.
“Fairchild took over as chairman of the board; under
the bylaws, the chairman was supposed to be the
chicf executive officer But Fairchild didn’t want to
1un the corporation; he decided that Richard Hodgson,
who was already the president, should take over.”

The almost casual elevation of Hodgson last No-
vember goes a long way toward explaining why he
was eased out of the top spot five months later.
At the time, the move mystified both outsiders and
employees. Hodgson had proceeded to act on the
recommendations of Wharton and Burke, with whom
he fully agreed, and had dealt off losing operations.
He sold the oscilloscope activity, the Davidson divi-
sion, and the memory products department of the
Semiconductor division. Most important, he wrote off
tremendous amounts of inventory and obsolete equip-
ment—resulting in a 1967 loss of $7.7 million.

Surprise package. But the worst seemed to be
over, and Fairchild even showed a per-share profit
of 33 cents in the first quarter of 1968. This was 7
cents a share more than the company had budgeted
for, but the management crisis was only beginning.

“Hodgson didn’t like the committee,” one insider
says. “He conducted himself beautifully, but he
couldn’t help letting it be known that he considered
himself a cut above the rest of the people. On the
board’s part, there was still suspicion. They had been
fooled once before by Carter.

Hodgson also reportedly irritated the board by not
doing everything he was told to do. He had been
ordered, for instance, to beef up the corporate staff
by hiring a new senior financial officer. Hodgson was
unable, or unwilling, to follow this recommendation.
And only this month was the position filled.

In April—despite his vigorous performance and the
excellent first-quarter earnings—ITodgson was relieved
of his duties and made vice-chairman of the board.
Wharton, Burke, Fairchild, and Noyce were named
to a committee to direct the company. Noyce wound
up with the responsibility for day-to-day operations,
and the hunt for a new president was on. There was
speculation that Noyce himself might be given the job.

Noyce apparently speculated about that too. But
when the board outlined its requirements for a new
boss, it became clear that Noyce was not the man and
he couldn’t work for such an individual.

Management myopia? “The board was not looking
for a semiconductor man,” says an insider. “They
figured they already had one in Noyce. What they
wanted was someone to take care of the ailing divi-
sions, the space and defense operation, and so forth.
You have to understand that these are all brilliant
men. But they saw management as a group of people
who prevented others from making mistakes. The way
to avoid mistakes, of course, is to do nothing. But
what the company needed was not control—it was
leadership.”

Noyce apparently decided that he did not want
to bid for the top job himself. And since he did not
wish to stay under another ‘finance committee’ re-
gime either, he told the board that he wanted to re-
sign. That move may have triggered a switch in
Fairchild corporate tacticc. When the board realized
that its chief link to the Semiconductor division—its
big moneymaker—was leaving, it began a vigorous
search for a semiconductor man as president. Hogan
was the result. Even more important, probably, than
the hiring of Hogan was the attendant transformation
of Fairchild from an East Coast corporation with a
strong western division to a West Coast enterprise
built around a strong semiconductor operation.

For Hogan has beefed up his corporate staff with
semiconductor experts—Joseph Van Poppelen, Leo
Dwork, Thomas Hinkelman, e¢t al-and leaves no
doubt that he intends to integrate the corporate oper-
ations and those of the Semiconductor division.

Fairchild found—after trying for nine months—that
it just could not live without the leadership it feared.

B—
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ers,” he says flatly. The result has
been that Fairchild has built an un-
enviable record for poor customer
relations; many would-be custom-
ers suspect that the company has
insoluble manufacturing problems
and that they’re getting a run-
around from the sales department.

Why can’t Fairchild deliver?
Mainly, Hogan believes, because
its current paperwork and sched-
uling practices aren’t up to the task
of getting the proper product mix.
“There are thousands of items in
the catalog,” he points out. “And
in the semiconductor business, you
don’t even know what you're mak-
ing until you test it. We have got
to change our information system;
this is 90% of my problem.”

Far and wide. The man who will
handle this task is George Scalise,
whose title is chief of manufactur-
ing services. Scalise believes that
the difficulties stem from the dis-
persal of Fairchild’s production ca-
pacity. The company has plants in
Portland, Me., Shiprock, N. M,
Korea, and Hong Kong as well as
Mountain View. Scalise apparently
plans to simplify Fairchild’s ad-
ministration practices to improve
scheduling, order handling, and
dispatching. Scalise has named a
veteran Fairchild hand, Patrick
O’Haren, head of production con-
trol. O’Haren was already manager
of information systems, but no one
man ever had complete responsi-
bility for production control.

Power play. Fairchiid's new president
kept the company in power transistors.
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Fairchild also plans to computer-
ize product specifications to make
available information more acces-
sible. Scalise says he thinks he can
make significant inroads on the
problems very quickly. The long-
term outlook, however, remains a
question mark. “Some things are
obvious, but you really have to live
with a system to see how to change
it,” he says.

Growth and expansion

But changing the system is sim-
ply a corrective measure. On the
positive side, Hogan plans to
strengthen Fairchild’s product lines
where they are weak, specifically
in the discrete-component area,
where Motorola is growing ever
stronger. He'll consider expansion
by acquisition, as well as by inter-
nal growth, and he intends to in-
vest heavily in inventory and capi-
tal equipment,

Hogan definitely plans to capi-
talize on Fairchild’s MOS capabil-
ity, which has been known largely
as a laboratory effort despite sev-
eral abortive attempts to transfer
it to the production area. Hogan
has already reversed Fairchild’s re-
cent decision to get out of the in-
dustrial-commercial power transis-
tor market. And he has looked at
two or three small companies with
an eye to picking them up. At pres-
ent, he says, he is undecided about
whether to buy all, none, or some.
One that may be acquired is the
Dickson Electronics Corp., Scotts-
dale, Ariz., a producer of zener di-
odes. Donald C. Dickson, who
heads this company, built Motor-
ola’s zener business under Hogan.

Stephen E. Levy, Hogan’s suc-
cessor at Motorola, figures that his
former boss will want to spend $25
million to $35 million on capital
improvements in his first year at
Fairchild. Levy doubts that anyone
can spend so much so fast intelli-
gently. Hogan will not confirm the
figures, but he does concede that a
lot of money will be going out the
door. “For one thing, we must
spend millions of dollars for inven-
tory (to improve the delivery situa-
tion),” he says. “Anyway, I've spent
that much money, in a short time
and intelligently, before.” But Ho-
gan indicates he may spend so much
on people and equipment that the
bellwether Semiconductor division
could well wind up as a money-

Model 79
Linear IC
Tester

New
automatic

Linear IC Tester
offers simple,
preprogrammed
operation

The simple operation of the new
automatic Model 79 Linear Inte-
grated Circuit (LIC) Tester
from Test Equipment Corpora-
tion virtually eliminates costly
operator training. This savings,
combined with its low initial cost,
makes the Model 79 an excellent
buy for production, engineering
and quality control applications.
TEC’s Model 79 “LIC” Tester
is completely automatic with the
. ~ 4 exception of test
"'r.‘,’* >~ e limits and range
" ,"F“,'" J‘ selections and is
gy ° preprogrammed
‘ on performance
boards (inset)
for up to 15 different test meas-
urements. It provides five dc and
eight dynamic tests. In addition,
two auxiliary positions are avail-
able for customer-specified tests.
The Model 79 features low cur-
rent measurements to 99.9 pa full
scale, low voltage measurements
to 99.9 uv full scale, and high
speed typically 100 ms or less per
test. It accepts all IC package
configurations.

Write today for full technical
and pricing information on the
new TEC Model 79 “LIC” Tester.

Test Equipment

CORPORATION
P.0. BOX 20215, DALLAS, TEXAS 75220 - 214/357-6271
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Business as usual

In light of the upheaval going on in Mountain View, the changes planned
by the new regime at the Motorola Semiconductor Products division
appear minor. Stephen E. Levy, division chief, points out that his ideas
on how to run the operation must have paralleled C. Lester Hogan’s or
he wouldn’t have been given so much freedom as assistant general man-
ager. Now that Hogan and his assistants have left for Mountain View,
little is changed for Motorola except that its competition is stronger.

Levy does, however, plan to shift emphasis in certain areas. For
example, he is permitting Michael Callahan, the new boss of integrated-
circuit research and development to sell Mec. 3 (a third-generation,
subnanosecond emitter-coupled-logic family) from a pilot production line.
Even though Rap reports to the 1c production department, a new line
would normally have to graduate to full production status before being
announced for sale. In general, Levy indicates, Motorola will be a little
more eager to get its newer products to the marketplace quicker.

Great expectations. Like Fairchild, Motorola plans a big effort in metal
oxide semiconductor devices. Richard I. Abraham, head of advanced 1c
programs, indicates—ominously, perhaps, for the smaller companies that
have successfully weathered Fairchild’s mos challenges—that Motorola
plans to be top dog in mos by the early 1970’s. Wally Raisenan, head of
Mo0s and memory products, feels that memories (both Mos and bipolar)
will be a $50 million business for Motorola by the late 1970’s, though
the division only got into the field this year.

More immediately, Motorola plans a big push in TTL. Robert H. Lyon,
head of 1c production, says that the division expects to zoom from a
4.5% share of market now to 20% in six months—a good performance
in any league. It will do it the old-fashioned Motorola way—with pro-
duction and delivery. “We're going flat out on TTL,” Lyon says. “We've
been stocking TI's 54/74 series for about six weeks. And we also have
Sylvania’s susL 1 and sunr 2 lines, plus our own TTL-2 line. We'll try
to control 60% to 70% of the sunL market on the basis of our big yields

and low costs.” That sounds like the old Motorola.—Lawrence Curran

losing proposition during 1968.

Jelly beans. Hogan feels that
Fairchild’s technological leadership
gives him more marketing flexibil-
ity than he had at Motorola. He
says: “Sure, I built Motorola by
copying. We second-sourced the
whole industry. The idea was to
learn to turn ‘em out like jelly
beans. Well, I won’t change my
personality completely, and you al-
ready know that I don’t have any
pride in the matter.

“But in copying, timing is very
important. Maybe it’s too late to
copy the Texas Instrurnents line of
transistor-transistor logic, for in-
stance. We might be a hell of a lot
better off not doing it. A year ago,
there would have been no doubt,
but now the question is whether to
copy or to go to medium-scale in-
tegration. When I was at Motorola
I had no choice; here, I do.”

Hogan indicates that he has not
made the choice yet. Fairchild
showed its entire MSI line to big
customers last spring, and reports
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that the reception was excellent.
Hogan does say that he doubts
Fairchild would second-source Mo-
torola on MECL circuits. “Fairchild
has already built emitter-coupled-
logic circuits for the RCA Spectra
70 computer, and we have develop-
ment programs for current-mode
logic (of which ECL is an example)
with the Control Data Corp., the
General Electric Co., and Univac,”
Hogan says. “These programs are
well along, with thousands of de-
vices made.”

The cup and the lip

It’s clear that even if Hogan does
not intend to change the basic na-
ture of Fairchild Semiconductor, he
has some bold plans for it. The
question is now whether—and how
quickly—they can be carried out.
One continual problem at Fairchild,
for instance, centers on the transfer
of that vaunted technology from the
lab to the production line. Some
former employees think that the
difficulty may be that product man-

agers have profit-and-loss respon-
sibility and are therefore unwilling
to attend to new items, which al-
ways lose money at first.

But Hogan will continue his Mo-
torola policy of keeping profit re-
sponsibility at a low level, on the
theory that “you can’t force a man
to do what you want him to do and
then hold him responsible for the
results.” He anticipates no real
difficulties in mating R&D and pro-
duction—a problem that gave his
predecessors fits.

Another theory about this diffi-
culty is that R&D isn’t working in
areas important to new products.
But Hogan says: “The R&D work
I've seen is extremely pertinent to
what we’re making.”

Us against them. One problem
that Hogan created himself con-
cerns morale. “With nearly a score
Motorola alumni in positions of
responsibility, he’ll have to work
fast or there’ll be a ‘we and they’
attitude in the plant,” says a for-
mer employee. The evidence sug-
gests that Hogan is indeed working
fast; the latest reports from insiders
are that middle management is los-
ing whatever distaste it had for the
newcomers.

“If you had been around here in
the first week, you’d have noticed
there definitely was a morale prob-
lem,” Hogan says. “There must
have been a dozen good people
with their resignations written. But
people really work for a challenge;
if I can give them this, not frustrate
them in their work, and make them
respect me personally, there will
be no morale problem.”

Hogan’s own morale may depend
on how free a hand he has to run
the corporation. Board chairman
Sherman M. Fairchild has ousted
presidents before. “My power,” Ho-
gan says, “is proportional to how
I do the job.”

The job at the Semiconductor di-
vision is expected to take about six
months. Hogan declines to say how
soon he will give up the general
managership, on the ground that
too firm a date might give his
would-be successors a case of ul-
cers. “The Semiconductor division
has the greatest importance to and
the greatest potential in the corpo-
ration,” he says. “Let’s just say that
I think I can build another machine
that runs without me—like the one
in Phoenix.”
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You say you want a

low-profile snap-in mounting push button switch or
matching indicator that is interchangeable with most
4-lamp displays . . . available in a full range of cap
colors . . . with a choice of bezels with or without
barriers in black, gray, dark gray or white.

and a

legend presentation that's positive (like this one) or
negative (like the one below) or justﬁ?lain (like the one
above) ... one that's white when “off" and red, green,
yellow (amber), blue or light yellow when “on" .. .

or colored both “on” and “off.”

anda

highly reliable switch proven in thousands of
installations . . . available in momentary or alternate
action ... N.O., N.C. or two circuit (one N.O., one
N.C.) . .. that accommodates a T-1% bulb with midget
flanged base, incandescent, in a range of voltages
from 6—28V.

ete.
ete.
éeflc.

Now, Dialight gives you
custom panel designing with a
standard line of push-button
switches and mateching indicators

Dialight offers a broader range of switch and indicator
possibilities than you'll find anywhere in a standard single-lamp
line. Sizes: 34”, 17, 54” square and round. Send today for
our new taull-color catalog L-209.

DIALIGHT

Dialight Corporation, 60 Stewart Ave., Brooklyn, N.Y. 11237 DT-124
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Military and aerospace
equipment demands proven
reliability. Thats w
Dytronics specifies capacitors
of MYLAR

Dytronics Co., Inc., of Columbus, components we select. Hundreds MYLAR has high tensile and dielectric
Ohio. makes Primary Phase Angle of our Primary Phase Angle Standards  strength. Its unexcelled thinness has
Standards that are used all over the are in military usage. and we are not enabled manufacturers to reduce size
world in all temperature extremes. aware of a single failure of capacitors and weight in capacitors.

Each precision unit uses 70 - = of MYLAR...we feel that this is Isn’t that reason enough for you
capacitors of MYLAR* ; - evidence of both the reliability  to consider capacitors of MYLAR in
polvester film. \Why i M| - A P and performance of MYLAR your designs? For additional informa-
MYLAR? Here's what Paul &~ 3 and we find that capacitors of tion write to Du Pont, which offers the
Ryan, President. had : . MYLAR cost about the same thinnest, most versatile range of

to say: "*Military and major || "“&‘ 9 as those made of paper.” capacitor dielectric materials available.

aerospace facilities cannot |
afford equipment failure,
and we must be sure of the

124 Circle 124 on reader service card

plus excellent resistance to
most chemicals and moisture. Mﬁ MYLAR’

MYIL.ARoffers thermal Address: Du Pont Co., Room
stability from —70°to +150°C.,  5852B. Wilmington, Delaware 19898.

ar.orr

AT

A typical part of the Primary Phase Angle Standard
shown above with four capacitors of MYLAR (green).
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Industrial electronics

Utilities go slow on automation

Power companies are good customers for displays and microwave gear,
but they're still reluctant to use computers in closed-loop systems

By Peter J. Schuyten

Assistant editor

Almost three years after the mas-
sive power failure that blacked out
over 80,000 square miles of the
northeastern U.S. and parts of Can-
ada, utility executives are still drag-
ging their feet on automation. Prod-
ding by Federal agencies has so far
had little effect; power companies,
which are among the electronics in-
dustry’s steadiest customers, in the
main, refuse to introduce computers
into critical closed-loop operations
on the grounds that available sys-
tems simply aren’t reliable enough.

When accused of an unprogres-
sive attitude, power company offi-
cials cite computer statistics—over
500 machines are now in use in the
industry—and point to microwave
communications links and real-time
displays that provide second-to-sec-
ond system overviews.

Among others, Alfred Gruhl,
president of the Wisconsin Electric
Power Co., traces his firm’s com-
mitment to electronic hardware
back to the mid-1950’s. And Elmer
Kaprelian, manager of power con-
trol at the Pacific Gas & Electric
Co., says PG&E began using elec-
tronic apparatus to improve control
and reduce transmission losses as
long ago as 1950.

Monitor. However, officials at the
Federal Power Commission con-
tend that, in light of the Nov. 9,
1965 blackout, there’s plenty of evi-
dence to suggest that utilities could
be doing a lot more to avail them-
selves of electronic instrumentation
and techniques.

In its final report on the blackout,
the FPC strongly recommended
more automated controls and in-
strumentation for power stations.
“As recently as 15 years ago, a util-
ity would never publicly admit that
its load could possibly be inter-
rupted,” notes a source at the regu-

Electronics | September 30, 1968

latory agency. “But the blackout
changed all that. Companies are
now willing to concede that unless
loads are reduced during disturb-
ances they run the risk of having a
total interruption. More electronic
systems—metering devices, dis-
plays, computers, and the like—in
central control stations could min-
imize the possibility of failures.”
Among the comparatively few
utility executives who agree is Ray-
mond C. Burt, chief of computer
operations at the Los Angeles De-
partment of Water & Power. He
says: “We are doing things now we
couldn’t do without computers.
Automation should minimize the
chances of a major blackout be-
cause it enhances reliability.”

Air of suspicion

But most power companies are
cautious when it comes to really
advanced technology. “Electronics
equipment, particularly computers,
is a tremendous tool in helping to

operate a power station,” says Ken-
neth E. Wolters, manager of elec-
trical operations at Wisconsin Elec-
tric. “But I wouldn’t want to depend
on the machines completely. There
are just too many weak links—for
example, peripheral equipment and
communications.”

This attitude is partially echoed
by John F. McQuillan, assistant to
the vice president for planning at
Allegheny Power System Inc. He
feels the FPC is wrong in assuming
computers are a cure-all, and points
out that just about every modern
power company is using processors
in some aspect of system control.
But these machines, per se, won’t
stop blackouts, says McQuillan. “A
power system is a large and com-
plex operation, and power people
are just not to the point where
they’re ready to start running a
whole system by computer in a
closed-loop operation.”

Mixed bag. One of the problems
with computer systems, as far as the

Last stand. In the power industry, display consoles like this one
are gradually giving way to on-line color cathode-ray-tube systems.
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...computers can handle routine tasks
but can’t manage system disturbances. ..

power companies are concerned, is
the lack of hardware standardiza-
tion. For instance, E.D. Scarth, vice
president of the Texas Electric
Service Co., says, “Every machine
you try to use represents an in-
dividual case, and you have to
develop individual programs.”

This concern over programing is
heard again and again in the power
industry. A spokesman for Chi-
cago’s Commonwealth Edison Co.,
while acknowledging growing pres-
sure from the FPC for more com-
puter controls, says: “This com-
pany doesn’t subscribe to the belief
that the closed-loop operation of an
entire system is a viable way to
prevent further blackouts. Not with
the present state of the art. Pro-
graming for all conditions remains
the number one problem.”

Wolters of Wisconsin Electric
goes a step further, maintaining
that he doesn’t believe absolute sys-
tem security can be programed now
or even in the near future. “Com-
puters can be used to control most
day-to-day operations, but not sys-
tem disturbances,” he says. “No
two blackouts are the same; con-
ditions vary, and computers are no
better than the information pro-
gram :d into them.”

Power play

But an official at another power
company doesn’t believe the com-
plexities of power generation and
transmission are the real issue. “Ul-
timate control is the question.” he
says. “And even the theoretically
built-in reliability of the newer gen-
eration computers is insufficient for
closed loops.”

The question of computer relia-
bility is even more critical in the
case of power pools, or intercon-
nected series of systems. Such net-
works generally use extra-high-volt-
age (345,000 volts) distribution
lines, and 1nost state-of-the-art elec-
tronic gear is not designed to deal
with the huge surges of power that
frequently occur. Since the advent
of EHV lines a few years ago, a
number of companies have had to
rewrite their equipment specifica-
tions to take this factor into account.
But a spokesman for Common-
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wealth Edison, one of the compa-
nies affected, emphasizes that the
problems involved in interfacing
electronic equipment and EHV
grids are surmountable.

Standing pat. In the final anal-
ysis. says an industry insider, the
reluctance of the power companies
to computerize their operations is
based as much on a desire to pre-
serve the status quo as on any real
or imagined shortcomings in hard-
ware and software. An official at
the FPC assesses the situation this
way: “It’s true that electronic sys-
tems haven’t yet proved reliable
enough to justify a wholesale shift
to closed-loop generation and trans-
mission operations. But they soon
will, and it behooves the industry
to be ready.”

This source believes the current
state of affairs is rather like the one
prevailing in the early 1950’s, when
power companies were first starting
to install open-loop computer sys-
tems. “There were some pretty big
problems that took a long time to
solve,” he says. “There’s no ques-
tion but what the difficulties made
skeptics out of a lot of operators.
And these memories are a long time
dying. But as soon as computers
prove beyond doubt that they will
work and can provide safer opera-
tions, utilities will have to start us-
ing them extensively in closed-loop
control systems.”

Get-togethers

The FPC official notes that as a
direct result of the blackout, a num-
ber of computer-based installations
are planned around the country
to improve network distribution.
Among the programs in progress:

s The Northeast Power Coordi-
nating Council is going to put a
computer in its master control cen-
ter to upgrade data-handling and
monitoring activities throughout the
region.

» The PJM (for Pennsylvania,
New Jersey, and Maryland) inter-
connection has installed a processor
in Philadelphia; the machine will be
a central control and monitor unit
for the entire network.

» ECAR (for the East Central
Area Reliability Group), a large in-

terconnection made up of Indiana,
Illinois, and Ohio power compa-
nies, is planning an installation
similar to the PJM’s.

= The New York Power Pool, an
association of the state’s eight larg-
est utilities, broke ground in July
for a computerized control center.
This facility will oversee the state-
wide system and coordinate opera-
tions with neighboring pools in
New England, Canada, and the PJM
area.

In addition, a number of studies
are being carried out on the appli-
cation of electronic controls and
computers to electrical power gen-
eration and distribution networks.
For example, the New York State
Department of Public Service has
undertaken a survey of the field. On
the corporate side, the International
Business Machines Corp. is prepar-
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Tall order. This microwave tower
anchors American Electric Power’s
1,700-mile data network. Utilities
try to avoid using common carriers.
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Protect your critical functional
systems against damage from
temperature changes —whether in
aircraft, missiles, space vehicles,
military ordnance, aerospace
ground equipment or industrial
equipment. It’s a snap, with United
Control’s inherently simple, snap-
acting, bimetallic disc thermal switches.
Refined and perfected to put
maximum emphasis on precision,
reliability and flexibility of
application. For more information,
call or write United Control.

UNITED CONTROL

A SUBSIDIARY OF SUNDSTRANDO CORPORATION
REDMDND WASHINGTDN 98052 - PHONE (206) 88%-371
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Help wanted

One unusual problem faced by electrical utilities is their difficulty in
getting qualificd EE’s to pass up more glamorous and generally higher-
salaried jobs with electronics and aerospace firms. Glenn W. Stagg, as-
sistant vice president for computer applications at the American Electric
Power Co., says, “We can get all the control computers we want, but
getting the people to run them is another story.” Stagg and others in the
power industry say most engineering students aren’t aware that the power
companies have anything at all to do with electronics.

Several utilities are trying to solve their manpower problems through
intensified recruiting efforts and summer internships. The Los Angeles
Department of Water and Power, for example, employed some 60
engineering students this summer; it hopes at least 18 or 20 will return
after graduation.

Another approach being taken by some firms is to get faculty members,
as well as students, involved in summer projects. And in a few cases,
power company engineers themselves are taking leaves of absence to
teach courses at engineering schools under programs sponsored by the

industry.

ing a report, as is the North Amer-
ican Rockwell Corp. under a con-
tract from the Bonneville Power Ad-
ministration. These reports haven’t
been completed yet, but it’s the
guess of FPC insiders that when
they are, there’ll be more grist for
the automation mill.

Shopping list

Bill Summers, a consultant with
Ebasco Services Inc. and the archi-
tect of MARC (monitor and results
computer), a series of computer
specifications that have been gener-
ally accepted by the power indus-
try, believes the field simply has to
get over its distrust of the closed-
loop concept. “We're going to have
to go to the loop; most power sys-
tems—especially the large pools—

are getting far too complex for men
to operate,” he says. Summers feels
that when the loop finally comes it
will take the form of a time-shared
logic system with built-in redun-
dancy. The hard-wired systems now
being used for open-loop operations
aren’t flexible enough to take care
of every contingency, he says.
Summers also foresees a need for
better transducers. He says it’s im-
possible to get the 100% accuracy
demanded of present equipment by
a closed-loop system. “One way of
obtaining this kind of precision is
to have the meters cross-check each
other on a real-time basis,” he says.
Concept. One utility making prog-
ress toward a completely closed-
loop system is the Los Angeles De-
partment of Water and Power,

Leading light. This real-time color cathode-ray-tube display system
being installed at Houston Light & Power will be completed next year.
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which is now installing two IBM
1800 processors. These machines
will form the basis for real-time
power operations in smaller closed
loops within the network. The ma-
jor calculations needed by the 1800
systems will be handled by an IBM
360/50 machine on a priority-inter-
rupt basis. The 360/50 will also
store data collected by the 1800’s.
Two analog computers built by the
Leeds & Northrup Co. and now
used to handle low-frequency con-
trol functions will be phased out
in favor of the new machines.

The Los Angeles system will also
include two real-time cathode-ray-
tube consoles for load dispatching;
all information and commands will
be entered through an alphanu-
meric keyboard or with a light pen.

In another area of the country,
the Houston Lighting & Power Co.
is building a center that will house
two computers and real-time color
crt’s on which the schematics of
any one of 300 different substations
can be displayed upon command.
Like the Los Angeles system, the
Houston setup will incorporate cer-
tain closed-loop operations.

Along with displays and com-
puters, telemetry equipment—par-
ticularly microwave gear—is high
on the power industry’s electronics
shopping list. William Gregory,
who heads the meter and communi-
cations section at the American
Electric Power Co., says the utili-
ties have found that because of the
size and complexity of their sys-
tems and their increasing need for
reliability in data transmission, the
common carriers just can’t provide
an adequate service.

His firm has one of the largest
microwave networks in the industry
—more than 1,700 miles. Readings
from 40 generating units are
brought to a central station in Can-
ton, Ohio. Gregory asserts that
common carriers just can’t satis-
factorily handle either the speed—
up to 340,000 bits per second—or
the size of the data load. AEP, like
most public utilities, uses the 2- and
6-gigahertz bands.

A common complaint in the
power industry, though, concerns
the small number of manufacturers
engaged in selling r-f heterodyne
equipment and other microwave
gear. There isn’t much competition,
officials say, and this results in high
prices and poor quality control.
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Range 1 Hz to 2 MHz Data Tech’s digital oscillator is the

Resolution to 1 Hz

Sweeps any decade

new frequency source for testing in
the lab and on the production line.
Scarcely more expensive than the
best continuously-tuned signal gen-
erators, it delivers precise, known
frequencies and is built to be pro-

grammed for automatic tests. Fre-
quency selection, sweep selection,
and output level can be controlled by
incoming logic. signals. All features
described here are standard at the
standard price: $2495.

Send for complete data.

Fully programmable

Frequency
synthesizers
come down
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By habit,
loose jobs got
carbon comps.

Until Corning.

Now, you have another choice.
Glass tin oxide film.

Corning makes them.

In the general purpose range.

Makes them with a base of
pure optical glass. And a fully
oxidized metal film.
Environment can’t degrade
either. Film and substrate are
molecularly bonded. Matching
TC’s do away with fatiguing
stresses. Special silver-glass
composition insures low
termination noise.
Press-fitted end caps mean
mechanical integrity. Tailored
tough insulations wrap them
up. It all adds up to

PV Rl ORI VR <

long-term dependability.

General purpose, precision,

or special, CORNING™* Glass

Tin Oxide Film resistors are a
better buy—by design. From

1/10 watt in .150”, up to 6000
watts in six feet, they’re all
shown in our new , 3y,
Resistor Design Guide.

Get your copy from:
Corning Glass Works,
Electronic Products Divisiof
Corning, N.Y. 14830.

CORNING
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Computers

ARPA network will represent

integration on a large scale

Agency hopes to tie about 1,500 remote terminals to 35 different computers
across the country within two years; it will soon order the interface units

By Paul A. Dickson

Washington regional editor

Variety is vagary, not spice, as far
as most computer users are con-
cerned. Nevertheless, the Defense
Department’s Advanced Research
Projects Agency is well along with
its plan to link a motley assortment
of multilingual machines in a coast-
to-coast time-shared network by
1970 [Electronics, Sept. 16, p. 62].

“Almost every conceivable item
of computer hardware and software
will be in the network,” says Law-
rence G. Roberts, assistant to the
director of information processing
at ARPA. “This is the greatest chal-
lenge of the system, as well as its
greatest ultimate value.” Most—but
not all—of the private organizations
participating are enthusiastic about
the prospects and potential involved
in networking incompatible—or in-
homogenous, in Pentagon parlance
—computers.

Double duty. The ARPA network
will eventually include about 1,500
remote consoles tied to 35 proces-
sors in 19 locations across the U.S.
Roberts says ARPA has two princi-
pal goals in connecting machines
of different designs and capabilities
into a load-sharing net. For one
thing, the agency wants to give a
helping hand to its farflung research
contractors. For another, it's anx-
ious to develop new skills and tech-
niques that might be applied to
military computer systems.

According to plans, users will
have instant, on-line access to all
the programs at other remote cen-
ters. In theory, then, researchers
will be able to avail themselves of
the best possible means of attend-
ing to specific tasks. For example,
a difficult matrix or simulation
problem could be shuttled to the
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high-speed Illiac 4 at the University
of Ilinois from a site with a slower
machine. Roberts feels the eventual
payoff in efficiency could be sub-
stantial as duplication is eliminated
and experience gained.

As for the second goal, Roberts
says: “One of our biggest jobs at
ARPA is to create something of value
for the military. In this case, the
value is obvious. Officers using
command-and-control systems need
to communicate among different
computers and equipment. This is
one of the long-term assets of the
network. But I can’t say for sure
when such concepts would be ap-
plied to command and control.”

Timetable

Roberts identifies five basic func-
-ions the network will provide: load
sharing, message transmission, data
sharing, program sharing, and re-
mote service. He feels that the proj-
ect has been making good progress

since it was approved last year.
Earlier this month, bids were re-
ceived from companies wishing to
build interface message processors
(Imps), units that will provide store-
and-forward switching for mes-
sages between the computers. The
Imps, which will be ordered shortly,
are, in effect, digital computers with
channels for communications lines
and the sites they serve.

The Imps will perform eight es-
sential functions: breaking mes-
sages into packets; management of
message buffers; routing messages;
putting messages into proper for-
mat; coordination of activities with
other Imps; coordination of activi-
ties with on-site users; measure-
ment of network parameters and
functions; and detection of faults.

The system will go through a dry
run next year using the Imps. A
subnet linking computers at the
Stanford Research Institute in Palo
Alto, Calif., the University of Cal-

Sharing technology

During the 10 or so years it has been in business, the Pentagon’s Ad-
vanced Research Projects Agency has been in the forefront of advances
in computer applications and techniques. Perhaps the most dramatic
example of the agency’s capacities in this field is the work it started
in 1963 that led to time-sharing. Earlier development projects involved
command-and-control systems, management information, and remote
sensing. Because of the military’s vast purchasing power, such activities
necessarily have a strong impact on computer makers’ design efforts.

The agency is also supporting work on computer hardware design and
programing. Two projects of note in the first category are the macro-
modular, or building-block, approach to computer construction now being
investigated at Washington University in St. Louis, and the supercom-
puter, Illiac 4, being built at the University of Illinois. Besides sponsoring
a number of software research projects, the agency is doing the pro-
graming for the National Military Command System, as well as for
several advanced time-shared Defense Department nets.
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The uses of diversity

The line-up of processors in the Advanced
Research Projects Agency's computer
network is notably varied. To wit:
= University of California, Berkeley, Calif.—
SDS 940 and SCC 6700
= Stanford University, Palo Alto, Calif.—
PDP-6 and PDP-10
= Stanford Research Institute, Palo Alto, Calif.—
two SDS 940's N
~~~a University of California, Santa Barbara, Calif.— ]

or' —
}

1BM 360750 - ) P
J = Bolt, Beranek & Newman, Van‘MJya, CjAf <%
/ SDS 940 and PDP-10 —T _A i
,/ = Rand Corp., Santa Monica, Calif. —mvHsoo /‘. -
and PDP-6 == I
m Systems Development Cor, M’MOmca' ——
alif.—IBM 368/60and 360/65 - = -.\_. i<

California-at LnsAngebs ]
Sigma 7 L
= University of Utah, Salt L,akeﬁwyﬂrtah—
nivac-1308——
= Washington University, St. Louis, Mo.—
special equipment (macromodular)
\ u University of lllinois, Urbana, IlIl.—
“w. B-6500 and llliac 4
"= University of Michigan, Ann Arbor, MICh — ‘1
IBM 360467 E s
s Carnegie- McJIunl.[mversnty, Pttf§bmgh Pa.—
IBM 360/67, Univac 1108, and G-21 \
= Dartmouth College, Nanover, N.H.—GE 635 )
= Harvard University, Campridge, Mass.— —
1BM 360/50, SDS 940, and PDP-1
= Massachusetts Institute of Technology,
Cambridge, Mass.—IBM 7094, GE 645,
PDP-6, and PDP-10
s Lincoln Laboratories (MIT), Cambridge, Mass.
—IBM 360/67 and TX-2
= Bell Telephone Laboratories, Murray Hill, N.J.—
GE 645
= Advanced Research Projects Agency,
Washington, D.C.—DEC 338

10% more to run the computers as
a network than individually. He
adds that annual operating costs
may average $40,000 per site.
ARPA is convinced that the sys-
tem will not be inordinately expen-
sive to operate, but there are a lot
of technical problems that must
still be attacked. And, as Roberts
notes, system users—or hosts as
they are referred to around ARPA—
will have as big a job to do as the

ifornia at Santa Barbara, the Uni-
versity of California at Los Angeles,
and the University of Utah in Salt
Lake City, will be put into opera-
tion. The contractor that’s chosen
will build, program, and install four
Imps, as well as demonstratc the
network’s feasibility through the
subnet. After evaluation and final
design changes, Imps will be pro-
duced for the whole system.

Net worth. The completed net-

work is designed to be fast, with
50-kilobit-per-second high-quality
telephone lines between Imps.
(These lines will be able to handle
burst rates of 100 to 200 kilobits
per second.) This means stations
along the network line can get in
touch with one another in no more
than half a second. Though Roberts
is still unable to put a price tag on
the work involved in getting the
system going, he does predict that
in operation it will cost only about

132

contractor.

According to Roberts, the ARPA
research contractors at universities
and such organizations as the Rand
Corp. and the Systems Develop-
ment Corp. are generally agreed
that the network is a good idea. He
concedes, however, that enthusiasm
varies among them in direct propor-
tion to the relative size of their
assigned work loads.

For one thing, users will have to
adjust their operations to link them-

selves into the networks. The nec-
essary changes aren’t yet clearly
defined, Roberts says, but at a mini-
mum, the addition of new subrou-
tines will be required. “As we get
into the subnet we’ll learn more
about this situation,” he goes on.
“But one thing’s for sure—the host
will have to modify his software to
interface satisfactorily with the
Imp.”

Some hosts will have more to do
than others. For example, the Stan-
ford Research Institute will per-
form the important role of librarian,
cataloging the network’s documen-
tation. The SRI setup will permit
users to search for key words to
help them solve problems, browse
through sources, and update the
master file with the latest informa-
tion on local programs.

Another host slated to perform
yeoman service for the network is
UCLA. The university’s installation
will analyze programs and study
network performance. In the com-
pleted configuration, the Imps will
be able to gather network data at
the request of UCLA. Any user
wanting such information can ask
UCLA,; it will be forwarded in raw,
or analyzed, formats. The university
will monitor and schedule all such
work for both ARPA and individual
users.

Vocal affiliates

The response to the project from
ARPA contractors and those affil-
iated with the network ranges from
eager testimonials to critical put-
downs. Leonard Kleinrock, an in-
vestigator for the network at UCLA,
says, “It’s one of the freshest ideas
to come along since time-sharing.”
But at the other end of the country,
Malcolm M. Jones, assistant direc-
tor of the Massachusetts Institute
of Technology’s Project MAC (for
machine-aided cognition), which is
to be part of the net, is reluctant to
endorse the system. Jones is con-
cerned about the network’s effec-
tive use. He worries that while it
will widen a user’s data base and
add new programs, there may be
no efficient way of informing the
network’s users of what’s available
to them.

“How do users a nation apart find
topics of mutual interest when talk-
ing across console rather than
across a table?” Jones asks. Relat-
ing the situation to his own experi-
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design room
with the new
space watchers’ diet

Centralab’s new, low cost SLIM TRIM Resistor is the ideal
prescription for designers who have to make every frac-
tional inch of space count. The Slim Trim takes so little
room, it all but disappears in entertainment, military and
industrial applications.

Out of sight, but not out of might. The Slim Trim is
rated at 1/4 watt per section at 70° C, and offers resist-
ance values ranging from 100 ohms to 15 megobhms.
Maximum voltage is 350 volts, which may be exceeded
in special applications.

The unit is built on a .025” thick base plate of alumina
to provide more effective heat dissipation. Carbon com-
position resistance is bonded directly to the plate for
maximum reliability.

In addition to variable resistors, units can be supplied |
with fixed resistance as well. Multiple units with two,
three or four sections are available. Single and multiple
units are available with “hat”” knobs, low profile knobs or
without knobs. An edge adjust knob is available on single
its only. Unit cost is as slim as under $.07 in quantity.

hen design spaces are bulging, a diet of Slim Trims
space watcher’'s best friend.

OR SAMPLES AND MORE INFORMATION ON SLIM TRIMS
AND THE COMPLETE LINE OF CENTRALAB PRODUCTS, ||
WRITE CENTRALAB, TODAY. CENTRALAB PRODUCTS ARE
MARKETED THROUGH CENTRALAB INDUSTRIAL DISTRIBU-
TORS AND INTERNATIONALLY THROUGH GLOBE-UNION INC.
— INTERNATIONAL DIVISION. |

SPECIAL NOTE: Have you investigated the new, low cost of

. |
Centralab’s 5TR miniature trimmer resistors? 1-,1:
)
!
sl
n
|

CENTRALAB [ |
Electronics Division y ‘

GLDBE-UNION INC.
5757 NORTH GREEN BAY AVENUE

MILWAUKEE, WISCONSIN 53201

;zéﬁ ! i =z sl S ._)_:A:imzuzgm"_&l
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Couch 2X 1/7-size relays
meet MIL-R-5757D/19 in
1/25th of a cubic inch

The new, third generation Couch 2X
relays solve switching problems where
space and weight are critical. Thor-
oughly field-proven in electronic and
space applications. Relays are de-
livered fully tested. Additional screen-
ing tests available at your option.

2X 1X
(OPDT) (SPDT)

Size 0.2"x 0.4”x0.5” same
Weight 0.1 ox. max. same
Contacts 0.5amp@30VDC same
Coil

Operating

Power 100 mw 150 mw 70 mw 100 mw
Coil

Resistance 60 to 4000 ohms 125 to 4000 ohms
Temperature —65°C to 125°C same
Vibration 20 G to 2000 Hz same
Shock 75 G, 11 Ms same

Broad choice of terminals, coil resistances,
mounting styles. Write for detailed data sheets.

RUCCED ROTARY REIAYS h'.” Oynamvcally and Statxcally 8alanced

‘
Z 1894

COUCH ORDNANCE INC.

3 Arlington St., North Quincy, Mass. 02171
Area Code 617 CYpress 8-4147

A subsidiary of S. H. COUCH COMPANY, INC.
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... sites with small computers could
gang up on those with small machines...

ence, he says: “Here at MAC, linked
files are just about equal to, or
greater in number than, unshared,
private files. Most of these links
were developed through personal
contacts or discussions of common
problems. It’s hard {or me to see
how this might be carried out on a
depersonalized national scale.”

Hindsight. Others share Jones’
concern about how humans will be
able to interact effectively. Richard
G. Mills, director of MIT’s informa-
tion processing services and a par-
ticipant in the early planning for
the ARPA network also feels that
geographical separation and user
isolation may limit the network’s
utility. Mills believes the problem
may grow as the user population
increases. “The systems engineer-
ing implications of such a computer
network should have been investi-
gated thoroughly,” he says. “There
should have been a definition of the
relationship between a man and his
program, as a unit, and the distant
central machine or other data proc-
essing gear with which they are
working.” In other words, Mills be-
lieves ARPA put the cart before the
horse by going ahead on intercon-
necting computers before determin-
ing what the benefits of such a net-
work would be.

But others are quick to dismiss
those doubts. One of those imple-
menting the system at SRI expects
“big problems” in programing, but
he defends the system on the
grounds that it will create new
working relationships as people be-
come aware of what others are do-
ing through the sharing of func-
tional data. He predicts that the net
will act as a stimulus to research
because of its capacity to enhance
communications.

Roberts acknowledges the valid-
ity of questions about human inter-
action and feels ARPA is addressing
itself to the problem. He says the
on-line reference library at SRI will
help in this area since it will keep
everyone in touch with what is
available. Users, he points out, will
be expected to keep an up-to-date
accounting of capabilities at their
own centers and at SRI. In addition,
Roberts says ARPA is planning to

have annual meetings to brief users
on network capabilities.

But a number of problems may
arise after the computers have been
introduced to one another. For ex-
ample, Roberts notes that sites with
smaller computers could start
“ganging up” on those with larger
processors. This could mean that a
lot of work could be thrust upon,
say, the Univac 1108’s in the net-
work. Roberts says this issue will
have to be resolved after the net is
in operation; it may mean setting
up availability schedules for the
larger units. But Mills of MIT, for
one, is worried about such alloca-
tions of computing power: “Our
computer, as well as those of others,
are in constant use, and resource
allocation is a continual problem.
There is some question as to who
should be served first, an unknown
user or our local researchers.”

The problem of security is min-
imal in the network since neither
classified nor proprietary informa-
tion will be stored in the computers.
But experimental or in-progress
programs not suitable for use by
the network are to be stored within
the system. In addition, many of
the sites are on college campuses
and the computers are shared with
these institutions; thus, there will
have to be safeguards to prevent
legitimate machine users who
aren’t part of the ARPA team from
siphoning off the available com-
puter power.

While there’s little doubt that the
network will have some impact on
military systems of the 1970’s, a
case can also be made for its effect
on civilian and commercial systems.
Says Kleinrock of UCLA: “The net
definitely represents a step forward
in the state of the art in time-shar-
ing. The ARPA experiment is vital
in that a comparable setup is a
likely candidate for any large Gov-
ernment or commercial computer
time-sharing system of the future.”
Even the generally skeptical Jones
is willing to concede this point. He
believes that if the many compati-
bility problems posed by the net-
work are solved, future time-shar-
ing nets should be more efficient
and less expensive.

Electronics | September 30, 1968



S

B w4y wt whin

Readouts clear up problems.
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Polaroid circular polarizers clear up readouts.

Reading readouts is never a
problem—if they're equipped with

Polaroid circular polarizers.
Our polarizers improve readabil-
ity from every angle by increasing

contrast, In daylight. Or even in

Polaroid®

brightly lighted rooms.

But now you don't have to take
our word for it. Send for our new
brochure, and we'll include a sample
circular polarizer. It will help you see
very clearly why many major display

and instrument manufacturers are
now using Polaroid circular polarizers,
Write Polaroid Corporation, Po-
larizer Sales, Department 59, Cam-
bridge, Massachusetts 02139.
Polaroid Circular Polarizers.

Circle 135 on reader service card



If your LSI performs like LSD...check for H, 0!
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9 INCREASE IN WEIGHT VS. 1060 HOURS AT 93% R.H. AND 70°C
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Moisture absorption of most plastics can lead to
critical conditions in devices — whether LS| or
simple diodes.

But, devices packaged in silicone molding com-
pound are physically and electrically stable after
long term exposure to both high humidity and
operating temperatures—as shown by the graph
above. This stability means more reliable operation
at full rated device power without failure due to
moisture absorption . .. less need to provide
other circuit embedment or encapsulation.

This is just one of the many reasons why more and
more equipment manufacturers are turning to de-
vices packaged in Dow Corning® silicone molding
compound — whether those devices are simple
diodes, power rectifiers or integrated circuits.
Some of the other reasons—

No derating necessary. Devices and components
packaged in silicone molding compounds can be
operated at their full power potential. This permits
designs with higher density of devices and com-
ponents. One manufacturer of glass packaged
power diodes reduced his part's volume to 1/30th
by using silicone molding compound. Compared
to other plastics, size is from 1 /5th to 1 /3rd smaller
since derating due to package material instability
is not required with silicone molding compounds.

No cracking. Dow Corning silicone molding com-
pounds—unlike other thermal setting plastics—are
virtually unaffected by heat aging and thermal
shock. For example, a power resistor molded in
Dow Corning® 307 molding compound. was sub-
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jected to repeated cycling from —65 to 350 C with-
out damage to the packaging material or the
component. Subjected to 1000 hours at 300 C (572
F) Dow Corning brand molding compounds show
no significant change in physical and electrical
properties.

Will not burn. Silicone molding compounds are
inherently nonburning. Thus, components pack-
aged in silicone molding compound will not con-
stitute a fire hazard. No flame snuffers are needed

. a source of ionic contamination for devices
packaged in organic plastics. With silicone molding
compound there are no ionic or polar constituents
to affect junction performance when properly used.

Competitive price. Dow Corning silicone mold-
ing compounds cost only a fraction of a cent per
device. Thus, they enjoy a substantial price ad-
vantage over metal cans and glass packages.

Manufacturing economies. Transfer molding
enables devices and components to be packaged
with a minimum of manual labor and supervision.
Good mold release and minimum flash assure high
production rates . . . reduced deflashing costs.
These manufacturing advantages make silicone
molding compounds totally competitive with
organic plastics.

So, why chance a device failure because of a cheap
plastic package? Put silicone molding compound
protected devices and components into your elec-
tronic equipment. For technical data, write to:
Dept. A-84€7, Dow Corning Corporation, Midland,
Michigan 48640.

DOW CORNING

DOW GCORNING e
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Are you going to do something now about your identification problem?

If you're in the business of making things, you can't escape the business of
marking things. And the business of identifying electrical and electronic
components can be a messy (and costly) problem. But it doesn’t have

to be, with the right kind of heip.

Markem can help by supplying the best machines, specialty inks,
printing elements and other supplies you need. We can help by being
there whenever you need service, whenever an operator needs
training. But mostly we can help by coming up with new ways to
give you better identification for less money. For example, we
recently introduced an Instant Type Former which lets you make
metal type in-plant, as needed. No waiting for delivery . . . you can
form new type inserts in less than a minute by simply

“dialing” the legend.

We can also show you how to combine sequential

numbering with identlfication . . . how to print 14

characters plus trademark in an 0.125" diameter area . ..

how to produce ciear imprints on recessed, irregularly-

curved and other difficuit surfaces . . . how to safely

mark flat-pack ceramic I.C.’s either in or out of

carriers . . . how to color-band axial-lead

components with up to 6 different bands at

high rates of speed.

1t doesn’t cost a dime to have one of our

‘ analysts come to your plant to discuss your
particular identification problems. His ideas

could save you a lot of headaches. And a lot of
money. Call your local Markem Sales office or
Bernie Toomey at 603-352-1130. Write for our new
“Problem Solver" booklet.

Markem Corporation,

il e ————— 305 Congress St., Keene, N.H. 03431.

MARKEM

c6521

£5165651
jSAN
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If you want to know
what wire costs,
don'tlook at a price list.

Ask people.

ASK A DESIGNER...He measures
aninsulation by whatit lets him
accomplish. Before you specify the
insulation for your next design,
make a value-in-use analysis of
TEFLON?,
ASKA PRODUCTION MAN...
He'll emphasize the cost savings
that come from fast, trouble-free
production. The resistance of
TEFLON (TFE) to solder-iron heat
speeds production, reduces re-
jects and minimizes rework.
ASK AN ACCOUNTANT...He'll
give you an estimate of the cost of
an insulation failure—a cost you

) r may avoid by using TEFLON.
mobils radios are smaller becauss  ASK YOUR SUPPLIER about the
B e aperiss  Many wire and cable constructions
permit thinner insulation. Tnis is  insulated with TEFLON...includ-
“value-in-use™. ing composite constructions...that
offer extra value-in-use for your
most exacting applications. For
further information, write Du Pont
Company, Room 6667-C, Wilmington,
Delaware 19898.

®Reg. U.S. Pat. Off for Du Pont flucrocarbon resins and film

TEFLON...the sure one

REG U s PaYOF"

Better things for better living

...through chemistry
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Philbrick/Nexus DC log amplifier-
a slip stick in 2.65 cubic inches

Quicker than you can operate your favorite slide rule,

Model 4350 Log Amplifier will calculate the logarithm of a

positive voltage or current, or solve the positive antilog of an

input voltage. Model 4351 performs the same functions on negative
voltage or current.

The combination of two Philbrick/Nexus log amplifiers

multiplies and divides. Add scaling resistors and you can compute
arbitrarily selected powers and roots. Units are fully temperature
compensated for use over wide temperature ranges.

Units are fully encapsulated and measure 1.4” x 2.7” x .7”

They feature fast response and a wide 6-decade dynamic range.
Priced well below competition at only $95. Contact your
Philbrick/Nexus sales representative for complete details

and specifications. Or write, Philbrick/Nexus Research,

22 Allied Drive at Route 128, Dedham, Mass.

Visit us at the ISA Show in Booth 2112.

AV . PHILBRICK/NEXUS RESEARCH
A TELEDYNE COMPANY
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90-second look at IEE’s
wonderful world of readouts

Readouts are our special craft. Using any characters you want. Any up to 3%”. Many configurations, options and accessories. Long
colors or color combinations. Any input, BCD or decimal. Any lamp life (to 100,000 hours; up to 175,000 hours at reduced volt-
input signal level. Any mounting, vertical or horizontal. Five sizes, age). If it doesn't exist and you need it, we'll build it.

10H— World's most popular readout. And we’'ve im- 160H—Exceptionally large viewing 80— Large screen unit suited for an-
proved it. Double condensing lens provides exceptional area (1.56"H x 1.12"W) for overall nunciator applications such as factory
character brightness. Greater clarity at wider angles size. 45 FL character brightness with call systems and production control.
and longer distances, even under high ambient light. a 6.3V $.20 lamp. Displays messages 334" character height can easily be read
937" sq. viewing area. Mil-spec version available. simultaneously with symbols. at 100". 160° viewing angle.

Iv' ‘§ .
120H — Miniature rear-projection nNiMo ™“-First 10-gun CRT single-plane display. 875 —Miniature 24-position readout assem-
readout (.62” sq. screen) easilv Projects numbers, letters and words onto a fluorescent bly with a cost per display of only $1.45 each.
read from 30’ under high ambient screen. No image ambiguity. No external focusing re- .620 sq. in. viewing area with overall case
light. Quick-disconnect lamp as- quired. No ambient light worries. Exceptionally wide size of 1.39”H x.90”W x 3.095”D. Exceptional
sembly speeds lamp replacement. viewing angle. Ideal for instrument application. brightness, clarity. Front panel access.

IC Driver/ Decoders —Small, reliable units for driving IEE readout incandescent 345 —IEE’s smallest rear-projection readout. View-
lamps ranging from 250 ma @ 6V to 40 ma @ 28V. Fully compatible with modern ing area .38”H x .34”W. Based lamps. Low cost.
IC’s. Accept a variety of binary codes for decimal conversion. Require normal Individual readouts plug into perm. wired housing
signal V., draw less than 2 ma per data input. Internal data storage for pulsed oper. for quick message change. Easy front panel access.

Industrial Electronic Engineers, Inc. 7720 Lemona Ave., Van Nuys, California
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Burndy Vinylug:

The little cost saver.

The way it performs you'd never
guess the price. This newly de-
signed terminal puts a permanent
crimp in your wire. And in your
cost.

Engineered with all of Burndy's
know-how, Vinylug delivers Burndy
dependability in full measure. Ten-
sile strength exceeds UL require-
ments and temperature rise is far
below U L limits.

L

l
. |

The vinyl insulation is color-
coded for quick size identification,
and the shroud is designed to pro-
vide a firm support for a wide range
of cable diameters.

Vinylug one-piece body is con-
structed of high-conductivity cop-
per, tin plated for lasting corrosion
resistance. Chamfered edge per-
mits easy entrance of stranded and
solid wire into crimp area.

Four tongue styles: ring, fork,
flanged fork and square are avail-
able in loose piece and continuous
strip. Splices, too. Stud size:1-3.

Burndy tooling is recommended
as the quickest and easiest way to
install Vinylug. Our plier and rachet
hand tools let you install all sizes
and types without changing dies.

HYTOOL® YIOME-4 Plier type
tool featuring wire cutter, stripper,
insulated and uninsulated crimp
grooves to install terminals and
splices. Excellent for hard to reach
jobs.

HYTOOL MR8-89-1 Rachet con-
trol production type hand tool of
lightweight aluminum construc-
tion, featuring slide action locator,
designed to install full range of ter-
minals and splices, wire range:
22-10. Crimp grooves designed to

Y1OME-4

Y-MRE

close insulation support at the
same time it crimps.
Circle 141 on reader service card

HYTOOL Y-MRE Rachet control
type hand tool which installs termi-
nals and splices covering a specific
wire range. Designed for working
in confined areas.

AVM2-1 for volume production,
our Automatic Vinylug Machine in-
stalls up to 2,000 per hour.

BURNDY

AVML]

6,‘

We proudly offer to send you
free samples of our new Vinylug.
We're sure you'li like the finished
look it adds to your product. We
know you'll tike the price.

II_FREE SAMPLE
BURNDY/Norwalk, Connecticut

i am curious about the little
I cost saver. Please send me
|2 free Vinylug Sample
| Pack and the new

Burndy Vinylug/Vinylink™
| catalog.

| Name & Title
_| Company

Norwalk, Connecticut
INTERNATIONAL SALES HEADQUARTERS AND
MANUFACTURING FACILITIES:. CANADA: Scarboro, Ontario
ENGLAND: St. Helens, Lancs. / MEXICO: Naucalpan de Jaurez
l BELGIUM: Mechelen / BRAZIL: Sao Paulo
JAPAN: Tokyo / Sales Offices in Other Major Cities

|
i 2 BURNDY
|



CEC digital
recording heads
dont exactly

ive up to therr
guarantee.

It's a matter of recorded history that they

live far beyond it. Case on record: the first
magnetic tape head replaced in a certain military
data-processing installation in Germany logged
more than 10,000 hours—or five times the
guaranteed life.

An atypical performance perhaps? Yes. It was
subpar. Unit records show an average utilization
in excess of 12,000 tape passing hours. And a
peak head life of 16,000 hours. The system
operates around the clock at 120 ips.

CEC has conquered the tape head
aging process through use of
advanced materials developed by
Bell & Howell's Research Center.
The upshot has been outstanding
magnetic properties, an extremely
low wear rate...and Methuselahian life-span.

You're assured that, whatever make or model

recorder you're using, we've got the head for it.

Regardless of interface parameters. And, although

we're alone in guaranteeing our heads for

2000 hours, you're assured we try never to

RIS, It CEC/DATA INSTRUMENTS DIVISION
That's why we're known as the old heads in the

business. For all the facts on the complete line,
call your nearest CEC Field Office. Or write

Consolidated Electrodynamics, Pasadena,
California 91109. A subsidiary of Bell & Howell. BEI_L El HD'-'-'EI-I.
Bulletin Kit 1711-X3.
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Data recorded on Z-fold paper by the Hewlett-
Packard 7800 Series Rectilinear Recorder is
instantly retrievable. Each page is numbered to
simplify reference to recorded data. Z-fold chart
packs store easily in their original cartons.

Contactless pen tip sensing and a modulated
pressure ink system produce traces of equal
density from all signals and throughout the
recorder’s variable speed ranges of .025 to 200
mm. per second. You get blue ink reproducibil-
ity compatible to diazo or any similar process.

Designed with modular, solid-state electronics,
the 7800 Systems provide high-resolution, per-
manent, rectilinear recording of up to eight vari-
ables from dc to 150 Hz.

Eight 8800 Series Preamplifiers provide signal
conditioning to the driver-amplifiers which drive
the recording pens. The recording system is
available with eight different or eight identical
preamplifiers of your choice. Frequency

17802A

Z-fold paper
Zip codes data
for quick retrieval

response of the recorder is 150 Hz for 10 div p-p
deflection and 58 Hertz maximum for full scale
deflection. Maximum ac or dc non-linearity is
0.5% full scale. Additional features include:
choice of chart paper in Z-fold packs or rolls;
14 electrically-controlled chart speeds; built-in
paper take-up; ink supply warning light; dispos-
able plug-in ink supply cartridge that may be
replaced while the recorder is in operation and
modular construction for easy maintenance.

For complete information on the 7800 Series,
optional and related equipment, contact your
local HP Field Office or write Hewlett-Packard,
Waltham Div., 175 Wyman St., Waltham, Mass.
02154. In Europe: 54 Route des Acacias, Geneva.

HEWLETT W PACKARD

RECORDING SYSTEMS
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Breakthrough in watts per pound.

New High Power Lightweight TWT
Offers Duty Factor up to 4% at S-Band.

Litton’s new L-5135 TWT is designed for critical applica-
tions such as intermediate or final amplifiers in ECM systems,
drivers for crossed field amplifiers or other
higher power amplifier applications. It
features high duty factor, long pulse
capability, low cost alnico PPM
magnetsand high Mu grid for
fast rise time/low voltage
pulsing.

Weighing
only7 Ibs,the
L-5135achieves
up to 4% duty at

1.0 kilowatt minimum
power output over the full
2.0 to 4.0 GHz frequency
range. Performs reliably under
the environmental extremes of
MIL-E-5400, Class 2, and is ideal for
airborne and other similarly demanding
applications. For additional information on

the new L-5135 and other Litton TWT’s, write
Electron Tube Division, 960 Industrial Road, San
Carlos, California 94070 or call (415) 591-8411.

Shown
approximately
one-half
actual

size.
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LITTON INDUSTRIES
ELECTRON TUBE DIVISION
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Two for the Price of One . . . New Duaj Op Amp f --

COMPARISON GUIDE
THE AMELCO 810Cy

: voltage and short circuit"
single monolithic chip i in-li
he dual 709, Typica

are
Gain: 40,000 CMR: +13 v ‘
Offset: 1 mv CMRR: 90 dp &
100 nA Input Current: 500 ng
Tracking: 10uV/°C Input Impedance: 20
1nA/°C

Brand F (A709C) 2 5.95
Brand N (LM201)
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All 13 Series 54L/74L circuits fea-
ture power requirements less than
one-tenth that of comparable stan-
dard ICs. For example, power dis-
sipation is typically 1 mW per gate
and 3.8 mW per flip-flop. Further-
more, with 54L/74L circuits low
power does not mean low speed.
These circuits are about twice as
fast as other ICs with similar pow-
er dissipation.

Because of their low power re-
quirements, Series 54L/74L cir-
cuits make it possible to significant-
ly shrink size of power supplies
and energy sources such as bat-
teries or solar cells. Also, require-
ments for heat sinks and other
heat-dissipation provisions are re-
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Data processing

Third-generation small computer
to make its debut in December

Designers adopt architectural approach, proven in large machines;
modules of read-only memory are interchangeable with those of main storage

By Wallace B. Riley

Computers editor

One new idea, plus two old ones
that have been used only on large-
scale computers, add up to one of
the most exciting new designs in
several years: the first small com-
puter that can truly be described
as third-generation.

The first old idea is the archi-
tectural approach: deciding how
the functions are to be performed
before thinking about hardware.
And the second is multiple accumu-
lators, now used in a small com-
puter for the first time.

The new idea is a read-only
memory whose modules can replace
any of those in the main memory
without affecting the computer’s
operation.

Called the Nova, the new com-
puter is built by the Data General
Corp., Hudson, Mass. The first pro-
duction model will be shown at
the Fall Joint Computer Conference
in San Francisco Dec. 9-11. Deliv-
eries are scheduled to start by the
end of January. The company
hasn’t yet set a price, but it’s ex-
pected to be about $8,000 for the

basic machine plus teleprinter.

How it began. It was the design
of the IBM System 360 that gave
birth to the architectural approach,
which is fundamentally a computer
discipline independent of hardware
work. The 360, introduced in 1964,
had been designed years earlier
without reference to the hardware
that would be used to build it.

All of the 20-plus models of the
360 have followed the same archi-
tectural scheme, even though there
have been a few significant changes
in the hardware. Several other man-
ufacturers have adopted the archi-
tectural approach, but only for
large-scale machines. The advan-
tages, it’s been said, don’t apply to
small computers. But the designers
of Nova disagreed.

One of the significant contribu-
tions of the architectural approach
in design philosophy is the notion
that machine performance can be
improved by making several regis-
ters available to the programer.
These registers serve the same pur-
pose as the accumulator that was

a prominent feature of many first-
and second-generation computers;
they store intermediate results for
quick and easy access without re-
turning to the main memory—a step
that can take as much as four or
five machine cycles.

These registers, called multiple
accumulators, scratchpad memo-
ries, or local storage units, now
appear in a wide variety of medium-
to large-scale machines from many
manufacturers. But up until now,
it was thought that they wouldn’t
add enough capability to small
computers to justify their cost.

MSI is key

Data General’s design depends
on the availability of medium-scale
integrated circuits in production
quantities. The architecture was de-
signed with this in mind; the key
idea was regularity of design. Ac-
cumulators, for example, are regu-
lar; random control logic is irregu-
lar. Every instruction tells the ma-
chine to do something different, so
that the number of instructions is
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SENSE WINDINGS

Winding pathways of memory. Using a variation on a theme—the braid memory—the read-only storage section in Nova
adopts a design in which signals moving along wires from front to back of the U-shaped (and capped) cores represent
1's, and those from back to front of the core transmit O's.
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. . . read-only memory can be thoroughly debugged
in main storage before being wired . . .

related to the amount of random
control logic.

By adding accumulators to the
design, Data General was able to
reduce the number of instructions,
thus increasing regularity. This, in
turn, permitted maximum use of
MSI, reducing the cost and size of
the machine but not its capability.
More than half of the machine’s
circuits are MSI devices.

Edson D. deCastro, a founder of
the company and one of the princi-
pal designers of the machine, de-
fines MSI as “‘the greatest complex-
ity commercially available without
custom design.”” All of the MSI cir-
cuits in the Nova are transistor-
transistor-logic devices. They in-
clude, for example, accumulator
registers, which have 16 flip-flops
in a package. Among suppliers of
these units is Fairchild, which
makes the 5330. TTL circuitry also
includes 4-bit adders like the Texas
Instruments 7483, and shift regis-
ters like the Fairchild 9300.

Like and unlike. The new kind of
read-only memory is related to mar-
keting plans. Data General expects
most of its machines to be sold to
manufacturers of systems in which
the computer is a subassembly. In
these systems, the program, once
loaded into the memory, is likely to
stay there indefinitely.

This is in contrast to computer
installations where different pro-
grams are loaded, executed, and
dumped, often once every few min-
utes. Where only one program is
used over and over, any slight de-
fect that develops in some com-
ponent of the system, a transient in
the primary power line or some
other small difficulty, can create a
bug in the program that can lead to
large and difficult problems.

The little guidance computer in
one of the Gemini spacecraft en-
countered such a problem in one of
its flights, which had to be termi-
nated manually as a result. Placing
a program in a read-only memory
protects it from everything except
the memory’s physical destruction,
and this safeguard is used in the
Apollo guidance computer. Al-
though the Nova isn’t designed for
space work, its program could be
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similarly disturbed.

A program in a read-only memory
has to be completely debugged be-
fore it’s committed to hard wiring.

Data General has neatly com-
bined the advantages of indestruc-
tible read-only program storage
with an easily-debugged main
memory by making the two with in-
terchangeable modules. Using this
feature, the customer can write a
program, load it into the main
memory, and test it, doing as much
debugging as is necessary, until it
runs to his satisfaction. Then he
orders a new memory module con-
taining a read-only memory wired
to his specifications; this module
plugs into the Nova in place of one
of the main memory modules.

Juggling act. The read-only mem-
ory comes in 1024-word incre-
ments; the main memory comes in
modules of 4,096 words, up to a
maximum of 32,768, but a single
module can be wired to hold 1,024
or 2,048 words of alterable memory.
Thus a program that requires no
more than 2,048 words can be
wired into two read-only modules;
these, mounted on a single printed-
circuit board, together with another
board with 2,048 words of alter-
able memory, would replace one
original 4,096-word module.

The machine has room for up to

five modules, each containing either
4,096 words of memory or one in-
put-output interface unit; these can
be plugged in any order into any
of the five connectors in the ma-
chine reserved for them. The five
connectors are all wired identically
in parallel, so that any module fits
in any connector.

New pathways

Physically, the read-only memory
is a variation on the old braid-
memory idea [Electronics, May 1,
1967, p. 88]. A braid memory con-
sists of a bundle of wires threaded
through and around a series of
cores of linear ferrite material. Each
wire corresponds to a single stored
word; it passes through cores cor-
responding to binary 1’s and
around cores corresponding to 0’s.
A current pulse in a wire generates
pulses by transformer action in
sense windings on cores through
which that wire passes; these
pulses are amplified and trans-
mitted to the computer.

Data General’s variation passes
the wires from front to back
through cores corresponding to 1’s,
and from back to front through
cores corresponding to 0’s. Thus, in-
stead of a pulse or no pulse on a
given sense winding, there is a pos-
itive or negative pulse. These pulses
are much easier to discriminate and
are less sensitive to noise.

Data General Corp., 275 Cox St., Hud-
son, Mass. 01749 [338]

It's not a desk calculator. The Nova, a compact but fully-fledged computer,
consists of a teleprinter in addition to the machine shown above.

Circle 149 on reader service card—>
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Clairex Photomods® permit contactless switching. No moving contacts
mean no electrical noise! |

Clairex Photomods combine hermetically sealed photocells with a
high-quality, long-life lamp in a single, sturdy, light-tight encapsulated
package.

The higher the voltage or current applied to the lamp, the brighter
the lamp. The brighter the lamp, the lower the resistance of the cell. Thus,
resistance of the cell is varied without physical contact, and no noise is
generated in the signal circuit.

Let us show you how the “light touch in automation and control”
can provide you with noiseless switching and control. Call (212) 684-5512
or write Clairex, 1239 Broadway, New York, N. Y. 10001.
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