Electronics

More on fast Fourier: page 92 June 24, 1968
$1.00

Solid state sweep circuit: page 104 AV
b - ) cGraw-Hill Publication
Specifying power-line filters: page 112 Selow: Liquid crystal

map electric fields, page 118

YN 3N¥7 S3S0N
966 X108

3373 WK0) JISVE
§315SI% ¥

ogyhh 966554 20!




NEW “MS” LINE OF
TOROIDAL INDUCTORS

ACTUAL SIZE

L MS -0
uusﬁﬂul,:

e ULTRAMINIATURE
(Less than 1/4" high)

* HIGH Q
* PRECISION ADJUSTED WITH

EXCELLENT TEMPERATURE
CHARACTERISTICS

DESIGNED & SUCCESSFULLY TESTED TO COMPLETE MIL-T-27B ENVIRONMENTAL REQUIREMENTS

UTC MS UNITS [rypero. | 006, [macs | mar

50 MS-1 1 | 60 14
40 7 p. MS-5 5 | 28 7
Q 30 P S| |ms0 | 10 |20 |1
20 7 aNrAERERE
IO+ MS-50 | 50 9 75
OI 2 510 20 50 100 MS-100| 100 6 |[132

FREQUENCY KHZ

Write for brochure
for complete data

*The maDC shown is for approxi-

mately 5% drop in inductance.

The new “MS" toroidal high Q coils provide
unique packaging flexibility: only .23~ high x .35”
diameter (conforms to TO-5 base and terminal di-
mensions) with solderable and weldable leads which
make them ideal for hybrid Flat Pack and IC appli-
cations. These units have excellent Q in the 10 kHz
to 50 kHz range and are designed for usage from
1 kHz to 100 kHz (see curve).

They are precision adjusted = 2% at 0.1V RMS
at 1 kHz. Inductance variation is less than 2%
from —55° to +105° C. MIL type TF5RX20ZZ.

Stock items shown are available for immediate
delivery. Special values will be designed to your
requirements,

UNITED TRANSFORMER CO. TRw

DIVISION OF TRW INC. » 150 VARICK STREET, NEW YORK, N. Y. 10013

Circle 900 on reader service card



Im“egran%ad
cireuts

o’ [

e O
%%tzt ©C o
Anw r

remote

function programming

What more could you want in a Preset Controller/Counter?

One of four new Hewlett-Packard Pre-
set Controller/Counters is sure to
have what you need fer your control
or instrumentation system. In fact, if
you buy areally versatile counter now.
you won’t have to worry about counter
obsolescence even if you change your
setup later.

“A’” models have single limits; “B”
models have dual limits. The 5331
models will display and limit-detect
totalized input counts. The 5332 mod-
els, which have quariz crystal-con-
trolled time bases, will not only limit-
detect input counts,but will also meas-
ure and limit-detect ‘requency and
rate (to 2 MHz), frequercy ratio and
pulse duration. They make good digi-
tal delay generators, tco. Input im-
pedance is 1 M2/30 pF, and input
trigger is adjustable from 100 mV to
100V, 4 or — slope, ac or dc coupling.
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operating modes

A wide variety of optional features is
availablz to meet special require-
ments, including remote control of
limit settings, one more digit or one
less, and contact-closure control dut-
puts. All this in @ medium-priced, IC-
construction preset counter. Prices:
5331A, $850; 5331B, $950; 5332A,
$1000 and 53328, $1100.

Think about what it would cost you to
axpand the capabilities of a lowar-
oriced counter, or think about the
problem of complicating your meas-
urement cr controf system to makz up
for counter features you may need
later. Now you can see the value cf
the extra versatility built into thes=2
four mcdels.

Call your HP field engineer for more
details. Or write Hewlett-Packard,
Palo Alta, California 94304; Europe:
54 Route des Acacias, Geneve.

Wifh/wifhouT
+ime basé

HEWLETTZF PACKARD

ELECTRONIC
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Looking for an All-Around Voltmeter?

Hewlett-Packard gives you a broad
choice of multi-function meters that
do not have to be pampered. Choose
the versatility that fits your needs
for ac volts, dc volts, current and
resistance measurements. The ex-
clusive individually calibrated taut-
band meterusedinthese voltmeters
gives you reliability, repeatability
and high accuracy.

Make 909, of your day-to-day ac/
dc measurements with laboratory
precision using the hp model
410C Voltmeter. Measure dc from
15 mV to 1500 V full scale, current
from 1.5 pA full scale, resistances
from 10Q to 10 MQ, and ac volts to
700 MHz. The hp-developed photo-
conductor chopper amplifier gives
the 410C high sensitivity, low drift,
and low noise. Price of hp 410C is
$475. Vacuum tube version, hp
410B is $275.

2 Circle 2 on reader service card

Low cost fully-portable multi-
function meter—that's the all-solid-
state, battery-operated hp model
427A Voltmeter. It costs only $225.
Option 01 gives both battery and
line operation for an additional $25.
Measure dc voltages from 100 mV
to 1 kV full scale; ac voltages from
10 mV to 300 V full scale at fre-
quenciesto 1 MHz (to 500 MHz with
the 11096A High Frequency Probe,
price $45); resistance from 10 Q to
10 MQ. Ac and dc accuracy is =2%.
FET's in the input circuit give you
10 MQ input impedance—minimal
circuit loading.

Highly sensitivedcand resistance
measurements are made with hp
412A DC Vacuum Tube Voltmeter.
With its 1 mV full scale d¢ voltage
sensitivity and 1  midscale ohms
sensitivity, and its simplicity of

operation, the 412A is ideal for pro-
duction line testing. Measure dc
with 1% full scale accuracy. Price
of 412A is $450.

Extreme accuracy and hands-free
operation distinguish the “Touch
and Read'’ 414A DC Autovoltmeter.
Automatic ranging and polarity in-
dication occurs in less than 300 ms.
Measuring accuracy for dc voltage
is =(0.5% of reading +0.5%, of full
scale)—the best available in any
analog voitmeter. Resistance accu-
racy is =(1% of reading 4+0.5% of
full scale) on an easy-to-read linear
scale. Price is $690.

For full details on these and other
Hewlett-Packard Voltmeters, see
your hp catalog or contactyour near-
est hp field engineer. Or, write to
Hewlett-Packard, Palo Alto, Califor-
nia 94304. Europe: 54 Route des
Acacias, Geneva.

HEWLETT ﬁ PACKARD

ANALOG VOLTMETERS

098/15
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Readers Comment

Prime concern

To the Editor:

Concerning the article on indus-
trial control computers [May 27,
p. 129], one would suspect that the
people who build these machines
fail to realize that their equipment
may be used to control the manu-
facture of a part upon which their
very lives may depend.

The process-control computer
isn’t the only problem area. Other
mechanical and electronic equip-
ment reflects the same thoughtless-
ness and yields the same end re-
sult—failure in a critical application.
The manufactured product is no
better than the design from which
it was derived, and in most cases a
company that permits marginal de-
sign will not improve in the produc-
tion phase.

The wisest advice for the engi-
neer, then, is to make the end usage
his primary concern.

Bernard J. Barr
Hallicrafters Co.
Rolling Meadows, III.

More on mobile f-m

To the Editor:

The letter from Kerim Onder
[April 29, p. 4] regarding the mo-
bile f-m receiver design on which
he holds a patent aroused my in-
terest, but for reasons different
from the subject of his letter.

My experience over the past 10
vears has been that two problems
continue to hurt mobile f-m recep-
tion and thus the market for re-
ceivers. The first is multipath dis-
tortion from hills, tall buildings,
and vehicles. The second, recog-
nized but little publicized, is the
cross-polarization problem with the
commonly used vertical whip.

One solution to the latter is the
use of circular or multiple (horizon-
tal and vertical) polarization by
commercial f-m transmitters. This
practice is not vet widespread. A
second solution is the design of a
horizontally polarized antenna hav-
ing the esthetic and economic ad-
vantages of the popular vertical
whip antenna.

Still experimental but promising
is the use of a simpler form of space

Electronics | June 24, 1968



Stability, Reliability
Under Adverse Conditions
Achieved with Acrasil®
Silicone-Encapsulated
Precision /Power Resistors

Excellent stability and reliability

under extended load life and other
adverse operating conditions are the
outstanding design features of
Acrasil precision/powered wire-
wound resistors.

Developed by the Sprague Electric
Company, these miniature silicone-
coated resistors fit neatly in high
density circuitry, which demands far
greater stability than that offered by
composition and film resistors. The
small size of Acrasils makes them
ideal for printed circuit and point-
to-point wiring applications.

The 1-watt Type 219E Acrasil Re-
sistor is extremely small, therefore
it is of particular interest to de-
signers of military and industrial
digital equipment where cordwood
packaging is a factor. Only .098"
D. x .250” L., it is compatible with
other “cordwood” components.

The expansion coefficient of the
silicone coating is closely matched
to that of the ceramic base in order
to insure positive protection of the
resistance winding. This silicone
coating seals the wire and provides
exceptional protection against the
effects of moisture, shock, vibration,
fungus, and salt sprays.

Acrasil Resistors fully meet electri-
cal performance requirements of
MIL-R-26, as well as individual cus-
tomer high reliability specifications.

These miniature resistors, manu-
factured with both standard solen-
oid-type windings and non-inductive
windings, are available in close re-
sistance tolerances to +0.05% and
in a wide range of ratings from
to 10 watts in resistance values
from .05Q to 250K().

For complete technical data, write

Your cusfom
pulse transtformer
is a standard
DST transformer

Some of the case styles in which Sprague DST Pulse Transformers are available. Note the in-line leads.

You can select the transformer design you need from the new
Sprague DST Family, a fully-characterized series of Designer Speci-
fied Transformers which Sprague Electric has pioneered. It's easy.
Start with the two basic parameters dictated by your circuit re-
quirements: primary (magnetizing) inductance and volt-second
capacity.

New Sprague engineering data gives basic information from which
all nominal sine wave parameters are derived. This data allows you
to specify the one transformer from thousands of possibilities which
will optimize performance in your application.

Design Style A minimizes magnetizing inductance change as a
function of temperature. Typically it's < * 10% change from 0 to
60 C; < =+ 30% from —55 to 4-85 C.

Design Style B and C give you broad bandpass characteristics, and
still keep magnetizing inductance change < =+ 15% from 0 to 60 C.

Design Style D is fast. Associated leakage inductance and coupling
capacitance are kept at a minimum. This style is just what you need
for interstage and coupling devices in computer drive circuits.

The Sprague DST Series packs a lot of transformer into minimum
volume packages — epoxy dipped for minimum cost, or pre-molded.
The 100 mil in-line lead spacing is compatible with integrated circuit
mounting dimensions on printed wiring boards.

To solve your pulse transformer design, start now. Write for Engi-
neering Bulletin 40,350 to the Technical Literature Service, Sprague
Electric Company, 35 Marshall St.,, North Adams, Mass. 01247,

*Trademark

SPRAGUE COMPONENTS

INTERFERENCE FILTERS

for Enginecring Bulletin 7450A to
Technical Literature Service,
Sprague Electric Co., 35 Marshall
St., North Adams, Mass. 01247.

PULSE TRANSFORMERS
CAPACITORS
TRANSISTORS

RESISTORS

THIN-FILM MICROCIRCUITS
INTEGRATEO CIRCUITS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

Spragus’ snd *(2)" ere ragistered :redemaerks of the Spragus Electric Co.

43R-6113R1 453C-0122
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First counters
to operate

automatically across
the VHF gap.

Until now you couldn’'t make simple, automatic frequency measurements from
100 to 300 MHz without a special VHF plug-in. The extra plug-in was clumsy
in the lab. And when switching plug-ins was impossible—as in automatic
console systems—the VHF gap was unavoidable. Now two self-contained
Systron-Donner counters span the VHF gap,

operating automatically from DC
to the microwave region.

Non-stop DC to 12.4 GHz. The VHF

gap is filled by a built-in prescaler in this new Thin
Line counter. The instrument operates just like a
simple frequency counter across the board from
DC to 124 GHz.You merely connect the signal and
read the final answer on the display. Built with
IC’s to take only 1-3/4"of rack space and operable
by remote control, it is the ideal instrument for
automatic systems.

..t WO more reasons
to check with
Systron-Donner
before you buy.

Non-stop DC to 3 GHZ.New ACTO?®
plug-in with built-in prescaler carries this counter
across theVHF gap to 5 GHz with fully-automatic
operation. The new broadband plug-in can be re-
placed by others to raise the frequency range to 40
GHz, to measure very noisy signals, to measure
FM and pulsed RF, to read time interval, etc. This
is the best available wide-range laboratory counter
—the root of a system that can accomplish nearly
everything possibie with counter instrumentation.

. Send for Catalog.

SYSTRON @ DONNER

888 Galindo Street, Concord, California 94520.
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diversity, with a vertical whip on
cither side of the vehicle and the
coax feeds paralleled at the receiver
input. This arrangement signifi-
cantly reduces the depth of fading
encountered when probing the hor-
izontal ficld with a vertical whip.
The output is the vector sum of the
radio-frequency voltages from the
two whips.

Note that to get a null, the two
signals would have to be equal in
magnitude and out of phase, some-
thing that seldom happens. Of
course, this method introduces some
dircctivity into the antenna, but my
experience is that any slight unde-
sired effects of directivity are more
than offset by the improvement in
reception.

James R. Kaness
Pacific Missile Range
Point Mugu, Calif.

Rebutting a rumor

To the Editor:

The May 27 issue of Electronics
[p. 26] reported a rumor about the
IBM 1800 data acquisition and con-
trol system that is misleading. The
facts are:

There is no plan to discontinue
the 1BM 1800,

IBAM 1800 production and product
engineering is not being transferred
to Boca Raton, Fla. These activities
remain at IBM's San Jose, Calif,,
facilities.

The Boca Raton laboratory will
be responsible for development of
small scientific systems and new
process-control systems, as covered
in IBM’s press release announcing
the establishment of the laboratory
on March 18.

A time-shared operating system

for the 1800 called the multipro-
graming executive will be delivered
this summer.

Robert F. Sposito
International  Business Machines

Corp.
White Plains, N.Y.

Solid state standards

To the Editor:

Many new solid state devices
have been announced as break-
throughs in recent times, but local
officials around the country have
indicated that they will not permit
the use of these devices in public
places unless they’re listed by Un-
derwriters Labs or some other or-
ganization of equal stature.

At the present time, UL doesn’t
have standards for solid state com-
ponents. Further, it is likely that
the old, old standards for indus-
trial controls will be applied. If
this happens, few of the present
devices will have the required lead
spacing to pass a UL test, and
present methods of heat-sinking
won't provide the required insula-
tion between “live” and “dead”
parts.

I suggest that the major sup-
pliers of solid state components
begin - working  with UL im-
mediately to resolve some of these
problems. If UL is not able to re-
spond to the rapid growth ex-
pected in solid state home and in-
dustry controls, I suggest that a
nonprofit, industrywide testing
laboratory be set up to pass on
solid state components and assem-
blies.

William Brooks
Brooks Optronics
Santa Clara, Calif.
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PROBLEM Find integrated circuit to'
drive two lamps...must be dual.

|
i
|
'E
{
|

REQUIRED: Drivers must be con-
trolled by 5 volt logic...
latch.

and must

GIVEN:
Input swing ...
Logic0...+05V
Logicl... +4V
Lamp rating . .. 40 V; 200 mA
Available power supplies ... +5;
+40V
Both lamps are never ON at same
time (exclusive OR)

+40v

X

if
i—

SOLUTION: si4002... Integrated dual
lamp driver with 3 logic inputs...and

NN SUAE A LR SPEEy GOt WA WITH GNUN U AR GNDaE GO RN AT swans
+
=

MR MED IEEN BPU 'GME TEAE NMEs EEES IS Sne RSN UEAE SUDUS NUUEE s

latching capability (one of a series of
3 drivers). l
I Max output current...250 mA I
(can withstand surges up to 1 amp)
| Max output voltage ... 42V I
Power Dissipation ... 600 mW

! Lamp drivers keeping you in the dark? '
Contact us for applications help and I

data sheets.

lSllucomx incorporated |

1140 W Evelyn Ave ® Sunnyvale, CA 94086
Phone (408) 245 1000 ® TWX. 910-339-9216
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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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People

The Columbia Broadcasting Sys-
tem is now poised to put its much-
heralded Electronic Video Record-
ing equipment
on the market,
And the man
who'll lead the
drive is Robert
E. Brockway.

CBS brass is so
optimistic about
the recorder’s
money - mak-
ing possibilities that Brockway has
been tapped to head a separate di-
vision. Called, aptly enough, CBS-
EVR, the new division ranks with
CBS Laboratories and CBS Services
on the organization chart of its
parent, CBS/Comtec Group. Brock-
way thus becomes a peer of Peter
C. Goldmark, CBS Labs’ president
and chief developer of the EVR.
Both have as their immediate boss
Felix A. Kalinski, president of CBS/
Comtec.

Head start. Mid-June found
Brockway in Europe, witnessing the
realization of Goldmark’s predic-
tion last fall that the British and
Swiss partners in the development
of the recorder would get on the
market before CBS. The two, Ciba
in Switzerland and Imperical Chem-
ical Industries in Britain, initially
plan to push the educational side
of the recording technique rather
than its entertainment side. In EVR,
television signals stored on a spe-
cial film are played back through
an ordinary tv receiver.

Brockway, too, sees educational
tv as the initial mainstay for CBS’
marketing effort in the U.S. Along
with the EVR system itself—and the
production of educational and en-
tertainment films—he’ll have an im-
pressive item of studio equipment
to sell, a tv camera called broad-
cast EVR. With the camera, color-
tv programs can be recorded on
black-and-white EVR film. And
CBS-EVR will get a stem-to-stern
coverage of the market by setting
up EVR-film processing centers.

Brockway comes to CBS from the
Manhattan Cable Television divi-
sion of Sterling Information Serv-
ices, a major producer of business
movies. Brockway was vice pres-

Brockway
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The New Family of Synthesizers with
the High Figure of Merit.

Up above, you see just one member of Fluke’s exciting new Brief Specifications
family of frequency synthesizers. the Model 644 which Model 622 633 643
covers the DC toc 40 MHz range. Model 633 covers the DC Frequenty  ye o 1.1 MH e
to 11 MHz range. Model 622 covers DC to 1.1 MHz range. _Range ol z ° z o z
L . . Frequency

All three units fcature exceptionally low spurious content. Stability and 1 pt in 10"/day Same Same
low signal to phasc noisc ratio, modern packaging in mini- Accuracy

. SET . I . Spurious At least 90 db Minus 90 db At least 90 db
mum panel height. in-line, in-plane digital presentation and Content below t0 6 MHz below

remote programming to give you synthesizers with the fundamental Minus 60 db  fundamental

right figure of merit. - = LN
) ] . ] e At least 30 db S SATE
Want a demonstration. Your full service Fluke sales engi- . below fundamental
neer will be glad to arrange a demonstration of any or all of p |+'1509f 253(?4\(’)3C o Same except
. . . ower e o, - dame
these high performance new synthesizers. Or write or call y Hz. S0 watts 75 watts
us here at the factory for more information. 7'Hx 17°W i Two chassis.

Size Py Same 102"Hx 17"W
x22°D x22”D Total
! Mounting ears fit standard 19” rack.
Price $5.500 $7.100 $10.500

2 izer.
Model 622 Synthesizer . ! q A

Model 633 similar with .
one more decade - FI l l K E
Fluke. Box 7428. Seattle. Washington 98133, Phone: (206) 774-2211, TWX: (910) 449-2850.

11 Europe. address Fluke International Corporation, P. O. Box 5053. Ledeboerstraat 27
ilburg, Holland. Telex: 844-50237. In U. K.. address Fluke International Corporation.
P. O. Box 102, Watford Herts. England.




Add Sprague Series 7400A
to your prints for

Series 74N TTL circuits.

They're pin-for-pin identical.

SERIES 74N FUNCTION SPRAGUE PART NO.
SN7 400N Quad 2-Input NAND USN-7400A
SN740IN | 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
SN7 450N 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:
SN7473N Single chip, pin 11 GND USN-7473A
—_ Single chip, pin 7 GND USN-74107 A
SN747 AN Dual D-Type Edge-Triggered Flip Flop USN-7474A
—_ Dual AC Clocked J-K Flip Flop USN-7479A

Series 5400, full-temperature-range equivalents in 14 pin flat-packs,
are also available for rapid delivery from Sprague.

Don’t spend another week

without calling Sprague.

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 COMPONENTS

INTEGRATED CIRCUITS
CAPACITORS
TRANSISTORS
RESISTORS

THIN-FILM MICROCIRCUITS

PULSE TRANSFORMERS

4ss.7140my

INTERFERENCE FILTERS

PACKAGED COMPONENT ASSEMBLIES
FUNCTIONAL DIGITAL CIRCUITS
MAGNETIC COMPONENTS
CERAMIC-BASE PRINTED NETWORKS
PULSE-FORMING NETWORKS

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and * (D" are registered trademarks of the Sprague Electnic Co.
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People

ident and general manager of the
New York community antenna tv
outfit.

Instead of chasing after new busi-
ness at high speed, Litton Indus-
tries Inc.’s Data Systems division

is shifting gears.
As George Ro- i
mano puts it

: -’

the company is - y
putting greater - o

. =
emphasis on \j
“profitable cxe- 4 ‘
cution of work _M
now on the Romano

books.” The rea-

son: the Van Nuys, Calif., division
has the largest backlog of its his-
tory. And Romano, newly ap-
pointed director of advanced pro-
grams, had a great deal to do with
it. Before his promotion, he was
program dircctor for the Tactical
Firc Direction System (Tacfire) for
which Litton was seclected as the
Army’s prime contractor [Electron-
ics, March 4, p. 171].

Not that the division is giving
up its quest for new Dbusiness.
“What we arc doing,” says Ro-
mano, “is tailoring our new busi-
ness to our backlog.”

Timing. The big problem in seek-
ing new business, notes Romano,
is deciding when to get into a pro-
gram. “You always invest quitc a
bit of your own money, even on
supported studies. When you get
in too early, the concept is vague;
when you get in too late, you oper-
ate in a panic, and you spend
moncy  inefficiently.

The Air Force’s Airborne Warn-
ing and Control System (Awacs),
says Romano, is a good example
of a program for which Litton had
to decide whether to enter the con-
ceptual phase or wait until the con-
tract-definition phasc. The company
chose the former and won a study
contract for Awacs’ command and
control, and communications por-
tions. (The International Business
Machines Corp. won a sccond
study contract.) Romano believes
the award puts Litton in a strong
position for the crucial contract-
definition phase.

Circle 11 on reader service card—>



With Varian vacuum systems, Sctick is proc-
essing sup2rior Krcra-Chrome razor blades.
A sputiered thim film of chromium is deposited
o7 s:ainless steel lor ‘‘the ult mate in a

duras e edge.”

L ke Schic<, you can draw on Varian's tech-
nelogical leadership for a reliable vacuum
ccat rg system — one that will stanc the rigors
o* hich-volume production with low unit-cost.

Investigae our comp-ehensive
lin2 of deposition equip-
2 ment, e-Gunt™ evaporation
&’ sources, souttering
&4 modules, and vacuum
instrumentation. We'll
combine standard sub-
systems, design any
custom tooling required,
and sequLence opera-
tion to suit your work.
You'll get guaranteed

performance, a

quality automatic

vacuum system, -

skilled service back-up.

All of which is hard

to beat. Or equal.

Want to sharpen

your vacuum proc-

essing? Write for

our data. Varian

Vacuum Division,

Palo Alto, California;

Zug, Switzerland;

Georgetown, Ontario.

varian

vacuum division

edge on the
compedtition.







This is an ad for power-hungry engineers

Here's something that w Il whet your appetite for design innovations:
switch to Westinghouse Full Capacity Thyristors
that give ycu 147%more power for your dollar.

That's right. The extra
amps in these
Westinghouse
thyristors are on us.

You might just call it

a breakthrough. These
thyristors (Types 250
and 251) are rated at
80 and 40 amps AVE.
With them, you can
uprate existing SCR

circuits without raising

their cost.

And in new circuits,
they’ll help you even
maore, by allowing you
to achieve simpler,
lower-cost designs.

Our breakthrough was in tringing out tre
full inherent capacity of these thyristors.
New diffusion techniques ~e e used. And
critical thermal stresses w 2re eliminated
through our exclusive CBE const -uction.

Design Opportunities—Lonk a- this char-
acteristics comparison chart. Thzn grasp the
opportunities. For examp 2, fyau make a
1'%2 hp. motor control, you cculd uprate it to
2 hp. with a simple thyris-or swikct from

MAXIMUM ALLOWABLE HEAT SINK

IMILUAMCE, "0 /W

“Brand X'’ to Westinghouse.

Here's another cost-cutte - simplify

You can b= sure... ¥ its Westinghouse

COMPARATIVE F GURE-OF-MERIT CURVES
—THREE COMETITIVE THYRISTORS

AVERAG Z CURRE~", AMPERES

false triggering.

circuits by reducing
dv/dt protection
networks. Until now,
dv/dt on standard
thyristors has been
limited to 200 V/pu
sec, Westinghouse
offers a minimum
of 300 V/usec.
(typically 600V
/usec.) to full Veg
Maybe you're
working with a 55)
volt power supply.
Then here’s the first
positive control
thyristors that block
1800 volt transients,

1300 volts steady state.

Designing drive circuits? Qur
maximum lg- of 130 ma. is an optimim
fizure. Low enough to achieve low-cost
¢ rcuitry, high encugh to minimize

Ready to seize power?

Ne'll shoct you all the data you need.
Just call your locz! Westinghouse sales-
man, Or phcne us at (412) 925-7272.

Or write Westinghouse Semiconductor

Circle 13 on reader service caxrd
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Moving Coil Motors

M Electro-Craft offers a wide choice
of MOTOMATIC® MCM low inertia,
ultra high performance, dc servo
motors and compatible driving ampli-
fiers, available either as a complete
package or as separate modules.

i MOTOMATIC® MCM units are
ideally suited for direct drive applica-
tions in computer printers, card
readers, punch equipment, disc
memory, magnetic and paper tape
capstan drives, analog and digital
positioning, recorders and XY plotters,
machine tool positioning, film drives,
incremental motion velocity and phase
lock servos, and precision tensioning.

B MOTOMATIC® MCM, moving coil
motors feature; acceleration in ex-
cess of 10° rad/sec.?, time constant
of 2m-sec., high pulse torque, ex-
tremely low inductance, high effi-
ciency, long-life and integral feed-
back tach-generator.

For the best in direct drive servo
systems...write or call today.

ELECTRO-CRAFT
CORPORATION

1600 Second Street South
Hopkins, Minn. 55343
Tel. (612) 935-8226
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Meetings

Two approaches to airborne computer systems

For all the promise held out by the
introduction of large-scale integra-
tion into designs for airborne com-
puter systems, debate still rages
over how the equipment should be
arranged. This controversy—dis-
persed computers versus a central-
processor complex—will get a full
airing at the Guidance, Control,
and Flight Dynamics Conference
in Pasadena, Calif., Aug. 12-14.

The mceting, sponsored by the
American Institute of Aeronautics
and Astronautics, will feature an
“organized bull session” on the sub-
ject headed by Gordon Smith, an
Autonetics engineer. Smith says
the argument comes down basically
to a question of whether the ex-
pense of dispersing the computa-
tional functions is worth the gain
in reliability. “Certainly a single
arithmetic unit is less costly than
a number of units,” he says, “but
do you sacrifice reliability, speed,
or capability by taking this ap-
proach?”

Moot point. That question won’t
be answered at the meeting. Sev-
eral avionics systems with central
processors are under development,
but Smith notes that until dis-
persed computers are built into
a system, “It’s only speculation as
to how well they’d perform in com-
parison.”

One example of the central-proc-
essor approach is the F-111D inte-
grated avionics system (Mark 2)
now being developed. Design ob-
jectives and their implementation
in this computer complex, which
consists of two IBM 4-pi digital
processors and a Kearfott converter

being integrated into the system
by Autonetics, will be detailed in
a paper presented by D.H. Dag-
gett, a design specialist, and R.IV.
Lee, a group engineer, both from
General Dynamics’ systems tech-
nology department at Fort Worth,
Texas.

Forecast. The question will be
tackled from the aerospace angle
when S.R. Hurst, R.J. Shuck, and
J.S. Tanguy, engineers with Gen-
cral Electric’s Missile and Space
division, King of Prussia, Pa., re-
port on a study comparing the cen-
tral-computer and decentralized
approaches  for  interplanetary
spacecraft. Their results suggest
that separate-subsystem designs
will be used for the carly missions
of the 1970’s, but that the question
will be reopened for later flights.

On another topic, J.A. Hand, a
systems engincer working on the
Apollo project at MIT’s instru-
mentation laboratory, will describe
a computer-aided technique for au-
tomatically realigning an inertial
platform during long-term manned
space flights. The system is being
considered for an Apollo Applica-
tions Program experiment.

In a session on aircraft flight
control, V.R. Jackson and D.E.
Patch, systems engineers at GE’s
avionics control department, will
discuss the advantages of fly-by-
wire control for the Xv-4B vertical-
takeoff-and-landing craft, and will
propose that this method be used
in other applications in this area.

For more information write Al Kildow, meet-
ings department, AIAA, 1290 Avenue of the
Americas, New York, N.Y. 10019.

Calendar

Conference on Precision
Electromagnetic Measurements,
IEEE; National Bureau of Standards
Laboratories, Boulder, Colo.,

June 25-28,

Computer Conference, |EEE;
International Hotel, Los Angeles,
June 25-27.

Automatic Control Conference,
Instrument Society of America and

IEEE; University of Michigan, Ann
Arbor, June 26-28.

Management in the Fields of Aerospace
Meeting, American Institute of
Aeronautics and Astronautics;
Montreal, July 8-9.

Conference and Exhibit of the
Marine Technology Society; Sheraton
Park Hotel, Washington, July 8-10.

(Continued on p. 16)
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CONNECTOR
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designed, quite frankly,
to further the sales of Microdot connectors and
cables. Published entirely in the interest of profit.

a
coaxial
ster

u IN ONLY THREE PARTS

PART ! was biting off the cap of
_l a bottle of near beer when

the phone suddenly rang.
I pulled it from the wall.
Silence.
Later there was a knock on my
door. It was a messenger.
“Your phone’s dead.”
“It was self defense.”
“We thought so. Just checking.”
He handed me a telegram. I read it.
“THE STANDARD 50 OHM COAX CONNECTORS
ARE IN TROUBLE. STOP. THERE'S A RUMOR
THERE'S A NEW LIGHTWEIGHT IN TOWN THAT
MAY TURN INTO A HEAVYWEIGHT. STOP.IT'S

CALLED A 3-PIECE GOLDEN CRIMP*, IF ALL
WE HEAR IS TRUE, STOP, PLEASE.”

The messenger smiled. I gave him
a tip. “Stay oult of pool halls until
you're twenty-one."”

I took the stairs down and
climbed into my 5 litre Munch-
ausen.

Fortunately I knew where to go.
People have been telling me for a
long time.

I headed straight for a big brick
building in South Pasadena. It was
rumored that in the back they were
testing a black box. I worked my
way in. Disguising myself as a test
bench with a trenchcoat thrown
over it, I edged toward the device.
Suddenly, something pulled at me
from behind.

PART Extricating thebeltbuckle
2 from a lurking ventilator,

I clumped and banged
toward the device.
Electronics | June 24, 1968

Plugged in to the box was the most
compact 50 chm connector I'd ever
seen. The specs were on the floor.
[ picked them up and slipped
them on.

They were right. The MARC 131
was fantastic.

It weighs just 1.693 grams as

compared to slightly over two
grams for conventional 50 chmers.
respectable .163” off the length.
The new connector measures in at
hex. And all the units mate with
standard 10-32 50 ohm coax
I was getting ready to leave
and make my report, but sud-
PART Two guys came in.
I held my breath.
3 “Let’s put a MARC

131 together.”

Three. Complete.”

I was stunned. A contact assem-
housing. That was all. Other con-
ventional coaxes have sealing
Teflon dielectric insulators, jerk
rings and retaining rings to mess

Did I! Ever try to put a puzzle
together fast? Same size? Seven
which would be ecasier? Phenom-
enal! If those engineers could do
reduce assembly time by 20% or
more. A unit could be assembled
which meant...I calculated rap-
idly...but one of those guys broke

“About a thousand assemblies in
twenty-four hours.”

And it has shaved off a rather
.620” by .242” diameter by .250”
connectors.
denly, the door opened.
One of 'em spoke.
“There it is, babe. One. Two.
bly, an inner crimp sleeve and a
sleeves, two or three pieces of
with. Did I know what this meant?
parts, five parts or three parts,
it that fast, real people could
in less than one-and-a-half minutes
in on my thoughts. ..
I'd like to have those connectors,

Okay, you guys. Send
me your three puzzles.
Also send me all the
goods on that neat new
3-piece Golden Crimp.
50 ohm mates-with-all-
standard - 10 - 32 - types
connector. Understand
vou call it the MARC 131.

Name
Company
Title

idre
City

tered Trademark

*Goldrn Crimp Regi
State

of Microdot Inc,

MICRODOT INC.,, 220 "asadena Avenue, South Pasadena, California 91030

I thought.
“I'd like to have that durable an

assembler,” he said.
“Well, think it'll sell?”

“It can’t miss. Let's go. And, say,
make a note to get rid of that
crumby bench.”

They left. But I was stunned.
They were in production. Had it
licked. T was too late.

EPILOGUE

(dum da dum dum)

The MARC 131 3-piece Golden
Crimp 50 ohm connector is now
wanted nationwide. It is known it
is competitively priced with stand-
ard coaxial connectors.

These units are capable of
operating at 200°C, have contact
resistance of 4 milliohms max and
insulation resistance of 5K Meg-
ohms min.

The unit has been identified in
three plug-in types: jack, bulkhead
jack and bulkhead receptacle;
straight or right angle.

It is, engineering-wise, diaboli-
cal. In the past, 5 to 7 pieces have
been needed to put a coax con-
nector together before.

FEasy? Well, to illustrate our
point, we're offering a set of three
jim dandy puzzles. In three, five
and seven pieces. Send for 'em.

S s ()

MICRODOT INC.

Phone_

Zip
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METAL REMOVAL SOLID CARBIDE TOOLS e METAL REMOVAL SOLID CARBIDE TOOLS e METAL REMOVAL SOLID CARBIDE TOOLS e METAL REMOVAL SOLID CARBIDE TOOLS e

A ittle
goes a long
Way |

14" shank
solid carbide
circuit board

. ‘/ drills . . . series

260 and 265

Metal Removal solid carbide circuit board drills like
the above will drill tens-of-thousands of holes before
needing resharpening . . . have drilled up to 100,000
holes without change, depending upon materials and
machines. The reason Metal Removal series 260 and
265 %’ Shank Circuit Board Drills provide such out-
standing performance is that they’re specially de-
signed for the materials and machines used in circuit
board drilling . . . to give you maximum service,
production speed and lower production costs. Your
Metal Removal distributor provides vital sales and
engineering liaison . . . call him for complete infor-
mation or write for Catalog D67.

THE METAL REMOVAL COMPANY

1859 W. Columbia Avenue e Chicaéo illinois 60626
Plants located in CHICAGO / LOS AN ELES / SAN JUAN

MASTER TOOL AND WHEEL MAKERS FOR THE WORLD

END MILLS / DRILLS / REAMERS / BURS / SPECIAL TOOLING
’

METAL REMOVAL SOLID CARBIDE TOOLS e METAL REMOVAL SOLID CARBIDE

30194Y9 Q10S TVAOIWIY TY1IW © S$1001 JaIG¥YD QI10S TYAOWIY TYLIW © S100L 3194vD QI10S TVAOWIY TVLIN ¢ SI00L 30IG¥YI QI10S TYAONIY TVIIW © S10

16

Circle 16 on reader service card

Meetings

(Continued from p. 14)

Nuclear and Space Radiation Effects,
IEEE; Missoula, Mont., July 15-18.

Design Automation Workshop, IEEE;
Washington, July 15-18.

Reliability and Maintainability
Conference, American Institute of
Aeronautics and Astronautics; Jack Tar
Hotel, San Francisco, July 15-18.

International Federation for Medical and
Biological Engineering Conference,
IEEE; Palmer House, Chicago,

July 22-25,

Symposium on Electromagnetic Com-
patibility, IEEE; Benjamin Franklin
Hotel, Seattle, July 23-25.

Conference on Pattern Recognition,
Institute of Electrical Engineers,
National Physical Laboratory;
Teddington, Middlesex, England,
July 29-31.

Short Courses

Computer design and cybernetics,
Purdue University’s School of Electrical
Engineering, Lafayette, Ind., June
24-29; $150 fee.

Recent advances in reliability and
maintainability of computing systems,
Northwestern University’s Department
of Electrical Engineering, Evanston,
ill., July 8-19; $275 fee.

Integrated-circuit fundamentals,
Milwaukee School of Engineering,
Milwaukee, Aug. 5-9; $200 fee.

Call for papers

Reliability Physics Symposium, IEEE;
Washington, Dec. 2-4. Aug. 15 is dead-
line for submission of abstracts to
Seymour Schwartz, Code CQF, NASA/
Electronics Research Center, 575 Tech-
nology Square, Cambridge, Mass.

Winter Power Meeting, IEEE; Statler
Hilton Hotel, N.Y., N.Y., Jan. 26-31.
Authors should advise the Technical
Conference Services Office of |EEE
Headquarters without delay if they ex-
pect to submit a paper. Sept. 15 is
deadline for receipt of completed
papers.

Vibrations Conference, American Soci-
ety of Mechanical Engineers; Bellevue-
Stratford Hotel, Philadelphia, Pa.,
March 30-April 2, 1969. July 15 is dead-
line for submission of abstracts to Dr.
E.E. Ungar, Bolt, Beranek and Newman
Inc., 50 Moulton St., Cambridge, Mass.
02138.
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STANDARDS LABORATC

Lad

Why do so many
standards labs use this
capacitance bridge?

Electronics | June 24, 1968

Because it has:

¢ 6-figure resolution.

e 0.01% accuracy.

o 1073 pF-t0-1.11110uF range (to 11.1uF
with range-extension capacitor).

o D range of 0.000001 to 1.0 (at 1 kHz)
and a G range of 10720 to 1040.

e frequency range of 50 Hz to 10 kHz with
proper detector (useful with reduced
accuracy to 100 kHz).

o two- or three-terminal measurement
capability.

o easy-to-use, easy-to-read, lever-type
balance controls (automatically
positioned decimal point, tool).

« excellent internal standards and con-
nection for external standards.

The 1615 Capacitance Bridge is a
standards-lab's standard. It is THE
bridge for the precision measurement
of capacitance and loss, for dielectric
measurements, and for intercomparison

e e e

of capacitance standards differing by as
much as 1000:1. It is also used ex-
tensively in design and production
applications that require precision
measurements.

Price of the bridge alone is $1675*. With
an appropriate null detector and
oscillator, as shown above, the three
instruments form the 1620-A Capaci-
tance-Measuring Assembly ($2380%).

For complete information or a demon-
stration, call your nearest GR office or
write General Radio Company, W.
Concord, Massachusetts 01781, tele-
phone (617) 369-4400. In Europe:
Postfach 124, CH 8034 Zurich 34,
Switzerland.

*Prices apply only in USA.

GENERAL RADIO

Circle 17 on reader service card 17



Another new line of instruments

from Lambda..

The

high performance

LR Series Power Supplies

0-20, 0-40, 0-120, 0-250 VDC

Up to 1.8 amps

Regulation: 0.0005% plus 100 uv

Ripple: 35 uyV rms

AC Input: 105-132 VAC, 47-440 Hz
(Ratings based on 55-65 Hz)

With Remote Programing:
Accuracy—0.01%+1mV
Stability—0.001%-+100uV for

8 hours
Temp. Coeff.—0.001% plus
10uv/°C

Constant current/constant

voltage by automatic crossover

For rack or bench use

Guaranteed five years

Prices start at $285

18

Model Voltage MAX. AMPS AT AMBIENT OF !
Range 30°C 40°C 50°C 60°C | Price?

LR-612-FM 0-20 vDC 1.8A 1.6A 1.3A 1.1A $285

LR-613-FM 0-40 VDC 1.0A 0.9A 0.75A | 0.6A 285

LR-615-FM 0-120 vDC | 0.33A | 0.29A | 0.25A | 0.21A 285

LR-616-FM 0-250 VDC | 0.1A 0.09A | 0.08A | 0.07A 325

! Current rating applies over entire voltage range. Ratings based on 55-65 Hz operation.
2 Prices are for metered models. LR Series models are not available without meters.

OVERVOLTAGE PROTECTION Adj. Vait.
For Use With Model Range Price
LR-612-FM (0-20VDC) LH-OV-4 3-24V $35
LR-613-FM (0-40VDC) LH-OV-5 347V $35
Rack Rack Adapter Blank
Adapter LRA-2 Front Panels
LRA-1 5% Height. Model LBP-10
6v4” Height Price $35.00 '(3’/? rac;l; (s’é’ze)
” P — rice N
x 16'2” Depth . Model LBP-20

c(;g;:issesm;gs) : (/2 rack size)
Price $60.00 R Price $10.00

CHASSIS SLIDES: To order LRA-1 with chassis slides order LRA-1-CS, and add $50.00 to price.

Electronics | June 24, 1968



OR choose from these other Lambda power supplies

LPD

LP-LPD

Ripple: 500 ,V rms, 1

LP

Series

A-C Input: 105-132 VAC, 47-440 Hz
Regulation: (line or load) 0.01%+1mV

.5mV p. to p.

LH

LH, LK LK 5%2” (7” model also)

LH-LK Series AC Input:

Regulation: (line or load) 0.015% or 1 mV LH models —105-135 VAC, 47-480 Hz

Ripple: LH models —250 .V rms,
1mVp.top.
LK models 500 .,V rms

LK mode!s —105-132 VAC, 47-63 Hz
(LK7” package available in
188-238 V and 205-265 V only)

Size 574" x 8% x 10%"

T Voltage Range

I, Rack » LPD Series

LPD-424.FM | 0.~120/0-240| 0 38A/0.76A | 0 324/0.64A

LPD-425-FM 0-+250/ 0-800 0.13A‘0.28—l_ 0.12A/0.28A | ©0.11A 0.22a | 0.10A/0.20A 350
1 1 - — -_—

Size 5% x 4%14” x 10”

]

Size 54" x 19" x 16'2” Full Rack « LK Series

e Rack « LP Series,

Per output/ 1 MAX AMPS AT AMBIENT OF:

o“'P‘f“ L) Per cutput, Outputs in parallel Pricedy

| series - us and

Model- 71 voC 30¢ awc 50 ¢ 60 C e
P04Z1iM | 0201040 |17A/34A | 1.5A30A | 13A/26A | 0.9A 184 | $325
1Po-422#M | 0=40/0-w0 [10A20h | 085 138 [o7aten | ossataa | 260
[PD423FM | 0--60/0-120 |O7A 1.4h | O.6A 124 | OS5A 1.0A | 04A 0.8A 325
0.26A 0.52A | 0.20A/0.40A | 325

Voltage | CURRENT RANGE AT AMBIENT OF: !

Model? —— Price?
Range 40C | s0°C | 60 cT 71°C

LK-350 | 0-20vDC ;‘0—35A 0-31A | 0-26A | 0-20A | $675
| LR3S0 ) TR L TR B 1
Lx-351 | O 36VDC | 0-25A | 0-23A | 0-20A 0-15A | 640

I.l(-3;2 O——GOVDC 0-15A 0-14A 0—12.;A 0-10A ] 650

Size 7" x 19" x 184" Full Rack * LK Series

[ Voitage | CURRENT RANGE AT AMBIENT OF: |

= S ———— Price3]
Range s0°c | soc | e0°c | m'c
1 i |

Modei?

Modars | Voltage | 'CURRENT RANGE AT AMBIENT OF : I prices
30 cI 40°C I_so c | e0c

[LP.410 | 0-10 vOC | 0-24 [ 018a [ 016 | 0144 | 3129
LP.411 |020 vDC | 0-12A | 011A | 0-1.0A | 00.8A 119
LP.412 | 040 VDC | 0.0.70A| 0.0.65A| 0.0.60A | 0-0.50A| 114
[LP.413 [060 vOC | 0045A | 0-041A] 00374} 0:0.33A] 129
LR414 | 0120 VDC | 0.0.20A | 0-0 18A | 0-0.16A | 0.0.12A 149
LP415 | 0250 VDC | 0-80r£|:>0-72mA 0.65mA | 0-60mA| 164
Size 5%.” x 4¥%.," x 155" /4 Rack « LH Series

Moders | Yoltags | CURRENT RANGE AT AMBIENTOF: ' [

oc | soc 60 C nc |
- |

LH-118A| 0-10VDC | 0-4.0A | 0-35A | 0-29A | 0-23A | 3180
[Lr-121a] 0-20vDC | 0-24A | 0-2.2A | 0-18A | 0-15A | 170
LH-124A| 0-40VDC | O-13A | O-1.1A | O0-09A | 0-0.7A | 170
278 0.60vOC | 0.09A | 007A | 006A | 0-05A | 185
((H-130A| 0-120VDC | 0-0.50A | 0-0.40A | 0-0.35A | 0-0.25A| 240
Size 5% x 8% x 15%" ' Rack + LH Series

oser| Yolings | CURRENT RANGE AT AMBIENTOP:: T, |

sc | soc | ec | 7°c

LH-119A| 0-10vDC | 0- 90A| O- B.OA 0-58A| $289

LH-122A| 0-20VDC

0- 69A
—+ + -
0- S7A 0- 47A 0- 4 0A 0-33A 260

LH-125A | 0-40VDC T 0- 30A| 0- 27A | 0- 23A | 0-19A | 269
LH-128A| O0-60VDC | 0- 24A O 21A| 0- 1 8A+ 0-15A| 315
LH-131| 0-120vDC| O 1.2A| 0- 09A 0- 08A| 0-06A| 320
— — S S e a —J
Size 5% x 8% x 15%” 1, Rack + LK Series
RRENT RANGE AT AMBIENT OF: ¢
Mm!ol'| v:“"' vaU ~ :t TN Price?
| ange | 40°c | soc | 60'C 71°C
LK-:loAi 0-20vDC | O- BOA| O 70A | O- 61A | O49A | $330
LK-341A  0-20vDC | 0-135A | O-11.0A | 0-10.0A | 0-7.7A | 385
— = 4 - ~ ittt | B i A
LK-382A | 0-36VDC | O- S2A| O- SOA O- 45A 0-37A| 335
AR I E——— — SR G—
LK-383A| 0-36VDC | O- 90A | O- BSA | O- 7.6A | O-61A | 395
- — _4__ S
LK-344A | O-60VDC | O- 40A| O- 3.5A | 0- 3 on\_'+ 0-25A | 340
LK-345A | 0-60VDC | O- 6.0A| O- 52A | O- 4.5A | 0-4.0A | 395
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|
t -
LK-360-FM | 0-20VDC | 0-66A = 0-59A l 0-50A o.wA_L $995
T+ -
LK-361-FM  0-36VDC | 0-4BA | 0-43A | 0-36A 0-30a | 950
S S N —t — — S —
LK-362-FM | 0-60VDC | 0-25A | 0-24A | 0-22A | 0-19A | 995

Overvoltage Protection
Overvoltage protection up to 70VDC is available
as a plug-in accessory with all LR, LP and LPD models
and for LH and LK models with Suffix “A™.

For models with | Specify this Adj. Volt
this VDC OV Accessory Range Price
0-10, 0-20 LH-OV-4 3-24V $35
0-36, 0-40 LH-OV-5 3-47vDC 35
0-60 LH-OV-6 3-70vDC 35

Overvoltage protection up to 70 VDC as a built-in
option for full rack LK models. To order, add suffix
(—OV) and add $90.00 to price of models LK-350—-352;
add $120.00 for models LK-360-FM—362-FM.

NOTES:

1 Current rating applies over entire range. Ratings
based on 57-63 Hz operation.

2 Prices are for non-metered models. For metered
models, add suffix ""-FM"" and add $10 to price
for LP, $30 for LH and LK.

3 Available metered only.

4 For chassis slides for full-rack models, add suffix
©.CS" and add $60 to price for 5% LK models,
$100 for 7” LK models.

5 All subrack models in this ad fit rack adapters
described on previous page.

All specifications and prices subject to change with-
out notice.

Write, wire, or call to order direct, for information,
or for new Lambda Power Instruments catalog.
LAMBDA Electronics Corp., 515 Broad Hollow Road,
Melville, L. 1., New York 11746, TEL. 516-694-4200,
TWX 510.221-1897.

ATLLAMBDA
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NOW! NEW VSME. SYSTEM BRINGS

® RIGHT AT THE DESK = MORE CATALOG DATA
FROM MORE VENDORS = MORE COMPLETE
PRODUCT DATA FROM EACH VENDOR

= AVERAGE COST: LESS THAN $60 PER YEAR
PER MAN

A design breakthrough in microfilm technology — the
VSMF Satellite » Reader-now brings all the advantages
of the VSMF (Visual Search Microfilm File) System right
to the engineer’s desk for instant use!

The VSMF System, already providing up-to-date,
indexed, microfiimed catalog and technical data in more
than 500 U. S. industrial installations, now achieves the
ultimate in ACCESSIBILITY — individualized data sys-
tems, an arm’s length away.

The new 8mm Satellite Data System provides:

a all the data and the same indexes as the VSMF 16mm
Data Center at a much lower cost, and

@ a section or sections of the file applicable to a specific
design specialty for as little as $348/year.

ECONOMICAL VSMF EXPANSION

In companies with large engineering staffs, where VSMF
16mm Data Centers already are located, the Satellite
System will offer a more economical means of expanding
the use of VSMF to additional plant locations.

In companies with smaller engineering staffs, the new

Satellite Reader System offers the increased data search-
ing efficiency of VSMF at a much lower cost than
previously available.

ONLY 11 POUNDS

The new Satellite Reader:
®m weighs 11 pounds ® has screen dimensions of 8 x 10%"
m utilizes a simple hand control for page scanning

m utilizes a no-threading film cartridge that holds 4,400
pages of data.

COMPLETE DATA!

The Satellite Reader not only is bringing a new look to
engineering and design departments, but also has brought
a new look within the total VSMF System itself. The
immediate and enthusiastic acceptance of the Satellite
Reader in field tests has resulted in the following system
improvements:

8 VSMF data on each vendor now will be COMPLETE, due

to a new policy of including all of each vendor's catalog
data at NO CHARGE to the vendor
® individual VSMF files have been broadened to better
serve the needs of different specializations within the
engineering field. The tollowing files now are available:

VSMF Design Engineering File

VSMF Plant Engineering Catalog File

VSMF Documentation File

VSMFMilitary Specifications File

VSMF Military Standards File

VSMF COMM-PAK Files, tailor-made to data storage

and retrieval systems foran individual company’s needs



FOR ENGINEERING SPECIALISTS

Specialized sections of the above files also may be
obtained separately, in the following categories:

m DESIGN ENGINEERING . . . Electrica!l / Electronic / Fluid
Systems / Instruments / Materials & Fasteners / Power
Transmissions and Hardware / Production Equipment and
Services

m PLANT ENGINEERING . . . Electrical / Process Piping /
Instrumentation & Control / Mechanical / Architectural &
Structural / Materials Handling / Plant Operating Equip-
ment & Materials

The VSMF System of Data Centers and Satellites saves
time, space and money. More importantly, it helps im-
prove engineering performance by providing vendor
product information that is ACCESSIBLE, UP-TO-DATE
and COMPLETE.

For more information on the all new VSMF System,
including the exciting Satellite Reader, please call your
VSMF representative, or write Information Handling
Services, Inc., Denver Technological Center, Englewood,
Colorado 80110... Dept. E624

nformation
HANDLING SERVICES, INC.

DIVISION OF INDIAN HEAD INC.
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“80 dB

voltage gain
in a10.7 MHz
FMIF Amplifier
System from
just this?” |

Yes~and an FM detector and audio pre-amp, too! It's the RCA-CA3043
for FM IF systems—a superb package that gives you 80 dB of

IF voltage gain plus audio current gain in the audio pre-amp stage.

All this—with an exceptionally low limiting (knee) of 50 uV and .
an internal AFC reference voltage. Detector efficiency is enhanced b
by the use of forward-biased diodes. The CA3043 is packaged in

a standard TO-5 configuration for operation at full military

temperature range of —55°C to +125°C~ready to go into your

equipment for only $1.60 per unit (1,000 units). Ask your RCA

Representative for details. See your RCA Distributor for his price and

delivery. For full technical information, write Commercial Engineering,

Section ICN-6-2, RCA Electronic Components, Harrison, N.J. 07029.

zener-regulated power supply high-performance detector
Rig

P i

audio pre-amplifier

IF amplifier and limiter

“ ll Integrated
Circuits
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Editorial comment

NASA at the crossroads

Despite the unclear role the National Acronau-
tics and Space Administration will play over the
next several vears in meeting national goals, the
agencey’s Electronics Research Center holds some
definite ideas abont its own directions.

Recently, Edward C. Welsh, executive scere-
tary of the National Acronautics and Space Coun-
cil. warned that the Soviets have an orderly,
persistent, and well-planned space program, in-
chiding a “vigorous” project for a manned land-
ing on the moon’s surface. “They don’t seem to
be handicapped by fluctuations in their budg-
ctary thermometer, as we sometimes are,” Welsh
noted.

The U.S. space agency, still reeling from bud-
get ents, faces additional attrition in its person-
nel. Added to that, a survey by the House Sub-
committee on NASA Oversight did not paint a
rosy picture of support for NASA programs.

Of 750 top industrial executives who reccived
a questionnaire sent by the committee, 300 did
not bother to reply. Among those who did. 35%
thought the annual NASA budget too high, 27.4%
thought the manned lunar landing project should
be changed, and 9.8% thought it should be elim-
inated. When it came to ranking programs as to
their importance in relation to national goals,
space did not score well; national defense, for
instance, and poverty and other social programs
ranked higher.

On the other hand. a significant portion
(75.3%) thought the contributions of the space
program to technological progress in our indus-
tries were worthwhile,

NASA executives are in a dilemma. Should they
emphasize mission-oriented programs or broader-
based programs that utilize NASA-gencrated tech-
nology? Would trving to do both spread the
ageney’s limited resources too thin?

An inkling of NASA’s approach as far as clec-
tronics is concerned is gleaned from a sampling
of the programs contemplated in the agencey’s
Electronics Research Center for fiscal 1969 and
bevond. Among the major ones are several in
cach of these areas: testing and diagnostics,
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process control and simulation, standardization
of software, time reference systems, and the de-
velopment of circuit designers” manuals. Specific
projects include the study of reflectometry tech-
niqnes for testing IC’s, combinatorial techniques
for fault diagnosis of circuit arrays, and fault iso-
lation and diagnosis in multiterminal clectronic
components.

In the arca of process control, one work pro-
posal concerns the modeling of a production line
for IC’s as a stochastic network; the model could
be analyzed to help answer questions about the
number of wafer starts required for a given
production level, the optimum flow of wafers
through cach process step, and rework on re-
jected material. The rescarch center is continuing
its scarch for reasons why clectronic compo-
nents, particularly 1C’s, fail, and hopes to define
the processes required to fabricate high-relia-
bility semiconductor devices.

The proliferation of computer-aided circuit de-
sign programs—called the “software Babel” by
NASA—now devours about $100 million a year.
NASA thinks the answer could be standardization
and qualification of CAD programs. The construc-
tion of a network compiler could help here.

An example of NASA’s leanings toward carth-
oriented applications is a plan to study automatic
in-flight identification of impending component
failures in supersonic aivcraft. The idea is to
simulate on-hoard failures and corrective pro-
cedures. From such a study might come a recom-
mendation to extend on-board computers or,
alternatively, to use a ground-based system to
do the job.

In still another project, the techniques already
developed for Apollo countdown and perform-
ance optimization might be applied to automatic
test, navigation, and air traffic control for manned
aireraft, including V/STOL and supersonic tvpes.

The NASA center is also concerned with devel-
oping prototype models of advanced clocks for
use in standard time reference systems. Accu-
rate time measurements are vital for telemetry,
guidance, the clocking of instruments, collision
avoidance, delay switches, and on-board experi-
ments involving relativity.

If NASA is able to summon the money and
manpower to carry out these ambitious studies,
and others like them, the results could be of value
not only in the short term to NASA itself but in
the longer run to industry generally.
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Toroid selection for pulse transformers
used to be a nightmare.

But our ferrites have changed all
that.

They're Pulse-Rated. A first for
the industry.

The only toroids with specified
characteristics for pulse
transformer applications. Not just
the usual irrelevant magnetic
properties. Each part is designated
as a pulse component, and listed
by its pulse inductance, pulse
magnetizing current and ET

product, according to ASTM
methods.

We also guarantee all parameters.
Every pulse transformer toroid we
make is 100% tested. Performance
reliability is assured from samples
to production quantities. We make
use ol automatic high speed testers
to guarantee these param-
eters.

It marks the end of
trial and error spec’ing.

".Q

Especially for computer
applications. The 230 mil diameter
core is just the first in our

series of PR toroids.

For literature or samples of our
new PR toroids, write Indiana
General Corporation, Electronics
Division/Ferrites, Keasbey, N. J.
Pleasant dreams.

INDIANA GENERAL

Making Magnetics Work



Philco giving up
on MOS calculator

Reconnaissance job
seen for big vidicon

Litton seen tapped
for prototype of
guidance system

Electronics Newsletter

June 24,1968

Philco-Ford’s Microelectronics division seems ready to call it quits
on the Victor 3900 calculator, the MOS machine that the company has
been building for Victor Comptometer of Chicago [Electronics, March
6, 1967, p. 231].

Introduced with great fanfare as the first true desk-top calculator in
late 1965, the 3900 has been the hope and despair of the old General
Micro-electronics Inc. and the Philco-Ford Corp. that acquired it early
in 1966. Engineers at first experienced great difficulty in making the
extremely complex IC’s, and after many false starts, the calculator went
into production last fall. But Victor has complained lately that produc-
tion problems have kept shipments below its requirements.

A Victor spokesman said that neither he nor anyone else in the com-
pany had been informed of Philco’s move. However, it's known that the
two companies are negotiating to end the contract, and Philco has already
shut down its production line.

The plant, part of Philco’s Santa Clara, Calif., complex, will reportedly
be used for the production of diodes and rectifiers for the automotive
market. The new divisional plan that Microelectronics boss John R.
Welty will present to Philco-Ford next month will emphasize penetra-
tion of the auto market as well as stress in bipolar IC's.

Reports that Philco will get out of MOS entirely were denied by the
firm. The Microelectronics division will concentrate on a standard line
of MOS products to be manufactured at Santa Clara. Philco’s MOS R&D
work has been transferred from Santa Clara to Blue Bell, Pa.

A vidicon with a sensitive area, or “target,” 70 millimeters in diameter
may form the core of an advanced television sensor system for air recon-
naissance. Under a partially classified, $1.2 million Air Force research
contract, RCA will develop a flight version of a tube already demonstrated
in the laboratories.

The target, perhaps the largest of its kind, suits the tube to ultra-
high-resolution operations. A source at RCA’s Aerospace division in Burl-
ington, Mass., expects a level of 6,000 lines and describes this as “com-
petitive with photography.”

Since resolution may be two or three times higher than that of present
military systems, RCA is expected to develop complementary displays
capable of reproducing images as sharply as its vidicon can record them.

Chances are slim that the Air Force will be able to fund two contractors
to develop flight-prototype systems for the doppler inertial loran (DIL)
program. Project officials concede they lack the money to contract with
a second source.

A contract to build the prototype and fly it on an F-106 in a 30-month
program is expected to go to Litton’s Guidance and Control Systems divi-
sion, which was low bidder in the final go-round. Two competing com-
panies, funded by the Avionics Laboratory, Holloman Air Force Base,
N.M,, to do feasibility studies, were Teledyne Systems and Kearfott.

The multisensor system, aimed at improving navigational and weapon
delivery accuracy, would be a candidate for incorporation into new tac-
tical aircraft—the FX, for example,
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New Raytheon crt
is small but bright

Defense firms hope
antitrust probers
will tread softly

New copyright bill
is next for CATV

Pentagon to keep
closer tabs on
contract efficiency

26
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A new projection cathode-ray tube that’s about a fifth the diameter of
the brightest tubes now available but is nearly as brilliant has been
developed in-house by Raytheon’s industrial components operation in
Quincy, Mass. The five-inch-diameter tube might replace the present
24-inchers that have to use costly and complex Schmidt optics—lens-re-
flectors much like those used in some astronomical telescopes.

The big tubes with their complex optics are capable of outputs of
15,000 to 20,000 foot-lamberts, but Raytheon’s tube has already achieved
10,000 to 12,000 foot-lamberts without mirrors or lenses. The secret lies
in the new tube’s faceplate material; heat is quickly conducted away
from the phosphor, and this allows the generation of more light by power-
ful electron beams without over-heating and destroying the phosphor.

Raytheon is aiming the tube at such applications as the Naval Tac-
tical Data System and computer displays.

Defense contractors are becoming increasingly uneasy about the current
Congressional inquiry into the antitrust implications of military procure-
ment. Particularly under scrutiny are the 100 companies and their sub-
contractors that account for 65% of the $40 billion in defense orders
awarded each year.

The chairman of the Senate antitrust and monopoly subcommittee,
Phillip A. Hart (D., Mich.), says the hearings are aimed at determining
whether more competition would cut defense costs. More than 50% of
defense contracts are let without competition.

Industry spokesmen note that what the Senators may fail to realize is
that the choice of suppliers is limited in the case of sophisticated
weapons, and that competition in this area exists more in technology than
in price,

Cable-television operators, buoyed by the Supreme Court’s ruling that
they needn’t pay fees for copyrighted programs, still have another hurdle
to clear. CATV interests, film producers, and broadcasters must hammer
out an agreement that can be used in the formulation of a new copy-
right bill to cover CATV. This move was asked by Sen. John L. Mc-
Clellan (D., Ark.), chairman of the Senate patents subcommittee. It is
doubtful that Congress will take up the issue this year, but broadcasters
and film producers will undoubtedly be clamoring for action in the next
session of Congress.

The Pentagon may start running efficiency checks on contractors whose
design and engineering prices seem out of line. The decision stemmed
from a Navy efficiency team’s discoveries at the Pratt & Whitney division
of United Aircraft. Pratt & Whitney originally estimated the costs for
F-111 jet engines at $273,000 each, but after production started the figure
soared to $700,000.

Navy inspectors, ordered in by the Pentagon, found inefficient use of
manpower and machines and poor managerial decisions on whether
to make or buy parts. This inspection marked the first time the military
insisted on going beyond costs to check efficiency. Usually in a nego-
tiated fixed-priced incentive contract, the Pentagon is concerned only
with the accuracy and completeness of cost estimates and with striking
a bargain on fair profits.
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SEMICONDUCTOR

Iirs

PUBLISHED BY MOTOROLA SEMICONDUCTOR PRODUCTS INC.

3rd GENERATION TTL SOLVES TRANSFER, “RINGING"’ PROBLEMS!

The MTTL 111 line of integrated cir-
cuits provides a “whole new ball game™
for the logic designer who likes the speed
and capacitance drive features of TTL,
but can’t live with some of its inherent

problems — namely, a less than optimum
voltage transfer characteristic and a ten-
dency for “ringing.” MTTL 111 circuits
employ an internal bypass network,
which climinates the extra breakpoint in

- S o ———
1 $
MTTLIN Rk ?
3.0
] TTL
<
-
S
2
2 204
2
a
-
=2
o
1.0
0 — T
0 1.0 2.0 3.0

INPUT VOLTAGE

For details circle Reader Service No. 316

the transfer characteristic of conven-
tional TTL.. Diodes have also been added
to the input to limit ringing.

The MC3000 MTTL III series con-
sists of 18 functions in the 14-pin Uni-
bloc plastic package and TO-86 flat-pack
(0° to 75°C). Included are AND, NOR,
OR. series-terminated line driver and
power gates, as well as five flip-flops. con-
sisting of a dual “D" and single and dual
J-K types — one of these being a master-
slave unit similar to those found in DTL.
The flip-flops are edge-triggering rather
than storage devices as in standard TTL,
climinating the need for minimum-width
clock pulses.

All the gates are pin compatible with
74HN types, except for the single 8-input
gate. Prices range from $1.85 for the
MC3000?2 to $2.95 for the MC3052 and
$4.70 for the MC3060/61/62 (1000-up).
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New Dual Diff-Comparators Double Design Dexterity

Two new dual differential-voltage
comparators, the MCI711 and MC-
1711C, are now available to simplify
level detection, low-level sensing and
memory applications.

Both types provide typical input offset
voltages of only 1.0 mV and offset
voltage drift is a low 5.V /°C (typ).
Their low-level differential input char-
acteristics, coupled with a typical fast
response time of 40 ns, make them ideal
for functions such as voltage compara-
tors, variable threshhold Schmitt triggers
and pulse height discriminators.

Their outputs are compatible with all
saturated logic forms — as indicated by
atypical V,, rangeof +4.5Vto —0.5V.
In addition, output impedance is speci-
fied at 200 ohms: and, their unusually
high voltage gain (for a differential com-

parator) is 1,500 typ. The MCI711
operates over the full =55 to +125°C
range, while the MC1711C is spec’d for
0 to +75°C operation.

Bk

AL T T
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Prices (100-up)

Package Types MC1711 MC1711C
T0-100 (“‘G” suffix) ......... $13.50 $7.00
To-86 (“F"' suffix) ......... 13.50 7.00
Unibloc (P’ suffix) .......... N.A. 6.50

For details circle Reader Service No, 317

“Standard” 12-Gate Array MSI Circuit
Can Be Customized To Your Specs!

You can now design your own second-
layer metallization using the new

0
¥ VADN
0

28

Design your own interconnect pattern as
illustrated in this 4.channel clocked latch.

Motorola XC157 12-gate array to form
complex monolithic integrated circuit
functions such as a 4-bit compare cir-
cuit, a quad exclusive OR, a 4-channel
clocked latch or a dual “D” fiip-fiop, to
name just a few.

The XC157 is a form of MSI in which
the first metallization layer provides
intraconnection of each gate leaving the

logic input diodes and output load resis-
tors uncommitted. You design the second
laver of metallization to complete the
diode resistor intraconnections along
with gate-to-gate interconnections. In all,
the XCI157 array represents a significant
and necessary step toward the accom-
plishment of economically feasible large
scale integration!

This array is designed for medium-
speed computer applications with propa-
gation delays on the order of 20 to 30
ns per gate. The second layer of metal-
lization may also be used to connect two
or four adjacent arrays to form larger
monolithic circuits encompassing up to
48 gates. These large-scale arrays may
be supplied in the same 32-pin flat-pack
used to house the basic 12-gate array.

To simplify second-layer metallization
design, the comprehensive data sheet for
the XC157 includes the array schematic,
a diagram showing available “nodes” and
a list of design rules — all that’s needed
to develop complete interconnection
patterns.

Costs range from $25 to $40/unit
with a “first lot charge” of $2,000 to
$5,000 for masking and test set-up, de-
pending on the complexity and type of
requirement. Delivery time is about eight
weeks.

For details circle Reader Service No. 318

Dual Adders/Subtractors
Cut RTL Systems’ Costs

Two complex-function I/Cs have been
added to Motorola’s MRTL line which
offer a very low power dissipation of 70
mW (typ). They provide for greater
design flexibility as well as lower your
systems’ fabrication costs.

The MC996 series dual full adder is a
18-gate array that provides the SUM and
CARRY functions while requiring only
(A) and (B) inputs with CARRY IN.

The dual full subtractors (MC997
series) provide the DIFFERENCE and
BORROW functions while requiring
only (X) and (Y) inputs with BOR-
ROW IN.

These MRTIL. circuits are available in
four full operating temperature ranges
(=55 to +125°C; 0 to +100°C; 0 to
+75°C and +15 to +55°C). The MC-
996/997, MC896/897 and MC796/797
come in the TO-86 flat-pack and operate
at —55 to 125°C (MCY96/7). 0 to
+100°C (MC896/7) and 415 to
+55°C (MC796/7). The MC896/897
and the MC796/797 also come in the
Unibloc package (0 to +75°C and 415
to 4+55°0).

MRTL T0-86 Unibloc
TYPES {100-up) {1000-up)
MC796/797 $ 8.00 $3.75
MC896/897 8.75 4.20
MC996/997 13.00 N.A.
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1%, 1:s Memories With Dual
I/C Sense Amps = MC1541F

Two channels on the input of the new
MC1541F make it possible to reduce
by as much as one-half the number of
1/C sense amp packages required for 0.5
p$ core memory applications. Either
input can be gated “on™ to provide im-
mediate signal detection without inter-
ference from unwanted warm-up signals.

Basically a dual-gated sense amplifier
(with differential input amplifiers), the
MC 15411, also features adjustable thres-
hold. saturated logic output levels, and
a strobe input that accommodates satu-
rated logic levels.

In addition, a built-in reference volt-
age and separate threshold adjustment
make it possible to easily check voltage
levels so that the threshold setting can
he less sensitive to power supply varia-
tions. Further, it exhibits a 6 mV
threshold range, for greater accuracy.

Packaged in the TO-86 flat-pack (=55
to +125°C) it is priced at $18.00 in
100-up quantitics.

ELECTRICAL
CHARACTERISTICS Min Typ Max

Input Threshold Volt. (mV)
Ta = 425°

14 17 20

Ta = —55°C, -125°C 12 17 22

Input Offset Voltage (mV) |— 1.0 6.0
Propagation Delay (ns)

Input to Ampl. Output 10 15

Input to Qutput 20 30

Strobe to Output — 15 20

Gate Input to Ampl. Input 10 15

Gate Input to Ampl. Out 30 35
Common Mode Range (V)

Input Gate High/Low — 1.5 —
Ditferential Mode Range (V)

{nput Gate High — | +0.6 —

Input Gate Low — | *15 —
Power Dissipation (mW) — 140 180
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Recent price reductions for all MECI.
I circuits plus the minimizing of *“pack-
age-count™ (made possible by their com-
plementary outputs and high fan-out)
and the introduction of new complex-
function types, now provide for a sub-
stantial lowering of total system costs. It
is conservatively estimated that the sys-
tem designer can now save 30%. or
more, and still enjoy the benefits of the
world's fastest, most advanced 1/C logic
form.

Use MC1029/1229 to Cut Down Wir-
ing and Package-Count!

This data distributor, a 2-by-3 array
of 2-input OR gates, utilizes negative
logic. (That is, the positive OR function
becomes the negative AND.) Its typical
propagation delay is just 5.0 ns, permit-
ting rapid data transfer. The accompany-
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MC1539 ... THE BEST I/C OP AMP YET!

Motorola’s MC1539 integrated circuit
operational amplifier (and MC1439)
set a new industry standard of perform-
ance — out-distancing both the popular
MC1709 type as well as the more
recently announced 101 Op Amp.

These state-of-the-art Op Amps offer
six distinct advantages:

1. Input Offset Voltage 2.0 mV lower,
requiring less bias compensation.

2. Input Offset Current is almost an
order of magnitude better, for high
input impedance designs.

3. Large Power Bandwidth—allows full
output swing at high frequencies
(see illustration).

4. Built-in Output Short-circuit Pro-
tection (reduces human-error), and
Input Over-voltage Protection, for
higher transient suppression.

. Twice the minimum Gain over the
full operating temperature range, for
high performance with optimum sta-
bility.

6. IFast Slew Rate — typically 34 V/ps
at A,y = 100 (twice as high as the
MC1709 and 101 types) makes the
MC1539/1439 ideal for comparator
applications which require extremely
fast “‘slew rates.”

As added frosting on the cake, the
MC1539/1439 employ the same pin con-
figuration as the MC1709 and 101 types.
And, vou don't have to pay premium
prices for this top-performance Op Amp!

Both units come in the 8-pin, TO-99
metal case. 100-up prices: MC1339G—
$12.00: MC1439G—$7.50.

[228

Key Parameters ME,‘JSQ Type
eth iz typd | 1OKK: ltypl
v v
M
oltigr Gan Avc 25.000 25.000
put Offse1 Ve tag Smv Smv
v {max) (mas)
np ¢ Oftset Current 200nA 2000A
| (max) max
np t 1500nA 150004
(max} max

POWER BANDWIDTH
{OUTPUT VOLTAGE vs. FREQUENCY}
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1 / TYPE JHE1539
w ‘/ HH
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The MC1539's typical Power Bandwidth is
5 times higher than the 101 and as much
as 10 times that of the MC1709!
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Complex-Function MECL 11 1/Cs Reduce System Costs Up To 30%!

ing diagram illustrates one manner in
which the MC1029 can be used to reduce
wiring requirements and package-count.

Quad Exclusive OR and NOR Gates.

MC1030/MC1230 quad Exclusive OR
gates are high-speed circuits that employ

Register data transfer system — using two MC1029/1229 MECL 11 I/C’s
- = - - = .
Tt 2 a ™ ay a A

N
:...-: a ) lu 1w ) J 0 ] REWSTER

i |
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For details cirele Reader Service No. 322

the series gating technique, while the
MC1031/MCI1231 are their NOR gate
counterparts. These devices are generally
useful for data comparison, parity gen-
eration and checking, decision circuitry
and frequency mixing.

Prices

MECL 11 Po wpr wpr

TYPES TP | (1000-up) | (100 w) |
MC1029P $2.60 =
MC1229F UAILAA SR $5.50

1 1

MC1030P/31P $3.95 =
MC1230F/31F L ()

L $7.75

They are available in the Unibloc
plastic case (0 to +75°C), and the TO-
86 ceramic flat-pack (=55 to +125°C).
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30 Amp NPN Silicon
Power Transistors Now
Pair-Up With Popular
PNP Counterparts!

30 amp, 200 watt silicon power NPN/
PNP complements — yesterday just a
hope . . . today an “off-the-shelf” reality!

With the advent of the 2N5301/02/03
NPN series, designers can realize sub-
stantial savings by utilizing complemen-
tary symmetry in their high power
circuitry. In addition to reducing com-
ponent costs and simplifying designs,
these 30 amp devices provide a high
degree of frequency stability for both ac
and dc driven loads, without additional
impedance-matching transformers.

The new NPN 2N5301-03 series (as
well as the PNP 2N4398/99 types)
dissipate up to 200 watts with Vg, of

Complementary silicon power-pairs obviate
“totem pole” output stages, complex bias
adjustments and circuitry.

40, 60 and 80 volts, enabling direct, plug-
replacement of germanium types in
“extra tough” amplifier, voltage regu-
lator and modulator designs. There’s also
no need to sacrifice speed for power in
switching applications, due to 400 ns
typ. delay and rise-time (@ 10 A, 30 V).
And, efficient, low-power-loss, low dis-
tortion performance is ensured by a low
saturation voltage at high current levels.

Add excellent gain lincarity over an
I range of 5-20 A, peak surge current
of 50 A, 200 W power dissipation @
T, = 25°C, a typical f; of 4 MHz,
rugged TO-3 cases — and you've got
the right combination of parameters to
assure that your power amplifier designs
are tops in performance and reliability.

Types Veeo s Ve | Prices (100-up)

NPN PNp | (sus) ma " NpN - PNP

2N5301 | 2M4398 [ 40V | 15/60 | 10V [ 3460 $7.50

2N5302 | 2N4399 | 60V | @15A | @15A | 510  9.05
15/60 | 10V

@10A | @104

2N5303 - 80v 12.00 —
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Temperature-Stable Silicon Nitride
MOSFETs Now a Volume Production Reality

Motorola has developed a reliable and
repeatable production technique for sili-
con nitride passivation which it is now
using in the volume fabrication of MOS
field-etfect transistors — to assure para-
meter stability even under high tempera-
ture and reverse bias conditions.

Although silicon nitride has been used
in the laboratory for some time to reduce
sodium ion contamination problems in-
herent in MOS devices, it has been diffi-
cult to employ on a volume production
basis. Now, through a Motorola process-
ing breakthrough, silicon nitride passiva-
tion is being applicd to mass-produced
MOSFETs.

Sample lot testing has indicated that
cven when subjected to reverse bias at
200°C for 1,000 hours, the silicon nitride
passivated MOSFETSs' parameters re-

mained stable (standard MOS devices
using only SiO. passivation have
exhibited shifts in their operating points
when subjected to this stringent test).
The severity of this test is so great it has
been said to present to the device, a
challenge similar to “"a man going over
Niagara Falls in a rowboat!”

The new and proprietary silicon nitride
passivation process has now been incor-
porated in all Motorola's MOSFET lines
including:

e 2N4351/52: 2N3796/97

e 3NI155/56/57/58

e MFE3001/02/03/04/05

Motorola distributors have been stocked
with silicon nitride MOSFET units, and
“volume requirements” are immediately
available from the factory.

For details circle Reader Service No. 324

HV Ge. Power Units
Up Inverter, Switching
Circuits’ Performance

Designers of power switching, inverter,
deflection and power supply circuits will
find that the new 2N5324-25 epitaxial-
base, high-voltage germanium power
transistor series will give them more of
what they’ve been looking for in peak
performance parameters!

For example, they feature a low-col-
lector cutoff current — only 7.0 mA max.
— at very high voltages, along with low
saturation voltages at I = 10 amps and
fast switching speeds, also at high-cur-
rent levels . . . And, that’s only a starter!
They also deliver a minimum dc current
gain of 20 at 5.0 amps and can dissipate
a full 56 watts of power at T = 25°C.

Talk about safe operating areas . . .
their high sustaining voltages — Vg grses;

— is pegged at both 3 and 10 amps, spec’d
where you really need it for most critical
power designs!

Factor in a current-gain-bandwidth
product of 2.0 MHz min. and feather-
light all-aluminum TO-3 package — plus
the fact that every unit has undergone an
elevated 125°C “bakeout” for 100 hours
(to assure stable, drift-free performance)
and you'll find that these new germanium
power devices can supply a parameter
mix that’s hard to come by, at any price.

Key Parameters | 2N5324 2N5325
High Vcs Ratings (min) 250V | 325V
Low lcex @ High Veex 7.0mA 7.0mA
| (max) i @ 250V Jb @ 325V |
) High hee @ High ch A)SO @ 5.05
Low Vce(sat) | 0.5V (max)
| Low VBE[;:O) @J‘i 104 | 0.75V (max)
_High Po @ Tc —= 25°C N §6W
Fast Switching Speeds te = 1548
@ High Ic (5.0A) ts =10 1S
I (max) o k= 7;0 uS )
Low Prices (100-up) $3.00 [ $4.00
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Tightly-spec’d 2:1 loss Ratio JFETs Eliminate Guesswork Design

Now, for the first time, engineers can
utilize the inherent performance benefits
to be derived from field-effect transistors
vet, take the guesswork out of their am-
plifier designs. A new JFET series, types
2N5265-70, which is closely character-
ized by a Designers Data Sheet, provides
guaranteed 2-10-1 1,44 ranges. Presently,

rType Ves(ot1) loss{ma) Yis{pmhos) Prices
No. (V) Max, | Min.-Max. Min.-Max. | (100-up)

S
900-2700 | $5.40

o

—_—

[2Ns265 | 30 | 0510

i 2N5266 | 3.0 | 0.8-16 | 1000-3000  5.10
[2ns267 | 60 | 1.53.0 | 15003500 4.80
[2Ns268 | 6.0 | 2550 | 20004000  4.50 |
i 2N5269 | 80 | 4080 22004500 480 ’
| 2ns270 | 8.0 7.0-14.0

2500-5000  5.10 |

Plastic NPN/PNP Ampl. High
In Low-Level Performance!

How low can an amplifier go and
still be a high gainer? Try Motorola's
NPN 2N5209/10 and PNP 2N5086/87
complementary silicon Annular plastic
transistors the next time you have a low-
noise, low-current high-beta application
and sce for vourself just how high per-
forming a low-level amplifier can get!

And. they're low in price — housed in
the TO-92 Unibloc plastic package — yet
so rugged and dependable.

Useful in most any high-gain low-
noise pre-amplifier and predriver appli-
cation, these versatile transistors take the
high-cost out of low-level amplifier
designs without sacrificing performance
and reliability. And. as they can be used
in complementary schemes, you can sim-
plify circuitry and reduce component
count. Compare these highlights:

o Low 1.0 kHz Noise Figures (max)

NPN PNP
2N5209 — 4 dB 2N5086 — 3 dB
2N5210 — 3 B 2N5087 — 2 dB

o Low lcso — 10 nA (max) @ 10V
o Low C., — 4.0 pF @ 5 V/100 kHz
o Low fy (typ) —
2N5209/10 — 80 MHz |2N5086/87 — 130 MHz

[ ] High hr[ @ Low Ic (100 [lA)
2N5209 — 100/300  2N5086 — 150/500
2N5210 — 200/600  2N5087 — 250/800

e ngh BVceo — 50 V (min)
o Prices (5,000-up)

2N5209 — 31¢ 2N5086 — 35¢

2N5210 — 34¢ 2N5087 — 38¢

But don't take our word for it. Try
them yourself. Your distributor has both
the PNP and NPN versions in stock and
we can deliver large quantities in “quick-
time™ from the factory.
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most comparable devices carry at least
a 3-to-1 and some as high as a 5-to-1
ratio, in this key parameter.

Gain being a function of Ipgg, these
new FETs also operate at comparably
high Y, ranges, an assurance of high
bias stability. In addition, their high
breakdown voltages (BV g5 = 60 V)
allow them to be used over a broad range
of operating conditions with less chance
of failure due to surges.

The Designers Data Sheet, describing
the 2N52065-70 secries, contains a full
complement of minimum, maximum and
typical design curves. You can now stop
worrying about the performance of any
of these devices even when operating
under conditions other than major test-

For details circle Reader Service No. 326

&R ER
B TG —
T —"SERE
[ o —

Vg, GATE  SDURCE VOLTAGL (Vdel

This curve for the 2N527Q illustrates the
tight 2-to-1 Iy ratio offered by the new
2N5265-70 JFET series.

points.

Characterized as general purpose am-
plifiers. these p-channel devices also serve
in many switching applications. All are
available in the TO-72 package.

40-mil lead Sur-
metic zener di-
odes now join the
popular Surmetic
20 (500 mW) and
Surmetic 30 (1.0
W) series, upping
power handling
capabilities to 5
watts — to serve
a wide range of
economy applica-
tions.

Move Over, Costly Stud Units...
Here Come Surmetic ‘40’ Zeners!

You've got an application need for a
+5% . S-watt zener diode that will
handle non-repetitive square wave surges
to 180-watts maximum. It has to be rug-
ged, reliable, and reasonably within your
budget. You'd like it to have low leakage.
You specify a 10-watt stud zener diode,
right?

Wrong!

The new IN5333-88 plastic, axial-lead
Surmetic ‘40" zener diode will do every-
thing a stud device could do in an appli-
cation like this, plus give you these
impressive advantages:

e Low-cost — 100-up prices arc one-
half comparable-performing stud
devices! (Only $1.85 for voltages
up to 100 V. =5% tolerances.)

e Superior surge capability — up to
300% better than published ratings

for comparable plastic units and
up to 4 times greater than the Mil-
spec fer metal 10-watt units!

o Oxide-passivated junctions — only
from Motorola!

e Mounting freedom — you can
choose any position or mounting
arrangement without special clips
or terminals. In accordance with
the proposed new JEDEC method
of rating power capability in terms
of lead length/temperature, the
Surmetic 40" will casily dissipate
S-watts @ T,, = 75°C (measured
38 away from body).

The new series has over 40% greater
power capability thansimilar plastic units,
under equal conditions .. .and leakage
is up to 20 times (50 nanoamps) less!
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DUAL MONOLITHIC PREAMPLIFIER INTEGRATED CIRCUIT

— Provides 2-in-1 Package Convenience And Cost Savings!

MC1303P LINEAR | C SERYES QUAL PURPOSE

The new MCI303P, consisting of two amplifier circuits on a single mono-
lithic chip, is designed primarily for compact, low-signal-level applications. Its
dual circuitry makes it readily adaptable to multiple function use (as illustrated),
to afford savings in space. parts, and assembly time, as well as increasing effi-
ciency.

Some of the outstanding specifications that contribute to the performance
of this unusual dual linear 1/C are (per each amplifier):

* Low Noisc Input Voltage — 0.5 uV (1yp)

* High Open-Loop Voltage Gain = 8,000 (min)

* Large Qutput Voltage Swing — 4.5 V... (min)

* Wide Channel Separation = 60 dB (min) at 10 kHz

The MCI303P comes in the 14-lead dual in-line Unibloc plastic package;
and, is priced at only $3.50 (100-up) — just $1.75 per amplifier circuit!
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LOW-VOLTAGE MPT20 SILICON BILATERAL TRIGGER
— For High Turn-On Stability. Low Power Consumption And Economy!

Motorola’s MPT20 silicon bilateral trigger sets a new level in state-of-the-
art solid-state power control designs.

This unique bi-directional switching device, although priced at just 45¢
(100-up), triggers at breakover voltages of only 20 volts =4 V., allowing “firing”
of thyristors early in their conduction cycle — reducing their power consumption
and assuring reliable performance by minimizing internal heating conditions.
And, the MPT20's high bilateral breakover current of 35 xA (typ.) ensures stable
turn-on with less “jitter” (oscillation at switching point). It also provides lower
sensitivity to transients and improved ability to remain stable even when operat-
ing under high ambient temperature conditions.

The MPT20 can handle peak current pulses of up to 2 amps. Its Annular
die structure and rugged Unibloc plastic package assures reliable, long-term
performance over a wide temperature range of —40 to +100°C.
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MULTI-CELL 1| POWER RECTIFIER BRIDGES
— Offer High-Current. Heavy-Duty "Plug-In™ Convenience

Six new Multi-Cell 1T power rectifier bridges — extensions of the unique,
Motorola-originated, power-device-paralleling concept — completely climinate
guesswork in the troublesome diode-to-heat-sink engineering interface. Each
unit is bus-bar-ready without intermediate heat sinking and/or assembly steps.
Viu range: S0 to 400 V.

1¢ Half Wave Bridge 1 Full Wave Bridge 3¢ Full Wave Bridge
Type Number MR2080HA | MR2100HA | MRA130 MRA160 MRA330 MRA360
Avg. Output Current (lo) 750 A 1,000 A 300 A 600 A 300 A 650 A
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NPN/PNP SILICON DUAL AND QUAD CORE DRIVERS
— Cut Space Requirements In Fast Switching and Driver Circuits

Need maximum component density and minimum lead inductance in your
medium-current high-speed switching and core driver designs? Then. evaluate
Motorola’s latest dual and quad NPN/PNP silicon Annular transistor offerings.
They're available in three case styles: a 6-lead low-profile metal can and the
TO-89. 6-lead ceramic flat pack for the dual types — and, the TO-86, 14-lead
flat pack for the quad devices.

The individual transistors feature exceptionally fast switching character-
istics — even at collector-currents of 500 mA — with high breakdown and low
saturation voltages.

Type Nos. Po BVceo (Min | L, lyp) o typ) tr (typ) Cop (max) Yot

NPN PP | @Ta=25°C | @10mA @500 mA @S0mA/I0Y | @ 10V/100KHz | g co'l s
MD3725 | MD3467 600 mW

(Dual) {Dval) (both sides) 300 MHz 10 pF 0.52v
MDI725F | MD34GTF | 350 W (NPN) (NPt (NPN)

@uad | ©uad | (both sides) b I 206 050V
M03725 | MQ3467 500 mw (PNP) (PNP) (PNP)

(Quad) (Quad} (4 devices)
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HI-REL RamRod ZENER AND TC REFERENCE DIODES
Now Supplicd To Meg-A-Life. JAN. JAN-TX or SIN Spees

There are now four ways to specify 400 mW RamRod glass zener diodes
for your hi-rel applications, among them the advanced Meg-A-Life program
that offers vou a choice of three ascending levels of reliubility. Initial reliability
and test procedures are standard — 1009 processing and electrical tests plus
sample-life and environmental tests. And. fast delivery is virtually guaranteed
from inventory! Units can also be supplied to standard JAN, JAN-TX, SIN
specifications, or other special hi-rel requirements.

[d MEG-A-LIFE Hi-Rel Spec TN4370-72A |IN746.59A | IN76169A | IN962.92A | INB2) 29 | IN3154-57 | IN935B-39B]IN9418-448
WL (Level 11D X X X X X X X
M JAN [ JaN~ X X X X X X X
JANTXS X X X X X X X
M JAN-TX X X

d “Mil-5-19500/1270/117C/156D 157€/158E /159C 185M01308 or 85M01646
51 N For details cirele Reader Service No. 333

MO TOROLA PNP Gi RMANIUM HIGH FRLEQUENCY AMPLIHIER GERMAN'UM HIGH'FREQUENCY AMPLlFIER TRANSISTORS
[eature Both Low Noise and High Power Gain At 450 MHz!

Capitalize on the advantages of low noise igures (2.5 dB) and high power

gain (20 dB). at very high frequencies offered by the MMS5043/44 series.

The use of an advanced “passivated overlay process” — a Motorola break-

through in germanium transistor fabrication — now makes possible smaller

P. SUBSTRA geometries and extends this material’s inherent ability to operate at lower-than-

ever noise figures and higher frequencies. The comprehensive data sheet includes

NF and Gy specs out to 1.0 GHz. Maximum C.. is only 1.0 pF on both units.
They are packaged in TO-72 (shiclded packuage).

£ -PANDED OVLALAY CUNTACT

3
m PASSIVATING OXIDE
C_J

BASE CURTALIS

- Gee @ 450 MHz | NF @ 450 MHz [ - fr @ 3 mA Price
[ Jauovo s Type (min) (max) (maxc) (max) (100-up)
'YP] BAst MM5043 20 dB 2.5 dB 6 ps 3000 MHz $6.50
INTACT MM5044 16 dB 3.5 dB 10 ps 2600 MHz 4.00
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JAN2N3506/7, JAN2N3253, JAN2N3444 NPN SILICON SWITCHES
Now On QPL To MIL-5-19500/347/349 (Navy)

Fast switching at high current levels — fow Cu, and Ve high f+ and
Vero — all this with fast-delivery assured and M1 qualification too!

These popular NPN silicon Annular transistors can now fulfill high-rel
requirements in the mast stringent high-current, high-speed. saturated switching
and core driver applications. Packaged in the TO-5 solid-header metal case,
they dissipate a full 5 watts at 25°C case. and 1.0 watt at 25°C ambient.

Check your local Motorola field representative for prices and delivery

schedules.
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NPN SILICON POWER SWITCHING TRANSISTORS
— Provide An Optimum High-Speed. High-Current Combination

Designers of industrial and military power switching circuits, such as com-
puter hammer drivers, will find this new NPN series of silicon power transistors
a letter-perfect choice for critical high-voltage. high-current, fast switching
requirements. The units operate at up to 80 and 100-volts while delivering high
betas with low saturation voltages at high operating current levels. All this and
yet they are specified with maximum rise and fall times of just 100 ns and
200 ns, respectively, at I = 2.0-Amps.

And, you have a choice of the space saving TO-39 case (Pn» = 6-watts) or
the 35-watt TO-66 package.

ton | Prices (100-up)
(max) | T70-39 | T0-66

T0-39 T0-66 Vcio | lcex @ 25°C | Veegsay @ Ic
Type Type hee @ Ic (sus) (max) ('r.nax)

2N5336 | 2N5427 | 30-120 @ 2 A $ 8.50|% 8.95

2N5337 | 2N5428 | 60240 @ 24 | S0V |10#A@TSV 200ns | 9.60] 10.15

2N5338 | 2N5429 | 30.120 @ 2 A 0.7V@2A '@ 2n [To.20] 10.95

2N5333 | 2N5430 | 60240 @ 2 A | 100V | 10kA @S0V 11.90] 12.50
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HIGH-VOLTAGE, 150-AMP GERMANIUM POWER TRANSISTOR PACKS
— Deliver Up To 120 Volts And Eliminate Paralleling Problems

They're paralleled for high power! That’s what makes these new 60,
90 and 120 V, 150 A germanium power transistor packs champion heavyweight
performers in such applications as inverters, motor speed controls, high wattage
switching circuits and power supplies operating up to 2 kW.

Consisting of three, 60 amp, TO-3 packaged ADE transistors (Motorola
alloy-diffused epitaxial process) which have been closely matched and mounted
on an integral heat-sink, the MP900 series offers a powerhouse of advantages —
such as high beta and low saturation voltage at high current levels, safe operat-
ing areas spec’d at both 50 and 150 amps and fast switching speeds.

Type Vceo fc |hre @ 708 | Vcegat) @ 150A | Switching @ 754 (typ) Po @
No. (sus) | (cont) (min) (max) t t t Tc = 25°C

MPS00 60V

MPSO1 90V | 150A 20 0.5v 25us 5us 15us 250W

MPS02 120V
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MIL-C-81511 SUBMINIATURE CONNECTORS
CINCH-NULINE DELIVERS THEM NOW!

The MIL-C-81511 Astro/348 represent the highest state-of-the-art in round
connectors. They have .085” contact centers with dielectric separation of
.021” (equal to other cennectors with 130" centers). The dielectric has a
one-piece retention system that eliminates metal construction. Other im-
portant features include scoop-proof mating, grounding prior to electrical
contact, removable crimp contacts and extrerie environmental stability.

The complete line includes shell sizes for contact configurations of 4,12, 37
55, and 85 contacts, five receptacle styles and standardized accessories.

For additiona! information contact any Cinch Electronics Group Sales Office

or write to Cinch-Nuline, 1015 S. Sixth Street, Minneapolis, Minnesota, 55415.

MIL-C-26500 Omega Connectors are also available from Cinch-Nuline
on short delivery cycles (generally 6-8 weeks) for any shell style, con-
tact size and insert configuration.

CINCH-NULINE
h:MBER DIVISION O F ULNITED-CARR
i

CONSISTING OF CINCH MANUFACTURING COMPANY: CINCH-GRAPHIK. CINCH-MONADNOCK. CINCH-NULINE. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT

)
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Now...There is a New dc-500 kHz Oscilloscope with all the

step-ahead features of a high frequency instrument!

Hewlett-Packard puts you in the measurement forefront
with this new all-solid-state oscilloscope family—the
new hp 1200 Series Oscilloscope. The 1200 Series
Scopes are new from the inside out—specifically designed
so you get step ahead measurement capabilities in the
dc to 500 kHz frequency range. When you turn one on,
you'll know you are operating a state-of-the-art instrument.

In developing scopes for use in the higher frequencies,
Hewlett-Packard found many features that could be
economically applied to other scopes. These hp 1200
Series Scopes are a direct result of the experience
gained in design and development of the high frequency
hp 180 Series Scopes and plug-ins. Essentially, the
1200 series is designed with the features normally found
in higher frequency scopes—only the bandwidth is
reduced. The result is the first all-new design in a
tower frequency scope in the past decade!

The hp 1200 Scopes are the first to provide all-solid-
state reliability and stability in the dc to 500 kHz range.
Drift has essentially been eliminated by using input
FET's (another first in 500 kHz scopes) to give you
accurate measurements—even in the 100 uV dc area. A
new, specially-designed hp CRT gives you a large 8 x 10
¢m internal graticule CRT for the first time in a low
frequency scope. The compact package (resulting largely
from the shorter tube) and the new modular construction
concept reduce manufacturing costs—the savings are
passed on to you.

Other important, step ahead features include single-
ended or differential input on all ranges, complete
triggering versatility, external horizontal input,
dc-coupled Z-axis, beam finder—all features you
normally find only on high-frequency scopes!

Choose from four models to get single or dual trace
100 uV/cm sensitivity, or single or dual trace 5 mV/cm
sensitivity. The 100 uV scopes have 17 calibrated ranges

in 1-2-5 sequence with vernier for continual adjustment
between ranges. The 5 mV scopes have 12 calibrated
ranges. Here is a complete family of instruments that
match your measurements in the low-cost,
high-performance scope area.

Increase Your Measurement Confidence. In addition to
the reliability you get from all-solid-state components,
you get the reliability and accuracy from direct reading
and interlocking controls on the 1200 series scopes.
These controls have been human engineered so they are
easy to operate, grcuped according to function and
interlocked so they can't let you make an “impossible”
measurement. You know the measurement you're
making is accurate and true!

Speed Your Measurements. The 1200 scopes are easy
to use—they'll help you make your measurements in
less time. You simply connect to the single-ended or
differential inputs; locate elusive, off-the-screen traces
with the convenient beam-finder (the scope’s automatic
triggering displays a baseline starting point—even when
no input signal is present); select the sensitivity setting
you need. Your results are displayed without annoying
flicker or trace jump on the easy-to-read,

parallax-free CRT.

Available as Cabinet or Rack-Mount. Each of the four
models is available as a lightweight (<25 pounds)
cabinet or 5% " high rack mounts. Power consumption is
a cool 33 watts—no noisy fans are needed.

For full specifications on these new dc to 500 kHz

scopes and how they can increase your measurement
confidence and your measurement accuracy, contact your
nearest hp field engineer. Or, write to Hewlett-Packard,
Palo Alto, California 94304.

Europe: 54 Route des Acacias, Geneva.

= =

- Number of
l
= -
- Maximum
Vertical 100 uV/em | 100 uV/cm  § 5 mV/em 5 mV/cm
' Common Mode
Rejection 100 dB 100 dB 50 dB 50 dB
(Differential)
1,X‘-YCI|)_!NW Identical 17 vertical vs.J| Identical 12 vertical vs.
) Amplifiers § 4 horizontal Amplifiers 4 horizontal
w (17 ranges) ranges (12 ranges) ranges
I’ﬁu $990 $790 $875 $715

HEWLETT hp PACKARD

OSCILLOSCOPE SYSTEMS
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Unique Gardner-Denver Grid-Drill

drills electronic circuit boards
at a rate of 130 cycles per minute—at total
positioning accuracies of less than +.0006"

No other production machine drills so many holes so accurately in so short
a time as this new n/c Gardner-Denver Grid-Drill. Perfect for multi-layer
and through-hole plating, for computers of this generation—and the next.

Handles as many as four stacks of panels as large as 15” x 20” each. Drills
hole sizes from .010” to .125”. Fingertip control adjusts spindle speed from
10,000 to 50,000 rpm. Each spindle is programmed for ‘‘use’ or ‘“‘not use,”
allowing the use of one, all, or any combination of spindles for each cycle.
Individual spindles are located in “packages,” the spacing and number of
which are dependent on the type and volume of work. Packages are
customized to your application.

How’s this for accuracy? Table location, over a 20” travel, is accurate
within =.0006". Repeatability of positioning —within .0003". Spindle
runout—within .0005” TIR.

Production rate, including table movement, spindle programming and
drilling, is as high as 130 cycles with each spindle per minute.

Gardner-Denver is also the maker of the famous automatic Wire-Wrap®
machine. Both machines spectacularly increase production—and lower the
cost—of electronic equipment. Call for further information, or write for
Bulletins 14-121 and 15-1.

‘) GARDNER-DENVER

Fince 185> Gardner-Denver Company, Quincy, Illinois 62301
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How to select the best DVM
in the medium price range:

HP 3440 SERIES

FAIRCHILD 7000 SERIE.

TO MEASURE DC VOLTS

price
ranges
overranging
accuracy—

24 hours
3-month stability
noise rejection

$1295
3
5%

05%r. + 01%f.s.
05%

$1275
20%

01% r.+ .01% f.s.
- .

common mode, 60 Hz 30-70dB not specified
normal mode, 60 Hz | 30db 30 dB
input resistance—10-volt range | 10.2 megohms 1000 megohms
|
TO MEASURE MILLIVOLTS [
price $1610 =
accuracy—100 mV 0% r. + .05% f.s. =
3-month stability .05% —
input resistance 10.2 megohms ==
common mode noise rejection 100dB =
autoranging—100 mV to 1000 V (yes)) -
TO MEASURE AC VOLTS (100 kHz)
price $1775 $1725
ranges 3 4
basic accuracy 0% r. £ .02% f.s. 0% r. £ .02% f.s.
auto ranging no yes

common mode noise rejection

notl specified

not specified

TO MEASURE OHMS

price $1525 (incl. $1385
| mV and current)
ranges 5 5
basic accuracy ' 30% r. + 01% f.s. 05% r. + .02% f.s.
max. voltage across unknown 1.0v 1.2v
MULTIMETER CAPABILITY
price - $1895
functions - dc, ac, mV,ohms,
current
source of data catalog—1968 #7000 - 8/67

Circle 40 on reader service card
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NLS X2 SERIES

DANA 4400 SERIES

$1180
3
20%

02% r. + 01% f.s.
not specified

@i

30dB
10 megohms

$1150

20%

(01% . i@
T

$1630 (incl. ohms)
06% r. + .05% f.s.
not specified

100 megohms _
not specifi—éd

no
$1480
4 -
C05% r. + .02% .5 10% r. + .02% f.s.
yes yes

not specified

@rd5>

$1630 (incl. mV)

5
02% r. £ .06% f.s.
16v

$1795 (incl. mV and ac)

5

@: .62§f.s.

1.2v

223

current, ratio -~

$2230

dc,ac,mV,ohms

#002 - 6/67

catalog - 1968

The rest of the series 4400 specs are in sur new brochure along with those
on all the Dana pvM’s. A letterhead request will get you a copy.
Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92664.

DAMNA
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TWO NEW CERAMAG" 90° COLOR
YOKE CORES FROM STACKPOLE

THE COMPACT

(Part No’s 52-437, 52-506)

THE MINI

(Part No's 52-488, 52-489) .

With deflection yoke cores that are 25% smaller, consider the savings in copper, hardware, labor and
shipping costs, too. Both the Compact and Mini yoke cores are moulded from Stackpole’s standard 7B ferrite
material. Even though you benefit from smaller, more compact yoke size and appreciably lower prices,
there is no sacrifice of nickel content with Ceramag” 7B. Curie is 160°C.

= 10°C. For specifications, samples, prices and delivery, call: D. L. ¢ m
Almquist, Electronic Components Division, Stackpole Carbon Company, ELECTRONIC COMPONENTS DIVISION
St. Marys, Pa. 15857. Phone: 814-781-8521. TWX: 510-693-4511. 4

ALSO A LEADER IN THE MANUFACTURE OF QUALITY FIXED COMPOSITION RESISTORS

42 Circle 42 on reader service card Circle 43 on reader service card —>



Is your carbon comp
resistor supplier
ho-hum about
your business?

You'll like the way we document our <
interest. We're one of the few manufacturers .
who will furnish you with written data to prove T &
how our resistors meet the requirements of MIL-R-39008.

We’'ve also insured that our documentation is fallibility-free,

by developing the world’s only on-line computerized

resistor quality control system. Is the reliability of

your present military, aerospace, or industrial resistors

something you have to take onfaith?

Get in touch with us. We can prove what we say,

and we also have bright flexible ideas that will

keep pace with your requirements. So....

Call the passive Innovators
at Airco Speer.

L
@, %

AI RCU SPBBI‘ EIBCTI‘[]HIC BUIﬂPUﬂBmS include Speer resistors, Jeffers JC precision resistors, Jdeffers JXP precision

resistors and networks, Jeffers inductors and capacitors and PEC variable resistors and trimmer potentiometers.
St. Marys. Pa. 15857 . Bradford, Pa. 16701 - DuBois, Pa. 15801 - Toronto 15, Ontario.



930 DTL Problems?

Get 120 Solutions
from Kierulff

Figure it out for yourself.

Nine new 930 DTIL. circuits added to
the 11 already available. Three package
types. Two temperature ranges. Total it
up and you've got 120 different versions
of Texas Instruments” 930 DTL —in-
dustry’s widest selection.

The nine new circuits include tfour

dual flip-flops, two hex inverters and
three fast-rise-time gates. These are

combined with eleven Series 15 930/15
830 circuits previously in the TI line
for a total of 20 device types available.
All are offered in any of three 14-lead
packages: flat pack, dual-in-line plastic
and the new dual-in-line hermetic ce-
ramic. Finally, you have a choice of
two temperature ranges—military or
industrial —for ecach circuit. All cir-
cuits are pin-for-pin and spec-for-spec.

replacements for other 930 DTL. series.

Why shop around for the numbers
you need? Call us for fast delivery of
120 solutions to your DTL circuit
problems.

For your copy of a new specify-
ing guide and interchange-
ability chart, circle 290 l_"f"
on the Reader Service \-@L‘

card.

i€

ELECTRONICS

KIERULFF

A SUBSIDIARY OF DUCOMMUN INCORPORATED

ALBUQUERQUE

6405 Acoma Road. S.E.
Albuquerque. New Mexico 87108
PHOENIX

2633 £. Buckeye Road

Phoenix, Arizona 85034

PALO ALTO

3969 East Bayshore Road

Pato Alto, California 94303
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/ener LIDs

New!
from Semcor...

Silicon Zener Diodes, that
work like chips but handlie
and mount with ease.

the 400 mW LID — 6.8 to 33 volts

o AN
FE——
Vi T‘ l l %RL
1z I

General Electrical Characteristics (@ 25°C):
Maximum Power Dissipation . P, 400 mW
Zener Voltage ... ....... .. V, 6.8 to 33 Volts

Mechanical Characteristics:

Case: 95% Alumina filled ceramic substrate
with epoxy encapsulation

Contacts: 200 ;. inches of gold

Polarity Marking: Dot on cathode end of package

Device may be mounted in any position

Thermal Characteristics:

Storage Temperature . . ... . Ty —65°Cto +150°C
Operating Temperature . . . .. T, —65°Cto +150°C
Thermal Resistance . . ... . .. ¥, 200° C/W

Derating . ... ....... .. ... 5mW/°C

e I* ~ P GOLD

U G ——PLATED
vl 015 . CHeLY LANDS
3 T NOM T — _l__
__.0to 033
- NOM NOM
-.015 ¢
= NOM

COMPONENTS., INC.

[*—.075 2 .003

3540 W. OSBORN RD. / PHOENIX, ARIZONA 85019
PHONE 602-272-7671 / TWX 910-951-1381

SEMCOR DIVISION

“Visit us at WESCON Booths 524 and 525.”
Circle 45 on reader service card
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Resolve 10 Nanosecond Signals Buried In Noise

\P

Complex repetitive wavelorms are accurately resolved to 10 naroseconds and recov-
ered from noise in the new PAR™ High Resolution Boxcar Integrator. The Model
160 achieves signal recovery by lime averaging a small portion of a coherent wave-
form over a large number of repetitions. Because the mean value of the noise ap-
proaches zero when averaged over many repetilions, the averaged output results only
from the coherent content of the sampled portion af the waveform. Ta recover the
entire waveform, the incremental portion being sampled and averaged is either man-
ually or automatically scanned over the period of irterest.

An optional digital storage module is availatle for maintenance of averaging accuracy
in situations where the repetition rate of the investigated pkenomenon is extremely
low or lo serve as an interface to periphera' data pronessing equipment.

Price of the Model 160 Boxcar Integrator is $3,250. For more information or to arrange
a demonstration write Princeton Applied Research Cerporation. P. O. Box 565, Prince-
ton, New fersey 08540 or call 609-924-6835.

A\ PRINCETON APPLIED RESEARCH CORPQORATION
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Avionics

Discretionary LSI. ..

Texas Instruments expects to de-
liver to the Air Force later this year
the first general-purpose airborne
digital computer using discretion-
ary-wired large-scale integrated
arrays.

Tr's Government Products divi-
sion believes the computer will
represent “the first application of
‘true’ LSI arrays,” besides being the
first to use discretionary wiring.

Called the LSI 2502, the machine
uses 34 transistor-transistor logic
bipolar arrays averaging 200 gates
a chip to perform all logic func-
tions. It is a reconfigured version of
a similar TI computer that uscs
TTL IC’s. The IC model averages
three gates per package; discretion-
ary wiring makes possible the 200-
gate array.

Pick a route. While many in the
industry say discretionary wiring
to tie LSI chips together can’t be
used economically, TI is convinced
that this is the best way to go. The
company Dbelieves that discretion-
ary wiring gives greater flexibility
in design, and that computer pro-
graming makes it all possible.

The computer is being designed
under a developmental Air Force
contract. TI intends to use somc
models, however, along with LSI
memory and LSI interfaces, for
computation and processing func-
tions in its solid state MERA (Mole-
cular Electronics for Radar Appli-
cation) radar system now under
devclopment. The two projects are
separate; only by fortunate coi-
cidence can MERA make use of the
computer.

The LSI computer will be com-
posed of a central processing unit,
an input/output unit, and a power
supply. Its main memory outside

-—Circle 46 on reader service card

the computer is a conventional
ferrite-core unit.

CAD. Richard C. Jennings, head
of the TI project, says maximum
usc has been made of computer-
aided logic design. This has in-
cluded logic design verification,
logic implementation, and parti-
tioning (deciding what was to be
put on each chip). “It has been by
far the most automatic design that
we know of,” says Jennings, who
will detail the TI work at the IEEE

Computer Conference this week
in Los Angeles.

The LSI computer will weigh 35
pounds and be 0.37 cubic feet in
size. It will be fast; exccution times
for typical instruction are the same
as in the present machine—a few
microscconds. Over-all capabilitics
of the LSI 2502 will be basically the
same as the IC 2502, because the
cffort has been aimed mainly at
reconfiguring the IC model to LSI
arrays. “We took a known com-
puter design because we wanted to
avoid mistakes inherent in new
designs,” explains Jennings.

The LSI approach does improve
reliability, says Jennings, and he
adds that theoretically the design
should Dbe simplified. Also, he
points out, there can be sizeable

savings in volume.

What goes where? The most
difficult task in designing the LSI
2502 has involved partitioning, says
Jennings. The goal was to average
a gate-to-pin ratio of 2:1. Each
array has 100 input/output pins for
logic signals. Ground rules for
partitioning were based on the
characteristics of the arrays.

In packaging, each array is on a
round chip 14 inches in diameter.
Each chip, in a 2-inch-square-

Complex thought.
Texas Instruments’
new LS| computer
will be delivered to
the Air Force this
year. It's the first
general-purpose
airborne machine to
use discretionary-
wide LSl arrays.

module, is soldered to a multilayer
card that mates to a connector in
an interconnecting mother board.
Etched planes on the mother board
provide low impedance distribu-
tion of +5 volts. Ground com-
ponents are cooled by three finned
cold plates.

... from the outside

A new approach to discretionary
wiring is being tried in a highly
parallel computer. Litton Indus-
trics’ Guidance and Control Sys-
tems division is making the ma-
chine for the Air Force Avionics
Laboratory at Wright-Patterson Air
Force Base.
Litton’s

discretionary  wiring,

47
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unlike that of Texas Instruments
[sec story above], is outside the
large-scale integration wafer. Each
wafer—with 36 arithmetic units,
eight control units, and as many as
100,000 metal-oxide-semiconductor
transistors—is tested through con-
tact pads around its perimeter;
the transistors aren’t tested indi-
vidually. A functional unit that
fails is left out of the wiring
scheme.

The unpackaged wafers are
mounted on one side of an ordi-
nary printed-circunit board. Holes
are drilled through the board to
the pads connected to the good cir-
cuits, which are interconnected on
the wiring side of the board.

Less redundancy. The computer
is designed to perform guidance
and control operations for a mis-
sile. It will sell for less than $2,000
and will be expendable—as all hard-
ware on a missile must be.

Possibly only 90% of the good
cells are in usc at a given time.
Joseph Compeau, a Litton research
head, says the division plans only
1% to 10% redundancy, instead
of the 100% in such programs as
Apollo and the C-5A, in which
therc is a complete standby unit.
And Litton’s cellular redundancy
is in the basic computer package;
an cntire standby isn’t nceded.

Litton is paying the General In-
strument Corp. and American Mi-
crosystems Inc., about $200 for
cach MOS LSI wafer now, but $20
per wafer is the expected cost in
volume production. A 25% vyield
has been projected for the wafers
in the next year. At that level,
Campeau says, the memory will
have 2,000 32-bit words. “But with
our organization,” hc says, “we
could get well over 25 million
words before we exceed the logical
capacity of the design.”

Campeau will discuss details of
the low-cost computer at this
week’s IEEE Computer Conference
in Los Angeles.

Touching down

If the helicopter is to become a
successful mcans of mass trans-
portation, it will have to be ca-
pable of landing in all kinds of

48

On target. Terminal landing radar for VTOL craft will present the pilot with a
head-up display projected from a radar scope. Shown are the runways at
Mercer County Airport, Trenton, N.J., as they appear on the scope.

weather. Bringing this capability a
step closer to reality is the Lock-
heed Electronics Co., which has
developed a terminal-landing sys-
tem that can operate with a 100-
foot ceiling and a 400-foot visual
slant range.

Called Sparr, for self-contained
perspective approach rotor-blade
radar, the system is based on the
rotor-blade radar antenna that the
Plainficld, N.J., firm—a division of
Lockheed Aircraft—has had under
development for the last two years.
Sparr presents a head-up, perspec-
tive display of a landing area, and
cenables the pilot to bring down the
copter safely to an altitude of 100
feet. At this level, the pilot can
complete the landing visually.

Teamwork. Lockheed envisions
Sparr as a backup to such micro-
wave-type instrument landing sys-
tems as Honeywell's C-band, 5
gigahertz simplified tactical ap-
proach and terminal equipment
(State) or Airborne Instruments
Laboratories” Ku-band, 15-Ghz Ad-
vanced Integrated Landing Sys-
tem (Ails). Both State and Ails are
cooperative systems that rely on
signals beamed from the ground.

“Sparr, combined with either of
these two, would be independent,”
says David W. Young, Lockheed’s
program manager. “But Sparr re-
quires only corner reflectors to be
set up in the landing area.”

Whirlymap. Sparr combines the
beams from Ku-band antennas in

the rotor blades—each up to 15 fcet
long—with that of a vertical-slot
antenna on the front of the craft.
The rotor antennas produce a
radar map of the area; the slot
antenna—about 1 inch in diameter
and 40 inches long—provides infor-
mation for glide slopc. A horizon-
tal antenna could also be included
for precise heading data.

Attitude and altitude informa-
tion are combined with range and
azimuth to present a perspective
display on a 5-inch cathode-ray
tube in the cockpit. For the head-
up display, this data is projected
on optical glass.

Lockheed has tested the system
aboard its own Enstrom F-28 and
is currently outfitting a Fairchild-
Hiller helicopter. Eventually, prob-
ably in the 197(0’s, the system will
be improved to the point that it
can be used in zero-zero landings,
says Young. But for now, he points
out, Sparr could be used with fog-
dispersal equipment at the landing
point to give the 100-foot breakout.

Computers

Circular words

A new computer that processes
trainloads of data in many synchro-
nized streams, yet requires a mini-
mum of preparatory cffort by the

Electronics | June 24, 1968
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programer, is being designed at
Bell Telephone TLaboratories in
Whippany. N.J.. for radar signal
processing.

The machine has up to several
thousand identical computing ele-
ments, all executing the same in-
struction sequence in parallel nnder
the direction of a single control
unit. The data layvout is eirenlar—
the most significant bit position
is specified when the data is ad-
dressed—so that data words of dif-
ferent lengths can be packed into
a single computer word and aligned
with one another only when they
are needed for actual computations.
Richard R. Shively and J.H. Hut-
tenhoff will describe the machine
at the 1EEE Computer Conference
in Los Angeles, June 23-27.

Programers have always had to
waste time and memory getting
data words properly lined up with
one another for arithmetic opera-
tions, The development of floating-
point arithmetic for computing ma-
chines was onc of the carly break-
throughs in reducing this “house-
keeping” effort. Circular words re-
duee it further; when a word is
needed from memory, the word ad-
dress, location of the most signifi-
cont bit, and the number of bits in
the word must be specified. The
compnter automatically masks and
scales the data so that only the de-
sired word is obtained from the
memory,

Fetching a word. In the diagram
on the right, nine data words are
shown stored in only four memory
words. The data words are all dif-
ferent lengths, and take up far less
space than if cach data word had a
whole memory word all to itself.
The three steps in fetching a word
from the memory to be added to a
previous result are also shown in
the diagram.

First, word X, is taken from the
memory and placed in register B.
Then the previous result, Xy, in
register A, is moved to the left intil
the binary points in the two regis-
ters are aligned. Finally, the repre-
sentation of N, in register A, is
altered to align the most significant
bits of the two numbers, after which
the addition can take place in the
usunal fashion, All this happens

Electronics | June 24, 1968

antomatically, with no effort by the
programer. Likewise, data stored
in the memory is placed with the
most significant bit in any position
that permits the entire data word
to fit in one memory word.

Besides saving memory  space
and reducing programing effort, the
circular words permit two or more
smallish words to be processed si-
multancously. This is done by
specifying two or more positions as
being most significant for a given
operation, For example, both the
real and imaginary parts of a com-
plex number can be processed at
the same time.

Single pulse. Each computing
clement in the array of thousands
contains an arithimetic unit, a small
circular-word memory, some local
control circuitry, and data-input
logic. The arithmetic unit contains
three 32-bit registers, a stored-carry
register that permits high-speed
multiplication, and a logic configu-
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ration that, with a single pulse,
gates an old number out of a regis-
ter position and gates a new nuinber
in. This logic configuration works
because it’s fabricated on a single
monolithic chip; the signal-propa-
gation variations of discrete com-
ponents  would, however, reduce
reliability,

In its ability to execute an opera-
tion on two or more numbers simul-
tancously, as a result of the circular
data layvout and its use of a stored-
carry register for high-speed multi-
plication, the machine slightly re-
sembles  Shively’s  fast  Fourier
transform  processor, which he

described at last year’s IEEE
Computer Conference [Electronics,
Sept. 4, 1967, p. 40].

All the logic that processes a
single bit in one arithmetic unit fits
on two silicon chips 70 mils square.
Thus the entire 32-bit unit uses 64
of these chips; the local control fits
on four more. The memory is made
of insulated-gate ficld-effect tran-
sistors with 128 bits on a single
chip: 32 chips make up the memory
associated with a single arithmetic
unit. The input logic takes another
64 chips. All 160 chips and their
conncctions fit on a 33-byv-4 inch
ceramic substrate.

Core assault

Random-access memories made of
semiconductors require less power
and arc in some ways more con-
venient to use in computer sys-
tems than ferrite cores. However,
integrated-circuit makers  admit
freely that cores will never be dis-
placed until the IC version can
compete in price. With some large
corc systems costing only a few
cents a bit, that day is still years
away. Yet one large IC maker will
unveil a system built around metal-
oxide-semiconductor devices  this
week, and a small systems house is
already offering an active MOS
memory.

At the IEEE computer conference
in Los Angeles this week, Fair-
child Semiconductor will reveal
details of what it calls a “hybrid
LSI memory” made of stacked
ceramic substrates, each bearing 16
MOS  64-bit memory cells. The
memory  will be described in a
paper by T. Asai, Jack D. Schmidt,
and Joseph H. Friedrich; the hard-
ware itself won’t be available until
the end of the year, and then only
in prototype form.

By twos. Fairchild has actually
been beaten to the marketplace by
American Astrionics Inc., a Palo
Alto, Calif,, company that was
formed only last fall. It offers a
whole family of MOS memories,
hoth active and read-only, but at a
price per bit that makes them
attractive only for special purposes.

There is a tradeoff, a function of
vield, in speed and cost, but AAI
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charges about 90 cents a bit for a
250,000-bit memory operating with
microsccond  cycle  times.  Its
thousand-bit memory, operating
with 200-nanosccond cycle times,
costs $2.50 per bit. Even at that
price AAI will deliver one of its
memories for use in the F-111
simulation program. The Fairchild
memory, which was designed to
use off-the-shelf components, with
low cost the prime design con-
straint, will probably cost about 30
cents a bit.

Still, Benn Anixter, Fairchild’s
IC marketing manager, says that in
two years memories will be the
company’s fastest-growing product
line. Within five years, he says, the
cost of the memory systems should
drop to less than a penny a bit.

All in one. Even now AAI
matches, and Fairchild will un-
doubtedly beat, the cost of the
MOS memory built by the Defense
Systems division of the Bunker-
Ramo Corp. [Electronics, Nov. 13,
1967, p. 138] Organizationally, the
two hybrid systems resemble the

Bunker-Ramo  suitcase memory;
the difference is that where
Bunker-Ramo used individually

packaged chips, Fairchild and AAI
are putting many chips in a pack-
age.

Structurally, the AAI and Fair-
child systems are much alike. Both
use 64-bit memory cells, and some
associated circuitry, on ceramic
substrates. The more substrates,
the larger the memory. The number
of chips per substrate determines
the word length. Fairchild puts 16
chips on a substrate and packages
16 storage substrates and two
driver substrates in a 1,024-word,
16-bit-per-word module that meas-
ures only 1.5 by 1.5 by 2.5 inches.
AAI will put any number of chips
on a substrate, depending on the
word length required by the cus-
tomer. Like Fairchild, it stacks
substrates to increase memory size.

Both memories use face-down
bonding to cut costs. Fairchild uses
flip-chip dice; AAL gets beam-lead
dice from the General Instrument
Corp. (AAI does its own design
work and cuts its own artwork to
make masks. It sends these to GI
for wafer fabrication.)

Cost vs. work. It is in cost and
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performance—as well as availabil-
itv—that the memories differ. AAI’s
memories stem from its work on a
classified contract that required
high data rates and a means of
buffering the data into a computer.
Fairchild’s design was the result
of the company’s SAM (Semi-
conductor Active Memory) project,
and cost was far more important
than performance.

The AAI memory has an ex-
tremely short access time of 20
nanoseconds and a cycle time of
200 nscc. Fairchild’s system has a
cycle time of 300 nsec. In addition
to the MOS chips, Fairchild uses
bipolar x and y selection drivers to
achieve large fanout and to supply
the 18-volt voltage swings neces-
sary to switch the MOS devices
rapidly. The output of the memory
cells is sensed with an off-the-shelf
710 differential amplifier.

Splinter. Anixter says that the
memory to be described in Los
Angeles will be the first of many
products that Fairchild will intro-
duce in the memory arca. The com-
pany recently sold off its memory

Teacher. CBS Laboratories and the
Reading Institute of Washington,
D.C., have developed this $350
programed learning system, the
AVS-10. Video—152 transparencies
—Iline the outer edge of record;
record has 600 lines per inch,
plays at 2214 rpm. Response

is 100 to 7,500 hertz. Slots on the
cartridge operate microswitches to
provide answers to questions.

products department, but the IC
memory is the achicvement of a
task force that was split off from
memory  products and moved to
Fairchild’s R&D laboratory some
time ago.

The packaging technique is a
new direction for Fairchild. In
some respects, the ceramic pack-
age resembles the Microelectronic
Modular Assembly (MEMA) de-
veloped by the Amelco  Semi-
conductor division of Teledyne Inc.
MEMA’s are now made with two-
layer metalization, but the Fair-
child package has a single layer—a
much simpler approach as far as
production is concerned, but one
that made design very tricky.

Oceanography

Going overboard

Scientists, anxious to find out what
goes on under water, and how these
activities are influenced by salinity,
temperature, and pressure, are be-
deviled .by the inaccuracy of pres-
ent systems of measuring such vari-
ables as the depth of deep currents
or underwater waves. Not only that,
but the acquisition and processing
of the data is a slow, painstaking
process.

The depths may lose some of
their murk soon, though. Engincers
at the Electronic Systems division
of Sylvania Electric Products Inc.,
Waltham, Mass., have devised a
computerized setup that not only
upgrades the accuracy of probe
measurements to within less than
a meter, but speeds the processing
of the data.

As part of the Sound Velocity
Profiler System of the Woods Hole
Oceanographic Institute, Woods
Hole, Mass., Sylvania has designed
multiplexing clectronics to get data
from up to cight sensors through a
cable to the surface and has placed
a magnetic tape recorder and a
Hewlett-Packard 2116A general-
purpose digital computer at the
topside end.

Hawaiian test. A version of this
system made almost wholly of in-
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for this operation by 509%.

Done with mirrors. RCA's new printed-circuit board tester borrows a
technique used by astronomers to chart the movement of stars. Stationary
and rotating mirrors superimpose the image of a new board upon the
image of a board of known quality; a defect in the new board appears

as a flicker, The device can inspect every part of the board—holes,

wiring, and components—at each production stage. Used for checking

the number and alignment of holes, the prototype has reduced the time

&

tegrated circuitry will be tested in
August during a cruisc off Hawaii.
The tests will cap almost four years
of work on oceanographic problems
at Sylvania, during which the com-
pany invested about $140,000 of its
own and won an $80,000 contract
from Woods Hole.

Using data from the probe, the
Sylvania system rccalibrates an in-
verted echo sounder each time it
pings. One of the sensors, a sound
velocimeter from the NUS Corp.,,
pings frequently and times the
round trip of these pings from a re-
flector about a foot away from its
transducer. The velocimeter’s out-
put is an f-m signal whose frequency
is proportional to the sound’s veloc-
ity; this signal is sampled and
placed in a time slot along with
other multiplexed sensor readings
and then it is relayed to the sur-
face.

After it’s demultiplexed and digi-
tized, the sound-velocity data is
used by the computer to correct the
coarse readings of package depth
given by the echo sounder.

Choosing sides. According to
Donald E. Meyers, a Sylvania re-
scarch engineer, “The system can
use a plotter to yicld a graph of
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sound velocity versus depth, or tem-
perature versus depth, or a graph
of depth calculated from pressure
scnsors versus depth as calculated
from the corrected echo-sounder
measurcients.” With accurate data
of this type, calculations become
less of a black art and more of a
repeatable process, Meyers says.

One remaining hurdle is that the
computer can take data faster than
the probe can generate it. Many
parties, including the Navy, would
like a faster-working probe; a
specding of the sound-velocity pro-
filing process could be a help in
antisubmarine warfare. If a sub
skipper tried to take advantage of
a cold-water layer to refract sonar
pulses, a sound-velocity profiling
system might be able to compen-
sate for the refraction.

Splash. “Right now, the speed
limit is imposed by sensor and
package design,” says Robert N.
Joel, a senior Sylvania cngineer.
“Hydrodynamic effects cause such
packages to drag water with them
unless  they’re  lowered  slowly.”
Thus it’s possible to mecasure the
same volume of water several times
over again and to miss parameter
changes.

With its feet now wet, Sylvania
plans to undertake experiments in
acoustic oceanographic communi-
cations. An example would be tele-
typewriter or data communications
between underwater stations, a
necessity as men press the explora-
tion of inner space.

Government

Painful surgery ...

To the distress of the generals—and
the aerospace and electronics in-
dustries—the Government’s econ-
omy drive will mean a defense-
spending reduction of close to $3
billion in fiscal 1969. The cuts will
result from President Johnson’s
agreement to a $6 billion slash in
over-all expenditures in return for
cnactment of his 10% income tax
surcharge.

The only thing definite about the
cuts is that they’re certain to come;
Congress must act first on the fiscal
1969 appropriation bill—probably
next month. But you can bet that
defense cuts will occur in programs
not related directly to Vietnam. The
programs most vulnerable to the
budget squeeze are:

* The Sentinel antimissile system

* The Manned Orbiting Labora-
tory (MOL)

* The FB-111

* The Fast Deployment logistics
Ship (FDL) program

= Additional nuclear-powered air-
craft carriers

* Military rescarch and develop-
ment

Other targets for cutting or
stretching out include the Raytheon
Sam-DD Army antiaircraft missile
and the Air Force Maverick air-to-
ground missile, now being com-
peted for by the Hughes Aircraft
Co. and the North American Rock-
well Corp.

Iffy. The biggest program is Sen-
tinel, for which Western Electric
is the prime contractor. As a start
on this controversial $5 billion pro-
gram, the Pentagon originally asked
tor $227 million in fiscal 69 for
construction, $313 million for pro-
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“Gool” Power Rectifiers

A Family of Bridges, Doublers and Center Taps.
Introducing ALPAG “Jr.”

The ALPAC Family is a complete line of silicon
bridges, doublers and center taps. These power
rectifiers offer PIV ratings from 50 to 600 volts,
with an average output current from 5 to 250 amps.

All ALPAC devices offer the superior thermal
characteristics of aluminum cases. TERMINALS ARE
COMPLETELY [INSULATED.

fnternally, all ALPAC units utilize double Tungstaloid
pin rectifiers electrically and thermally bonded
to the terminals. — L —

ALPAC Family is economical, small and easy to mount.

The entire ALPAC Family is field tested and available
for immediate delivery.

San Francisco—941 E.Charleston, Suite 10, Palo Alto, California 94303
(415) 328-8025

Chicaga — 140 N. La Grange Road, La Grange, Illinois 60525

(312) 3%2- 3227 TWX: 910-683-1896

Dallas — 402 Irving Bank Tower, Irving, Texas 75060 / (214) 253-7644
New York — 116-55 Queens Blvd Forest Hills, New York 11375
(212) 263-3115 / TWX: 710-582-2959

Boston — P.0. Box 264, Woburn, Massachusetts 01801

(617) 935-5595

European Sales — Bourns A. G. Alpenstrass 1, Zug, Switzerland

(042) 4 82 72/73
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-
ACTUAL SIZE
d
The smallest silicon bridge rectifier in the family.

Measuring only .750” square and .225" high
These dzvices are ideally suited to control
circuits, converters, power supplies, etc.

ALPAC _r. offers PIV ratings of 50 to 600 volts
with an average output current of 5 amps. Thermal
resistance is 5°C/watt, maximum.

/) SEMTECH

CORPORATION

652 Mitchell Road, Newbury Park, California 91320
(8059 49B-2111, (213) 628-5392 / TWX: 910-336-1264
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curement, and $313 million for fur-
ther development. Defense officials
now are considering a stretchout,
but some Congressmen will try to
cancel the program altogether.

But even if Sentinel funding sur-
vives Congressional opposition, the
Pentagon is prepared to delay the
program on its own for economy’s
sake. One argument for doing so:
the Chinese intercontinental mis-
sile program to which Sentinel is
keved has fallen behind the sched-
nle predicted by U.S. intelligence
agencies.

The MOI. program, on which
General Electrie, McDonnell Doug-
las, and Martin Marietta are major
contractors, is also sure to feel the
ax. This $2.2 billion program to
explore  militarv  applications  of
manned spaceflight would get 3600
million in fiscal ’69. Again, the
Pentagon is considering a stretch-
ont onlv, but many Congressmen
are asking the old question: Doesn’t
MOL duplicate the Anollo program?
They feel the two shonld at least be
consolidated.

By the wavside. The General Dy-
namics FB-111 long-range strategic-
bomber version of the controversial
F-111 fichter-homber is ticketed for
$18 million in fiscal ’69, with grow-
ing amounts later. But there is some
fecling that the whole FB-111 proj-
ect, conceived as a transition from
the B-52 to the proposed Advanced
Manned Strategic Aireraft, might
be skipped entirely.

The first four of Litton Indus-
tries” FDL ships were set for $184
million in the original 69 budeet.
Eventually, this would he a $1.4
billion program. Like last vear—
when Congress eliminated the pro-
gram—there is strong opposition in
Congress, so that the program may
be knocked out cven before the
Pentagon decides whether to move
more slowlv. However, Litton {s
ooing ahead with what it calls an
automated shipvard in Mississippi,
where the FDL ships would be
built,

Handy. Critics of new American
military adventures abroad say the
FDI., a kind of floating warchousc
loaded with  Army eanipment,
would increase the probability of
U.S. intervention in future trouble
spots. But the Pentagon savs the
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FDL, used with the giant new Lock-
heed C-5A transport, would so im-
prove strategic mobility that many
American  troops now  stationed
abroad could be brought home.

Two nuclear-powered aircraft
carriers arce being built. The ’69
budget contains $83 million toward
two additional ships, with a big
bulge in funding to come in fiscal
1970.

Second thought. There is also a
strong possibility that Congress will
reduce the $300 million it planned
to spend at nonprofit “think tanks.”
Probably due for cutting are “so-
cial sciences” contracts, which have
come under criticism by Sen. TV,
Fulbright (D.. Ark.), and research
carried out at foreign universities.
There has been sharp criticism of
such Pentagon-financed research in
Tapan and Sweden, which, the cri-
tics say, is supposed to be non-
alined.

The economy wave won’t affect
the $3.9 hillion supplemental bud-
get for Vietnam that was recently
submitted to Congress. Most of the
spending imnact of that will come
in fiscal ’69. principally for procure-
ment of helicopters and equinment
for modernizing the South Vietna-
mese Army.

... means less space

There was a time when astronauts
dined at the White House and the
eves of the nation scanned the
cvening sky for satellites. Tt was
also a time when Congress gave
NASA sums as much as 36 billion
or more a year to get the nation in-
to space.

As with other national moods.
the one that got the U. S. into space
is changing, and nowhere was that
more evident than on the floor of
the Senate carlier this month. An
already austere Administration
fiscal 1969 budget request came
within a hairsbreadth of being
trimmed by a billion dollars—the
vote was 36-33. There have been
major assaults on the NASA budget
before, but never has one come so
close to a massive slice or rallied
such an army of Senators behind
it. Several of those favoring the cut
came from states rich in space con-

tracts. and others, such as Sen.
Dirksen (R.. TI1) and Russell (D.,
Ga.). a member of the Committee
on  Acronautical and  Space
Sciences  and  chairman  of the
Armed Services Committec, were
also surprise backers of the budget
cut.

War goes on. The amendment
that would have cut so severely
was introduced and engineered by
long-time  space  critic William
Proxmire (D.. Wis.), who is not yet
throngh with the fiscal 1969 space
budget. Proxmire, who will lead
the fight again when the budget
comes up for appropriation, serves
on the Scenate Appropriations Com-
mittee. He will try again there and
continue trying, if necessary, when
the appropriation goes to the
Senate floor. One of Proxmire’s
aides points out that even if the
Scnator isn’t  successful, both
houses are expected to take a much
closer look at NASA requests in the
appropriation round.

As it stands now, the Scnate
authorization rests at $4.013 billion
and the House authorization at
$4.031 billion; the President asked
for $4.370 billion. In all cases but
one the Senate has authorized line
items cqual to or less than the
House action; at the last moment,
the Senate decided to authorize $55
million for the nuclear rockets line
item.

Speculators. The only thing left
to decide in House-Senate confer-
ence, then, is whether to go ahead
with the Nerva nuclear engine
program, which the House just
about eliminated. Both houses are
agrecd upon a figure of $253.2 mil-
lion for Apollo Applications Pro-
grams, a far cry from the $439.6
million requested by the Adminis-
tration.

Military electronics

On the flight line, but . . .

Although the word out of Washing-
ton is that the long-delayed 4111
airborne warning and control sys-
tem (Awacs) will move to the con-
tract-definition stage this summer,
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NEW

Tektronix
50-ps

Sampling
Oscilloscope

The Tektronix Type 561A Oscilloscope with the Type
3T2 Random Sampling Sweep and Type 3S2 Dual-Trace
Sampling Unit provides new convenience when making
fast pulse measurements. Random sampling permits
triggering before or after the displayed pulse, eliminat-
ing the need for delay lines or a pretrigger.

The new Type 3S2 Dual-Trace Sampling Unit with plug-
in Sampling Heads lets you change your measurement
capabilities to meet your changing measurement needs.
Two sampling heads are presently available: the Type
S-2 features a 50-ps risetime and the Type S-1 fea-
tures lower noise with a 350-ps risetime. Any combina-
tion of two Sampling Heads provides dual-channel
operation in the Type 3S2. The Sampling Heads have
a 50-0 input with an internal trigger pick-off and a
2mV/div to 200 mV/div calibrated deflection factor.
Sampling Heads can be plugged into the Type 352 or
attached by a 3 foot or 6 foot cable for remote use. An
interchannel delay control compensates for signal
cables or other external delays.

The Type 3T2 Random Sampling Sweep provides all
the measurement capabilities of a conventional (se-
quential) sampling sweep, plus it features the added

Tektronix, Inc.
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advantage of random sampling operation. When used
in the random sampling mode, the triggering event may
be displayed on screen without the use of delay lines
or a pretrigger. The Type 3T2 has a calibrated sweep
range from 100 ;.s/div to 200 ps/div extending to 20
ps/div with the X10 magnifier.

The Type 561A Oscilloscope has an 8 by 10 cm CRT
with an illuminated internal graticule. In addition to
the sampling plug-in units described, the Type 561A
offers a wide range of measurement capabilities with
10 MHz Multi-Trace Plug-ins, 10 .V/div Differential
Plug-ins and Spectrum Analyzer Plug-ins covering the
spectrum from 50 Hz to 36 MHz. The Type 564 Storage
Oscilloscope uses the same plug-in units and offers
the added advantage of split-screen storage.

Type 561A Oscilloscope ................ovvneivnn $ 530
Type 564 Split-Screen Storage Oscilloscope ....... $ 925
Type 3T2 Random Sampling Sweep ................ $ 990
Type 3S2 Dual-Trace Sampling Unit ................ $ 800
Type S-1 350-ps Sampling Head .................. $ 250
Type S-2 50-ps Sampling Head .................. $ 300
Scope-Mobile* Cart, Model 201-2 ................ $ 135

U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration, contact your
nearby Tektronix field engineer or write:
Tektronix, Inc., P. O. Box 500,
Beaverton, Oregon 97005
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By George...
Captor sure
makes small
EMC Filters!

Captor subminiature EMC filters
are the industry’s smallest . . . 25%
to 37% more compact than other
popular miniatures, Volumes and
weights are correspondingly re-
duced . .. as light as 4.9 grams for
many units. Captor EMC filters
maintain high published perform-
ance over full temperature range to
125 C. Their performance is equal
to or better than the competition’s,
yet they truthfully cost less! Let
Captor bid on your next EMC filter
or filter assembly requirement, by
George! Write for Catalog F-104
and prices today.

Captor Corporation manufactures
miniature filters . . . communica-
tions and security filters...custom-
design filters, and other electronic
components.

CORPORATION

APPLICATION ENGINEERING DEPT.

5040 Dixie Highway, Tipp City, Ohio 45371
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there is a growing concern among
electronics firms as to whether the
program is ready for this phase.

Part of the problem stems from
the controversy over who should
integrate an aircraft system that
has a major electronics subsystem—
airframe makers or electronics com-
panies? Electronics will account for
at least 80% of the $25 million cost
of cach Awacs craft.

At least one company would use
the extra time and money to test
additional functions for the radar.
The company wants more data for
verification and confidence in the
new radar.

One major part of a new test
would be to try to get as much of a
“single-thread system” together as
possible; the radar, a computer, and
displays would be an integral sub-
system. The overland radar tests
proved that aircraft could be de-
tected in a high-clutter environ-
ment. But they weren’t real sys-
tems tests: a 20-year-old plan-posi-
tion-indicator scope was used in
one test for the display, for ex-
ample.

Difficult task. “It’s a real prob-
lem—and a touchy one—of whether
Awacs is ready to go to contract
definition,” says one engineer closc
to the program. “It’s a very difficult
interface problem,” he adds, in
marrying the hardware and soft-
ware for the radar, communications,
and command and control.

Though an electronics company
won’t be the Awacs prime, one top
company official says “at least ma-
jor subsystems should be procured
as group rather than collect them
as separate black boxes.” But he’s
not even sure this will happen. He
predicts major problems if an air-
frame company integrates the elec-
tronics subsystems. These are
things that should be decided now,
he insists, “rather than have us just
stumble through the program like
we have with earlier systems.”

Competing to build the commu-
nications, and the command and
control subsystems are two com-
pany teams, onc headed by Litton
Industries Inc., and the other by
the International Business Ma-
chines Corp. McDonnell Douglas
is understood to be working with
Litton as a possible systems inte-

grator. Boeing, however. apparently
is still undecided.

Shares. But when a go-ahead to
contract definition is given, prob-
ably in early September, the money
will then go to both the Boeing Co.
and to McDonnell Douglas. If
the Pentagon can persuade Con-
gress to take the next step—devel-
oping a prototype aircraft system—
then one of two airframe manufac-
turers will probably get the job. The
winner will also select the firm to
build the overland radar, the key
to the entire mission.

Following overland radar tests
carried out over the last year or so,
the Pentagon said that two of the
systems—believed to be those of
Hughes Aircraft Co. and the West-
inghouse Electric Corp.—“look ex-
tremely promising.” Hughes is
working with a C-band doppler
radar operating with a medium-
pulse repetition frequency. West-
inghouse’s system is an S-band
doppler radar with a high-pulse
repetition frequency.

There is some controversy—
within both industry and the mili-
tary—over whether additional radar
testing is necessary, and additional
funding is yet to be authorized. But
if it is, all three radar contractors
(the Raytheon Co. has an S-band
set with a low-pulse repetition fre-
quency) would get more money.
Chances appear good that more
money is in the offing.

Cloudy skies. Even with Penta-
gon approval of contract definition,
Awacs still has another hurdle to
clear. The Senate Armed Services
Committee has serious doubts
about the need for defense against
enemy bombers. In a report author-
izing appropriations for fiscal 1969,
the committee said bluntly: “Until
there is some indication of an added
threat to the U.S. from bombers,
the committee is unconvinced that
the U.S. should embark on a new
bomber-defense system.”

The Awacs program also would
include interceptors. Originally, the
interceptors were slated to be modi-
fied F-106’s. But the Senate com-
mittee questioned the use of an
aircraft “as old as the F-106” and
turned down the Air Force request
for $28 million for research and de-
velopment work on this modifica-
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The world’s smallest 10 watt zener
has a 350 watt surge capacity... >

600% more than an ordinary one,
35% more than a 50 watt.
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1/5th the weight, 1/4th the volume of a conventional
10 watt (smaller than an ordinary 400 milliwatt).

» 1/10th the weight, 1/20th the volume of a
conventional 50 watt

= 10 watt continuous rating — stud mounting

m 6 watt leaded version for mounting on circuit
boards, has same high surge capacity

= 6.8 to 100 volt range
s Low leakage current

» Electrical characteristics remain stable throughout
life, exceeding the environmental requirements of

MIL-S-19500
®
580 Pleasant St., Watertown, Mass 02172, (617) 926-0404
S THE UNIQUE UNITRODE CONSTRUCTION
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coefficient, the
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Get yourself a complete set of specs that give you all kinds !
of detailed information. Circle the reply card number now. =

Electronics | June 24, 1968 Circle 57 on reader service card

57



Precision
plotting.

That’s what our new Micro/Plotter
coordinatograph offers you—precision
plotting to =.001 inch.

Now you can produce highly accurate
master layouts for printed circuits,
optical resolution targets, maps, charts,
graphs, and tool templates.

Micro/Plotter features rack and
pinion motion, ultra-flat work surface,
and abscissa rail pivots. And it's
available with a special hardwood or
backlighted translucent glass top—
rectangular or rqtary. An optical elec-
tronic digital display unit eliminates
scale dials and tapes, increases
operating speed and efficiency. And a
new electrostatic top prevents
movement of drafting films, minimizes
air pockets, and improves accuracy.

MICRO < PLOTTER

Write today for complete information.
Consul & Mutoh, Ltd., 519 Davis St.,
Evanston, lliinois 60201

Eastern Regional Office: 7601 Castor Ave.
Philadelphia, Pa. 19152

VMIUTOH

MICRO FPLOTTER
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tion. This action has dimmed the
prospects for Awacs.

There is about $70 million ear-
marked in the fiscal 1969 budget to
get the program under way, but
this was based on going ahead with
the prototype aircraft. But now,
there will be a big cut in Awacs
money.

Consumer electronics

Sour notes

Shottky-barrier diode mixers have
a high dynamic range and low
noisc figures. Over the years, hi-fi
makers have considered them for
the front ends of f-m stereo re-
ceivers. However, most have becn
content with metal-oxide-silicon
field-effect transistors; they gener-
ally discontinued their work on
diode mixer circuits. There was an
exception: the Marantz Co. [Elec-
tronics, June 26, 1967, p. 47]. When
the company unveiled its Model 18
receiver at the High Fidelity Show
in New York last year rival set
producers as well as hi-fi buffs sat
up and noticed.

But something happened. Sales
fell off as hi-fi critics zeroed in on
performance features. Last week,
Marantz was producing only 10
sets a day, down from the 40-a-day
pace maintained for several months.
And, as is customary, rival pro-
ducers bought units for laboratory
examination. “We were disappoint-
ed in the performance figures we
got,” says the chief engineer of
one.

Disagreement. A former Marantz
engineer who worked on the Model
18 says the problems are essen-
tially those of production, not en-
gineering. Most of the sets being
produced are reworks from field
rejects. But another engineer, who
left Marantz within recent weeks,
disagrecs. He attributes the prob-
lems to poor design. Whatever the
reason, there’s general agreement
that the Model 18 suffers from
drifts due to poor temperature
compensation, spurious responses
in the front end, poor sensitivity—
measured sensitivity is said to

be 3.5 microvolts—and a high cap-
ture ratio: about 6 decibles.

It’s known that the Model 18 has
undergone secveral design changes
since its introduction. The latest
has been by a team of engineers
brought in from the Pilot Radio
Corp. within the last three months.
But Flavio Branco, Marantz’s gen-
eral manager, denies there’s any-
thing wrong with the Model 18.
“It’s all rumor,” he says.

For the record

Shrinkage. A 1,400-volt silicon
power transistor for the horizontal
deflection circuitry in color televi-
sion sets, one of seven new prod-
ucts unveiled by Motorola’s Semi-
conductor Products division last
week, promises to eliminate, or
greatly reduce the size of power-
supply transformers in the re-
ceivers. Most solid state color sets
now use two 700-volt transistors in
this application. The plastic-pack-
aged device is designated the
MJES401. Thus Motorola joins Am-
perex, Delco, Matsushita, and To-
shiba in this new market. [For more
information about this area, see
page 104.]

SST multiplexing. As expected,
the Autonetics division of the North
American Rockwell Corp. and the
Hamilton Standard division of the
United Aircraft Corp. have been
awarded parallel $250,000 contracts
to study and define a general-pur-
pose multiplexing system for the
supersonic transport to be built by
the Boeing Co. [Electronics, June
10, p. 25]. The companies will de-
fine system requirements, evaluate
components through the fabrication
and test stages, and do initial de-
signs to estimate system weight
and performance. Four independ-
ent multiplexing systems—eliminat-
ing the need for 1,000 to 1,500
pounds of hard wiring—will each
monitor about 600 subsystem chan-
nels of information.

Hitting the road. Last month,
IBM delivered to Ft. Hood, Texas,
the first of five Combat Service
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The PINpickings
are goo

Microwave Associates offers the broadest line of PIN diodes in the
industry, not only for high power, and not only at microwave frequencies,
but right across the spectrum. The diodes are offered in a wide choice of case
configurations, backed by production capacity second to none.

For control, switching, limiting, duplexing, phase-shifting, attenuating, modulating and
pulse-forming.
Save this chart. Itisn’t complete, of course. A full catalog and application data
sheets are available on request, But if your applications are low or medium
power at any frequency, the chart covers many typical diodes that are immediately available.

r-------------

Max. Max. Max. Min.
Model Case Total Series Therm  Break- Peak Switching Unit
Number Style  Capac. Resist.? Resist. down Power Time Price
pF C/W Volt W ns 1-9
\/8

I MA-47027 30 0.4 @ —50V 1.2 25 00 1000 50 to 200 $30.00 I
MA-47028 30 06 @ —50V 1.0 20 300 1000 50 to 200 30.00

I MA-47030 30 06 @ —50V 1.0 20 200 1000 50 to 200 25.00 I
MA-47032 30 04 @ —50V 0.8 25 300 300 30to 100 35.00
MA-47033 30 0.45 @ —50V 0.7 20 300 300 30 to 100 35.00

I MA-47034 30 0.35 @ —50V 1.0 30 150 300 30 to 100 20.00 I
MA-47036 30 0.45 @ —50V 0.7 20 150 300 . 30to 100 30.00

l MA-47037 30 0.3 @ —30V 2.5 80 150 G0 ‘ 1010 30 22.00 I
MA-47038 30 0.4 @ —30V 2.0 60 150 €0 101030 22.00
MA-47039 30 0.3 @ —30V 2.5¢ 8 75 60 1010 30 19.00

l MA-47040 30 04 @ —30V 2.0 60 75 60 1010 30 19.00 I
MA-47041 54 0.1 @ --30V 2.5° 500 150 10 10 17.00
MA-47042 54 0.2 @ —30v 2.0 500 150 10 10 15.50
MA-47043 54 0.3 @ —30v 1.5* 500 150 10 10 14.25
MA-47044 54 0.1 @ —30V 2.5* 500 75 10 10 15.50
MA-47045 54 0.2 @ —30V 2.0* 500 75 10 10 14.25
MA-47046 54 03 @ —30V 15* 500 75 10 10 13.00

I MA-47047 54 03 @ —50V 15 500 100 10 200 5.50 I

1f=1MH; 2f=500MH; 3 If = 100mA
I 4 |f =30mA 5 if = 50mA 6 Breakdown voltage at Iz = 10uA I

MICROWAVE ASSOCIATES
Burlington, Massachusetts

Offices: Northwest Industrial Park, Burlington. Mass.

3605 Long Beach Blvd., Long Beach, Cal.
Subsidiaries: Microwave Associates (West) Inc., Sunnyvale. Cal.
Microwave Associates, Ltd., Luton, Beds, England.

g
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WETE [urning The
Pot Industry
Dnls
Ear!

NOW, & 10-Turn, Precigion Wirewound

PIXIEROT.

FOR AS LOW AS

$3.97..

That's right! The Duncan Model 3253
“PIXIEPOT" potentiometer is yours for as
low as $3.97 each in production quantities
and only $5.95 each for 1-24 units. Match
the following “"PIXIEPOT"’ features with
any other similar pot on the market.

« Length: ONLY %" DUNGC :
* Diameter: ONLY 74 electronics 8 L4 *
* Linearity: £0.259% costamem

* Resistance Range: 100 ohms to 100K ohms
° Power Rating: 2 watts @ +20°C

* Temperature Range: —25°C to +85°C

* Resolution: Better than ANY wirewound pot TWICE its size!
» Slotted Stainless Steel Shaft

SHOWN ACTUAL SIZE

A Duncan “"PIXIEPOT" can save you dollars on
your instrument and system requirements. If you
want to know just how many, call or write us
today. The full story on the ""PIXIEPOT" will be
in the mail to you within 24 hours.

IS e

DUNCAN electronics, inc.

A DIVISION OF SYSTRON-DONNER CORPORATION
2865 FAIRVIEW ROAD., COSTA MESA, CALIFORNIA 92626
Phone: (714) 545-8261
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Support Systems it is building for
the Army. The gear, installed in
trucks, is designed to give field
commanders instant access to such
data as troop strength, spare parts
availability, and equipment status.
The CS3 is the first operational por-
tion of the Adsaf—Automatic Data
Systems within the Army in the
Field—program. IBM’s initial con-
tract is worth $5 million, but some
observers think the company may
eventually win as much as $100
million worth of orders for CS3.

Phase two. The National Library
of Medicine’s already advanced au-
tomated information and retrieval
system, called Medlars for medical
literature analysis and retrieval,
will be upgraded and expanded to
integrate and automate all the func-
tions of the library [Electronics,
March 18, p. 70]. The new system,
Medlars 2, will use an IBM 360/50
computer. The Computer Sciences
Corp. has been awarded a $2 mil-
lion contract to integrate and pro-
vide software for the new system,

The job is expected to be com-
pleted in 1971,

FCC gets CATV. The Supreme
Court has cleared the air once and
for all and decided that the FCC
does indeed have jurisdiction over
community antenna television sys-
tems. In a unanimous—and ex-
pected—decision, the court agreed
with the FCC’s contention that
CATV, rather then being a means
of improving tv reception, is an
integral part of the entire broad-
casting picture.

Fix it fast. Sylvania Electric
Products Inc. has developed a mod-
ule tester—designated the MK-994
—that will help speed repairs on
aircraft navigation and radio equip-
ment. The Army Electronics Com-
mand has ordered 400 as part of a
$25 million contract, awarded in
1966 as the Army’s first total pack-
age procurement. Also called for by
the contract, and already in pro-
duction, arc 2,737 vhf a-m radios;
2,367 vhf f-m radios, uhf a-m ra-
dios, and automatic direction find-
ers; 4,374 communications controls;
and 1,967 f-m communications an-
tennas and homing antennas.
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Most important advancement in stereo-zoom microscapy in a decade.

7o ALL NEW Bausch & Lomb
LE), STEREOZOOM 7
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STEREOZOOM 7

New from Bausch & Lombh

The world's acknowledged originator and leader in
stereo-zoom microscopy brings you a powerhouse of
unequalled performance . . . StereoZoom 7, just added
to the already successful line of Bausch & Lomb
stereos.

LET US DEMONSTRATE
THESE LEADING FACTORS
IN NEW SEE-POWER

® Widest zoom range
® Clearest viewing
® Highest magnification

® Proven reliability . . .
designed by the 10-year
innovator and leader
in stereomicroscopes

Zoom Range—1X to 7X, infinitely variable, choose the
just right power to see your work best.

Magnification Range—5X to 280X, all you need for
viewing of micro-size detail.

Resolution—Up to 809, more numerical aperture (N.A.)
gives you the highest resolving power over this wide
range of magnification with maximuin depth of field.

Working Distance—3” (without attachment lenses)
optimum for macro to micro objects.

Image Brightness—High level brilliance at all powers,
even at the upper limits of the zoom range.

Photomicrography—Simultaneous viewing and expo-
sure with integra! camera attachment for 35mm, 4" x
5", Polaroid* Cameras, and standard eyepiece cam-
eras.

Versatility—Fits any standard StereoZoom stand and
accepts all StereoZoom illuminators.

Why not let us bring you a StereoZoom 7 to try out.
That’s the only way to judge its performance. Write for
catalog 31-2185 and our free demonstration offer.
Bausch & Lomb, Scientific Instrument Division, 61404
Bausch Street, Rochester, New York 14602.

‘Trademark, Polaroid Corporation

BAUSCH & LOMB (§)

SCIENTIFIC INSTRUMENT DIVISION
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Better circuit testing requires better pulse generators.

Better check these out.

The Hewlett-Packard 8002A and
the Model 8003A Pulse Genera-
tors offer you new and improved
control over your input pulses for
testing circuits under actual op-
erating conditions. With clean,
well-controlled and clear geom-
etry pulses, you now have a ver-
satile way to analyze circuit out-
puts without being restricted by
the limitations of the pulse gen-
erator itself.

The 8002A Pulse Generator gives
you excellent control of your

Electronics | June 24, 1968

pulses, with rise and fall inde-
pendently controllable by means
of a vernier. Variable rise and fall
times, 10 nsec to 2 sec, and rise/
fall, fall/rise ratios up to 30:1.
Repetition rate is 0.3 Hz to 10
MHz. 50 ohm source impedance,
even during transitions; reflec-
tions are minimized. Price: $700.

For the best pulses and greatest
versatility for your money, the
8003A Programmable Pulse Gen-
erator is your best buy. Here you
get simultaneous positive and
negative outputs, 5 nsec rise time,
pulse width of 30 nsec to 3 sec

HEWLETT jhp, PACKARD

PULSE GENERATORS

and a 10 MHz repetition rate.
Great for fast switching applica-
tions, wide frequency testing ca-
pability of the 8003A also makes
it ideal for testing analog devices
such as wideband amplifiers, fil-
ters and other linear circuits.
Price: $470.

If you've been searching for a
better way to test circuits, a way
to get better, more accurate re-
sults, get complete details on
these two pulsers by calling your
local HP field engineer. Or write
Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des
Acacias, Geneva.
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FAST MEMORY TESTING
PICOSECOND TIMING
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Voltage Discriminators Settable To =1 mV in 1000 mV

Timing Resolution Better Than 50 Picoseconds

Time To Amplitude Conversion In The Picosecond Resolution Region
Decade Amplifiers DC to 200 MHz

System Stability: 100 Psec/24 Hours

Outputs Compatible With Computers And ADC’s

The Nanologic 150 System makes possible auto-
matic measurement and analysis of transient or
recurring signals. These measurements and anal-
yses can be made at input rates to 200 MHz, with
input pulse widths as narrow as 2 ns, signal am-
plitudes in the millivolt region and rise times of
less than 1 ns. Such measurements were previous-
ly possible only through painstaking, expensive and
less accurate visual techniques.

The System’s modular form permits exactly the
operational configuration required for such appli-
cations as thin film or plated wire sense analysis,
semi-conductor switching time measurements and
transient pulse identification and analysis. Modules
presently available include voltage sensitive dis-
criminators, logic units, amplifiers, linear gates,

CHRONETICS
U.S.A.:

sample and hold units, time to amplitude convert-
ers and input/output interconnecting interfaces.

And Nanologic 150 is a proven system. In varied
configurations it is in use at most major accelera-
tors conducting experiments in high energy phys-
ics; Chronetics has long been the leader in such
nuclear instrumentation.

Nanologic is supported by a world-wide network of
Sales/Engineering offices. An exceptionally com-
petent Applications Engineering Staff is available
to assist you in determining the optimum Nanolo-
gic 150 System for your application. For assist-
ance, technical data and/or a prompt demonstra-
tion, please write or call.

500 Nuber Avenue, Mt. Vernon, New York (914) 699-4400 TWX 7105600014

Europe: 39 Rue Rothschild, Geneva, Switzerland (022)31 81 80 TELEX 22266
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whatever direction Packaging— Advarced manufacturing capability covers virtually

. every type and 2vory conﬁgux ation of resistive and ‘or capacitive

X VOUI' dBSlgn takes. .. networks—single or dual in-linz, as well as flat-packs, with or
4 without hermetic seal ng.

i _AI I e n = B ra d I ey Characteristics— “xc'usive and patented formulaticns enab.le A-B

to provide resistance values fronr 1 ohi to 5.0 megohm. Ratings to

fh i ck fi I m n etwo rks 20 watts/in? at 85°C. Capacitance valu.cs from 1.0 pfd to 0.5 n fd

with voltage ratiags to 50 volis. Applications indude precision

mtl p U t W u tuned circuits.

Performance—Siancard resistance tolerance 10%. For critical

_out front "n * circuitry, tolerances to "0.193 can be furnished —with resistances

and TC’s matcaec. Temperatu-e coeflicient less chan 250 ppmn in

\ JL ; all cases. Special .mits to 100 ppm or less. Load life stability of 1%

‘_ . in 10,000 hours can be achicved.

- Reliabilitv— Allen-Bradley nas precise control over all

’. raw 1aaterizls and manufactares all basic components—

glasscs, organic materiais, and substrates. Special
machines—designed and built by A-E—assure uniform
product quality—at a competitive price.

T:ming —A'len-Bradley has unique in-plant
ceramic facilities. Prototype networks—with
or without holes—can be prepared to meet
your specific needs. Quickiy. Economicaily.

For morc details, write Henry . Rosenkranz,

_ Allen-Bradley Co. 1315 S. First St.,, Milwaukee,

Wis. 533202. In Canada: A]len Bradley

Canada Ltd. Esport Office: 630

= Third Ave, New York, N. Y.,

a U.S.A. 100617.

V-~

ALLEN BRADLEY

b CUALITY ELECTRONIC COMPONENTS
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FET hybrid test:
500,000 hours
without a failure
and still going strong

Philbrick/Nexus mounted fifty Q25AH op amps on a
long-term test rack a year ago. Since that time, at 25°C, not a
single operational amplifier failed or drifted as much as =72 MV.

The Q25AH FET hybrid exhibits in its microminiature size:
high-speed operation, very high input impedance, extremely
small current offset, low noise and wide-range operating
voltages on both input and output signals. It is completely
immune to all forms and combinations of external

circuit or signal stresses. Available in a low-profile TO-8 can.
For higher output current, voltage and power than you

get from monolithics, design the Q25AH into your circuits
for trouble-free operation. For performance requiring the
addition of high common mode rejection, specify the
Philbrick/Nexus Q85AH. Contact your Philbrick/Nexus

sales representative for complete details and specifications.
Or write, Philbrick/Nexus Research, 22 Allied Drive

at Route 128, Dedham, Mass. 02026.

Philbrick/Nexus welcomes technical employment inquiries.

&?%‘ PHILBRICK/NEXUS RESEARCH

A TELEDYNE COMPANY
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The advanced capabiliti
developed from vears Qf m
facturing Allen-Bradley Metal-G
resistors—are now applied to a news
line of resistor netwarks. This technole
vV \/ enables the production of complex resist.ve

networks on a sinzle substrate.

Allcn-Bradley s ¢xclusive simultaneous deposition
\ / od..is. used to obtain the best resistance tolerance
vV ani temperature coeflicient matching. The rellabllnty of
interconnections on the common resistance plane 1s incom-
/ \/ par able. Uniformity and quality are inherent in A-B networks.
To' 1llustrdtc 2 PPM temperature tracking is normal.

A-B Metal-Grid networks offer a wide range of values—witk ..

\/\\ /Pﬂdl\ldual resistances as low as 25 ohms and as high as 2.0

uu.golnns Both the inductance and capacitance are low, per- |
mitting efficient operation at high frecuencies.

A-B engineers will be pleased to cooperate in developing'?let
works for your specific need. For additional details, please write t
Henry G. Rosenkranz, Allen-Bradley ‘Co., 1315 S. First Street, Mi

+. waukee, Wisconsin 53204. In Canada: Allen- Bradley Caraca Lid.

\ ) Export Office: 63C Third Avenue, New York, N. Y., U.S.A 10017
BRIEF SPECIFICATICNS
Resistor Netwnrks Ladder Networks !
» Tolerfz—m_ceg: +1.0% to +0.01% Full Scale Acc;:racy: 10 bitfs or less
\ ’ 9 o B better than + 14 least significant bit. Mcre
S »  Resistance Matching: to 0.005% than 10 bits, better than + Y least
Temperature Range: —65°(°) to significant bit.
+175°C Frequency Response: Less than
\\ / Temp Coef.: to +5 ppn/°C 100 nanosecond rise time or settlirg ti
'/ Load'Life (Full load for 1000 hr Temp. Coef.: Less than 10 ppm/°C
@ 125°C): 0.2% maximum change Temperature Range: —65°C to +175

EC 682
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PACT program
circulators prove
power handling
ability up to

8.5 kW

eyl

;
=

E
e

ACTUAL SIZE

Sperry’'s PACT (Progress in Ad-
vanced Component Technology)
program has achieved outstanding
results in the development of micro-
strip ferrite circulators. PACT engi-
neers report considerable progress
in loss reduction, bandwidth, and
power handling capability.

In the power area, laboratory work
has already demonstrated Sperry
circulators’ ability to handle as much
as 8.5 kW at X band. Improved power
levels are achieved by doping the
YIG substrate with small quantities
(2%-5%) of dysprosium. While the
higher power levels are achieved at
the expense of somewhat higher in-
sertion loss, PACT engineers feel
that dysprosium doping offers great
promise for high power applications.

Improvement in bandwidth/loss re-
lationships has been equally gratify-

SPERRY

MICROWAVE IC
PROGRESS
REPORT #2

ing. Isolation of 20 db or better with |

insertion loss of .5dborlesshasbeen
achieved with a single device across
a 40% (6.5-9.5 GHz) bandwidth.

PACT engineers feel that the rea-
sons for such improvement are about

T
FREQUENCY -8 SGH2
SUBTRATE THCKNES- 098 N

-

?
'r

°

WSERTION LOSS (08)

o
I
-

o

% 200 700 000 2000 4000
PEAX POWER INPUT (WATTS)

POWER CURVE
equally divided between selection
and handling of substrate material
and improved design of the micro-
strip conductors.

Substrate selection has been ap-
proached on a lowest possible loss
basis; no other circuit parameters are
considered at that stage. As a result,
Sperry has learned that a thicker sub-
strate is useful. Instead of the 25 mil
substrate common in earlier micro-
strip work, PACT designers have
gone to a 55 mil substrate and the
added thickness contributes to de-
monstrably lower insertion loss.

ATTENUATION (D8)

0
FREOUENCY (GHe)

BANDWIDTH CURVE

Bandwidth has been substantially
increased by the addition of matching

MICROWAVE ELECTRONICS DIVISION

CLEARWATER, FLORIDA
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stubs to the deposited microstrip
structure. Considerable work has
gone into determination of optimum
size and location for the stubs, and
these efforts have been extremely
rewarding.

PACT efforts have resulted in a
number of microstrip circulator de-
signs which cover a combined fre-
quency range from 1.5 to 13.0 GHz.
All circulators in the group share the
desirable bandwidth and low loss

Jtannn

LJCaka

1 z * !

VARIOUS CIRCULATOR SIZES AND
DESIGNS COVER 1.5 TO 13,0 GHz
characteristics described above. To
date, PACT has concerned itself pri-
marily with fixed bias devices, but
recent technical evidence indicates
that the program will shortly produce
latching circulators with comparable

capabilities,

If you would like more information
about progress in microwave inte-
grated circuit modules, contact your
Cain & Co. representative or write
Sperry Microwave Electronics Divi-
sion, Sperry Rand Corporation, Clear-
water, Florida.

For faster microwave progress,
make a PACT with people
who know microwaves.
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Requests for bids
on computers...

... finds Pentagon
under fire over
purchase policy

Lockheed in lead
for Awads order

NASA seen getting
another Nimbus B

Electronlcs | June 24, 1968

Washington Newsletter

June 24, 1968

Requests for proposals on the Air Force’s Worldwide Command and
Control System will be mailed in August, signaling the start of a com-
puter procurement that is expected to run between $300 million and
$400 million.

The Air Force will equip more than 100 installations with the general-
and special-purpose machines. Proposals will be due at the Electronic
Systems Division at Hanscom Field, Mass., in September. Award of the
contract is scheduled for next April.

Although there will be four types of computers in the system, only
two bench-mark tests are contemplated—one for general-purpose or
business-type computers, and the other for special-purpose or scientific-
and control-type processors.

Congressional pressure is again being exerted on the Pentagon to reverse
its policy of ordering computers in large lots from a single manufacturer.
At issue is the computer buy for the Worldwide Command and Control
System. Applying the pressure is the House subcommittee on Govern-
ment activities, headed by Texas Democrat Jack Brooks.

The panel has charged the Pentagon with being oriented to a single
computer vendor when a mix of manufacturers can fill the bill. The sub-
committee is contending that Jovial, the system’s compiler language,
can be standardized—as the Navy’s Cobol language was—to make soft-
ware independent of the hardware of a select few manufacturers. Thus,
the computers for the worldwide system could be ordered from several
companies,

Lockheed-Georgia is favored to win the prime contract for the Air
Force’s on-again, off-again Adverse Weather Aerial Delivery System
(Awads) scheduled for award this week. Four firms reportedly bid for
the order, but Texas Instruments is Lockheed’s only competition now.

The contract was originally estimated at around $300 million, but the
project has been cut back considerably. The Air Force initially intended
to cquip 448 transport planes—C-130E’s, C-141s, and the giant C-5A’s
—with new station-keeping gear, multimode radars, and computers.
Plans now call for the outfitting of only 156 aircraft—all C-130E’s—and
the use of computers already owned by the Government. These machines
are believed to be ASN-24's made by General Precision.

Chances are excellent that NASA will be able to start an extra Nimbus
satellite within the next month to replace the Nimbus B that was lost
when its booster was destroyed just after liftoff last month. Backers of
the replacement satellite—including John E. Naugle, head of the Office
of Space Science and Applications—would like to sign a contract for
the craft, dubbed Nimbus B’, next month. General Electric would again
be prime contractor. Total cost for the satellite, launch vehicle, and
launch: between $18 and $20 million. Nimbus B cost $50 million.

All instruments needed for the complex experiment package are avail-
able, as are such satellite components as solar cell paddles. With a
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Land mobile likely
for freed spectrum

Airline user tax
makes headway

Addenda

70

Washington Newsletter

go-ahead in the next few weeks, NASA feels it could have the B’ ready
for launch by next May.

The B’, which would be identical to its predecessor, would perform
such first-time feats for satellites as determining air pressures and tem-
peratures. Through sensor-equipped buoys and balloons, it would ‘also
check wind velocity.

The FCC, which has just gotten a windfall of 26 megahertz of frequency
space previously reserved by the Government, will probably make this
space available for land mobile use. One catch, though: the commission
may leave it up to prospective users and their suppliers to develop the
hardware needed to exploit this range. None exists at present.

The frequency space—half of the 890-t0-942-Mhz band—was released
by the Office of Telecommunications Management. Land mobile users
would rather get frequencies in the lower portion of the uhf spectrum
—now reserved for television—a range for which equipment is already

available.

The Administration’s proposed user tax for the air transport industry
has gotten farther along in Congress than many had expected, and
some on Capitol Hill are now betting that a compromise will be ham-
mered out next session. The tax—which would boost the levy on passenger
tickets from 5% to 8%, establish a similar tax on freight waybills, and
raise gasoline taxes—would be used to finance airport and air traffic
control improvements. Originally it was not expected to be taken up by
committee this session, but the Senate aviation subcommittee surprised
many opponents of the tax by scheduling hearings last week.

The FAA proposed that $121 million raised by the tax rise in fiscal
1969 be spent on facilities and equipment, mostly terminal and en route
radars and instrument landing systems. Another $23 million would go
for research and development, under the agency’s plan.

With most Government agencies reeling from heavy budget cutbacks,
Edward Reilly, who directs the Post Office’s research and development
work, is counting his blessings. His request for $36 million—much of it
earmarked for electronics—emerged from Congress in comparatively
good shape. The House shaved only $2 million, while the Senate pared
$1 million. And the betting is that no further cuts will be made when
the Joint House-Senate Committee irons out a final version . . . NASA’s
Application Technology Satellite office pushed it and the Goddard
Space Flight Center wanted it, but the proposed ATS-B’ satellite [Elec-
tronics, May 27, p. 74] has been scrubbed by NASA headquarters—a
victim of the agency’s budget woes. Meanwhile, the gravity-gradient-
stabilized ATS-D satellite arrived at Cape Kennedy last week in prepara-
tion for a planned July 24 launch . . . The FCC decision on the long-
running Carterphone case, expected momentarily, may force the Bell
system to completely reevaluate its rate structures. The ruling on
whether equipment not made by Bell can be attached to its lines [Elec-
tronics, June 10, p. 80] is expected to make it clear that though Bell
can set standards for such attachments, it will be up to the phone
company to prove that a piece of equipment does not fall within these
specifications.
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All the Volts: 6kV
All the Watts: 1L.OkW

All the Time!

Dollar for dollar—
spec for spec—6000 Vdc
/1500 \V/ + 0.075% Regulation—

dep=ndability when and where
it counts!

enre ®
lllew Sorensen DL’B HV:

[ Voltage/Current Regulation with Automatic Crossover

[0 +0.075% Voltage Regulation for Maximum Line and Load
Changes Combined

O All Solid State Design Featuring Reversible Polarity

Contact your local

Model \2,“,{2;; Output Current Range @ Ambient Sizes {inches) Sorensen representative
Number Range @ 30°C @55°C @71°C h w d Price or: Raytheon Company,
Sorensen Operation,
DCRSOO 2.5A 6-600 Vdc 0-2.87A | 0-2.50A | 0-1.65A | 10%2 | 19 18 $ 875 Richards Ave., Norwalk,
U | - T | .. 1 < -1 Conn. 06856.
DCR1500 1.0A 15-1500 0-1.15 0-1.00 0-0.66 12% | 19 18 995 TWX 710-68-2940.

DCR3000-0.5A | 30-3000 | 0.058 | 0050 | 0-033 | 12% | 19 | 18 | 1250, |
DCR6000-0.25A | £C-6000 0029 | 0-025 | 0017 | 12% | 19 | 18 | 1495
for more data on this versatile instrument . . . C(lll sorensien: 203'838'6571
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The Electronics Group of The Bank of New York
has only full time industry specialists.

If your needs involve financing working capital, corporate or product
development, mergers, acquisitions, stockhclder relations, options,
pensions or other considerations, no one is better equipped than

our full ime ““electrenics bankers’” toassist you infinding the
solutions for continued growth and increasing profits.

On acomprehensive, first-hand level, the officers in our Electronics
Group, Special Industry Banking Civision, have a unique ability to
give your company the most experienced attentionin the field.

Ask yourself if you can afford to have your financial needs handied by
other than a banker who concentrates exclusively in Electronics.

...aspecialistfrom The Bank of New York
Write for our new Electronics Group booklet.
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THE,
BANK

k
gEW YORK

ELECTRONICS GROUP
Special Industry Banking Division
48 Wall Street » New York, New York
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Automated testing...

... helps make p-PACS
the most reliable

I/ C modules in the
industry

TR B —n——-V‘v'VﬂmV"\
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AL RSN ~

u-PACS are 1009 tested. We test the components, test
the circuit boards, and test every finished PAC against
stringent QC standards. In fact, we designed our own
automatic PAC test system to perform more lests

faster .. like 85 static and dynamic electrical tests

in less than 20 seconds. All to make sure the reliability
we achieve in design is passed ori to you in production.

Whether you face design of a one-shot black box, or
an entire product .ine, why not rely on -PACS. You'll
never have to worry about reliability. They've been
provern in hundreds of systems — and in test after fest.
And you gert the best price/performance ratio
available today. Write for our new brochure. It sum3s

up all the facts. Honeywell, Ccmputer Control Division,
Old Conneclicut Path, Framingham,

Massachusetts 01701.

Honeywell

COMPUTER CONTROL
OGO Circle 73 on reader service carc



Circle 74 on reader service card

Sealing diodes, ICs, thick
or thin film packages?

GTlcanhelpyou:

Seal 675 diodes in less than ten minutes with the DAP-500 infrared multispeed sealer.
Leads, envelopes and dice are loaded in fifteen minutes; automatic sealing takes less
than ten. Adaptable for soldering and brazing; handles glass kovar or ceramic.

Totally control entire sealing cycle when sealing “‘Flat-Packs' in the FP-VP-1 bench-
type single head perimeter sealer. Designed especially for lab and pilot line work, it
allows complete variation of all sealing parameters—atmosphere, heat and heat
location, time at temperature and slope of heating and annealing curves.

Automatically seal 3, 5, or 10 *‘Flat-Packs’” at once in FP-VP-103, 10 or 210 perimeter
sealers. Cycling from 30 to 120 seconds, these production sealers load semi-
automatically, insure perfect hermetic seals on glass, kovar or ceramic packages.
Plug-in elements adapt sealers to different types and sizes. Sealing yields of 98% are
possible when GTI Providence glass/ceramic packages are used.

Seal high reliability diodes semi-automatically in the DE618-5 (standard) and
DE618-10 (vacuum) sealers with a seven stage timer for split second control
of all sealing stages.

Completely control pre-bake and seal atmospheres. FP-DB-103 and 10 add hermetic
dry boxes to the *‘Flat-Pack’’ sealers described above. DE618-55 adds a dry box
to two DE618-5 sealers for producing up to 5,000 diodes per day with less
than 10 ppm moisture.

Develop reliable procedures for your hermetic sealing process with the help of GTI
packaging specialists. As suppliers of the Dix Division sealing equipment described,
“Flat-Packs" for integrated circuits (Providence Division) and diode glassware and
leads (Saegertown Components Division), GT is uniquely qualified to assist you in all
phases of your packaging operations.

Find out more about sealing diodes, ICs, thick or thin film packages with our new Dix
applications brochure. Just write for your free copy. GTI Corporation, 310 Chestnut
Street, Meadville, Pa. 16335.

EH CORPORATION
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Let us throw you a curve

If you've problems with
LC circuits, Magnetics’
new lso-Q contour curves
speed ferrite pot core
selection.

No more squinting at tangles of
curves on log paper to hind the
ferrite pot core size you need.
Muagneties” new Iso-() contoun
curves let you zero in on your target
size in seconds. \We've plotted over
100 of these time-savers to handle
more than 9097 of normal design

requirements. Thev're all comained
in our new Ferrite Cores Catalog,
first of 1ts kind i the industry.

Magneties” high purity fervites

cover frequencies up to 2 megaherts.

Linear temperature coefhicients
on 750, 1100 and 2000 permeability
malterials are guaranteed from

307 1o +70°C. Flat temperature
coethicient on 2300 perm material is
guaranteed from +20° 10 +70°C.
Magnetics” wide selection of ferrites
comprises cight mternational stand-
ard sizes and fhive additional sizes—
175 part numbers for design
frecdom. We can give you quick

delivery from our large inventory
that includes both gapped and un-
gapped cores in your most asked-for
sizes. Of course, we provide
one-piece clamping hardware for
most sizes. Finally, we offer you a
complete choice of tuning assem-

blies. bobbirs and shapes—toroid,
.U and 1.

Get your set of our new
m Iso-Q Curves. You'll like

their curvilinearity.
cORE? Write on your letter-
ﬂ head to Magnetics Inc.,

Dept. EL-101, Butler,

Pa. 16001. Please in-
clude your title and/or
job function.

MARGNRETICS inc.
- J ) A
Tape, Powder, Bobbin, Ferrite Cores « Laminations « Photo-etched Parts « Specialty Metals = Engineered Control Systems
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Quick response on
Ram Air Turbine Systems.

Garrettnowhas 3Ctypes 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 BATS —ratings up to 60 shatt hp at speeds
from 600 to 60,000 rpm.

76 Circle 76 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 ihat 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
one of The Signal Companies @
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Meet Your Components Sources in Tokyo — Visit

JAPAN ELECTRONICS SHOW ‘68

Tokyo

Sept. 17-23

68 JﬁPAN

Sept. 17-23, Tokyo

Here is an excellent opportunity to meet
with select members of sales and indus-
try. We will have a record number of
exhibitors from abroad this year. In fact,
upwards to 400 foreign and domestic
manufacturers will be displaying their
latest state-of-arts electronic products to
an anticipated daily attendance of 20,000

ELECTRONIC INDUSTRIES

visitors. Exhibits will include radios, tele-
visions, stereos, tape recorders, ‘trans-
ceivers,communications and measuring
equipment and a host of parts and de-
vices of current interest.

Open daily from 10a.m. to 5p.m. at the
Tokyo International Trade Center pa-
vilions.

ASSOCIATION OF JAPAN

Tosho Building, 3-14, Marunouchi, Chiyoda-ku, Tokyo

Overseas Affiliates:
Electronic Section,

Japan Light Machinery Information Center, JETRO

[ 437 Fifth Avenue, New York, U.S.A. [d Duesseidorf, Berliner Allee 32, West Germany

ELECTRONICS SHOW

Electronics | June 24, 1968
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Meet Your Components Sources in Tokyo — Visit

JAPAN ELECTRONICS SHOW ‘68

Tokyo
Sept. 17-23

so small yet

CS-32A
World's first solid state electronic
desk-top calculator using ICs.
*16 digits, B8 decimal places *2 memory
registers *Rounding off device *Overflow
error check lamp *Power consumption:
20W *6.6 kg {14 51bs)

Now-two new models to work for you. Both with

Always looking for a better way ... We made the world's
first solid state electronic desk-top calculator. Then we an-
nounced the world’'s first calculator using revolutionary ICs.
Now we bring you two new dyna-compact calculators that
work harder, take up less space, and save you time and money.

Take our CS-32A. Super-streamlined, yet big on perform-
ance. Complex calculations up to 16 digits and eight decimal
places. Even has two memory registers that store intermediate
answers for continued calculations. A truly ideal calculator at
realistic prices.

Qur CS-17B with superior ICs ic more compact, has a hide-
away handle for perfect portability. Big on performance, too.
Calculations up to 12 digits and six decimal places. Just right
for modern business use.

Cs-17B
Dyna-.compact, big on
performance.

*12 digits, 6 decimal places *Panel
hood *Hide-away carrying handle
*Power consumption: 11W *4kg (8.8
Ibs)

Why not put us to work for you? Qur lightning fast dyna-

compact IC calculators look smarter, last longer and work
harder.

SHARP

HAYAKAWA ELECTRIC CO.,LTD, Osaka, sapan
U.S. Subsidiary: SHARP ELECTRONICS CORP. 178 Commerce Road Caristadt, New Jersey
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NEW EFFICIENCY
FOR ULTRASONIC
- TRANSDUCERS

= type NA type
Now, adding new efficiency to ultrasonic
propagation, Tokin introduces VIBROX —unique
ferrite magnetostrictive vibrators. VIBROX has
minimum eddy current loss and a far greater
electro-mechanical transduction efficiency than
conventional vibrators. A wide range of
application embraces ultrasonic cleaning and
degreasing; metal, textile, and chemical processing;
and echo-sounding and navigation devices such as
depth-sounder, fish-finders, etc.

Tokin VIBROX is supplied in two shape-types
with nominal frequencies ranging from 15 to
100 kHz. Termed NA and = respectively, both
make use of associated permanent magnets to
totally eliminate the need for DC bias-—despite
the fact that VIBROX is magnetostrictive.

For further information and brochures, write to:

Tohoku Metal Industries, Ltd.

4, 7-chome, Ginza-Higashi, Chuo-ku, Tokyo, Japan
Telephone: Tokyo 542-6171 Cable Address: TOHOKUMETAL TOKYO

Main Products: Permanent Magnets (Cast, Ferrite), Tape Wound Cores, Bobbin Cores, Magnetic
Laminations, Fe-Co Alloys, Sendust Cores, Ferrite Cores, Memory Cores, Memory Matrices, Pulse
Transformers

Circle 215 on reader service card
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in the land of the ‘‘Risen Sun”’

engineers in the know
select OMRON

""The Economist’’ recently called Japan "'The Risen Sun’’. maximum-permissible foad. One line, miniature relays,
This is particularly apt with respect to the Electronics In- consists of 10 different models. One model, the MK type,
dustry, to which OMRON makes a vital, though hidden, has 8 variants, including *win contact, hermetically sealed,
contribution. In the field of automation and electronic con- high capacity, multi-polar and UL-Standard types.
trolling OMRON is outstanding. Our range of products is Top engineers with exact-
unsurpassed in breadth; including switches, relays, level ing standards the world aver,
controllers and timing relays. Also, each product has great as in Japan, specify OMRON
application potential——what might be termed "‘prcduct products, knowing they will
depth’’. For example, let us examine relays. We can supply get versatility, quality and
a relay for practically any puipose, from 1 amp to 25 amp economy.

MALIN SALES OFFICE Tokyo. Japan NEW YORK OFFICE New York N Y. U S A OVERSEAS AGENCIES htaly/Carlo Gavazzi S.P ~. Holland/Carlo Gavazzi N.V
West Germany/Carlo Gavazzi Austna/Carlo Gevazzi-GMBH Switzerland/Carlo Gavaza AG France/Carlo Gavazsi S AR L. Swader/Biliman Regulator AB
England/Keyswitch Relays Ltd Austraha/H Rewe & Co pty Lid South Atnica/P J Yelland & Co. (pty) Ltd CMRON RELAY DIVISION ELEGTHDN'GS
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A

MATSUO

Highly Reliable Capacitors
POLYESTER FILM
CAPACITORS.

St L 3L
Type MXT

Type MFK Type MFL

Type SW
Type MXT In plastic tube
Capacitance Range: 001 NED to 47 MFD
Voltages: 100v .200v .400v 600y BC
Dipped 1lat shape. non-inductive
construction
Capatitance Range: .01 MFD to 47 WD
Voltages:100v.200v 400v,600v ¢
Dipped lat shape.
Capacitance Range:.001 MFD to .22 MFD
Voltages:S0v.100v. 200y 0C
Super Wrap With epoxy endtill.
Capacitance Range:.01 MFD to 4T NFD,
Yaltages:100v,200v,400v,600v B¢

METALLIZED POLYESTER
FILM CAPACITORS.

— .

Type FNX-H

Type MFK

Type MFL

Type SW

Mylar Wrapped semioval with epoxy end seal
Cagacitance Range:1 MFD 12 10 NFD
¥oltages:100v,200v,400v, 600y OC.
SOLID TANTALUM
CAPACITORS.

—

Type TAX

I — -

Type TSX

Type TSL

Type TAX
Type TSX -TSL Sealed With epoxy resin.
Gapacitance Range:.22MFD 1o 330 NFD
Voltages:Gv, 10v, 15v, 20v, 25v, 35y, 50 0C

MIL-C-26655A hermetically sealed

for further details. contact:

MATSUO

ELECTRIC CO., LTD.

3-chome, Senncri-chp. Toyoncoka-shi, Osaka, Japan
Coble Address ‘NCC MATSUO “ OSAKA

TWX-523 4164 OSA.
A
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Hf? Connectors

High Zuality!
Low (Coa!
Zuictt Deliveny !

HRS is the leading manufacturer of
printed circuit connectors................

*

For detailed information., Please contact to.

HIROSE G
23, 5-5 Chome, Osaki, Shinagawa-Ku,
Tokyo, Japan Cable: BESELECONHIROSE

OR OUR DEALERS:
Kimates S.P.A./Milano via Turati 28, Italy.

Seyffer & Company, Inc./
Badenerstrasse 265, Zurich 40, Switzerland.

Circle 216 on reader service card

A For audio use

For industrial measuring
instruments use

d
Circuit

Boards!
Provides at low cost by
mass-production.

For Tr. Radios, Industrial Measuring
Instruments & Communication Equipments....
Also, for special use;

® Smooth Printing

® Fiexible Printing

® Front-Back Through-Hole Processing
® Multi-Layer Printing

UL Standard Approved No.E-41166)
*For further information please write to

@ SHIN-EI INDUSTRIAL €O, LTD.

9-7. Megurohon-cho 4.chome, Meguro-ku,

Tokyo, Japan  Tel. Tokyo 714.1651~ 9

Circle 217 on reader service card

11 experts at work
on every printed board

High Quality
Printed
Circuit
Boards!

Through the strictest quality control sys
tem, Tokyo Print have won the fullest
confidence, as top printed circuit board
manufacturers in the field. Indeed, all
the manufacturing processes are so sys-
tematically installed and organized that
all engineers can keep watch on every
part and every process.

For computer use

Radio use

(UL Standard Approved: E-38255)

We can supply in 3 or 4 weeks
upon recelpt of your order.

Tokyo Print Industrial Co., Ltd.

No. 782, shimoishihara, Chofu-shi, Tokyo,
Japan Tel. 0424(83)5711
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120LB31(DC-50 MC)

NEW OSCILLOGRAPH TUBES FROM HITACHI

WHAT THEY HAVE IN COMMON:

These Hitachi tubes are rectangular cathode ray
tubes for precision instruments, with electrostatic
focus and deflection.

They all use a mesh grid and inside scale,

giving them high deflection sensitivity and
non-parallax observation.

They’re all made by Hitachi —so you know they're
good. These two, the 120LB31(DC-50 MC) and
the 120MB 31(DC-15 MC) are particularly apt

for portable equipment.

HITACHI

Hitachi, L.td. Tokyo Japan

Electronics | June 24, 1968

ONE MAY BE RIGHT FOR YOUR OPERATION:

Item 120LB31 120M831'|14OL831 Unit
Overall Length 423+7 |318+7 | 466+10| mm
Heater Voltage 63| 126 63| V
Heater Current 1 0.3 - 0.15 0.3] A N
_Eqst Acc_el_eratqr_Voltage 10,000 | 6,000 15,000 | Vdc

1,400 2,400 | Vdc

Accelerator Voltage 2,000
i — — -

|Useful Scan 80x48 |80x64 | 100 x 60 | mm* |
Deflection Factors [
Horizontal 12—-16 |11--16 l 12--18
Vertical |4-75| 610 | 3-5.5
And if these aren’t exactly what you're looking for, see the
others —including our vidicon tubes and our cathode ray tubes
for industry-—-from Hitachi, the people who make exacting
quality available for less.

V'em
Vecm

HITACHI SALES CORPORATION: 333 N. Michigan Ave., Chicago, Ill.
60601, U.S.A. Tel: 726-4572 4; 48-50 34th St., Long Island, N.Y.
11101, U.S.A. Tel: 361-3090; HITACHI, LTD., DUESSELDORF OFFICE:
4 Duesseldorf. Graf Adolf Strasse 37, West Germany Tel: 10846
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SPECIAL COSMICAR"
LENSES

FOR YOUR SPECIAL
CCTV CAMERAS

COSMICAR lenses
have improved in
quality as CCTV cam-
eras have improved.

For example, COSMICAR
lenses can be adopted
to automatic or rear
control system by one

There is no problem whether your hand.

cameras are with a built-in EE mech-

anism or a viewfinder mechanism. Superb lenses of proven ability

from 12.5mm to 1,000mm and Zoom
COSMICAR will make whatever new lenses lenses are on sale.
you need for your CCTV cameras to satisfy

your every CCTV purpose. For further details, write to:

COSMICAR OPTICAL CO., LTD.

(Former name: ICHIZUKA OPTICAL CO., LTD.)
568, Shimoochiai, 2-chome, Shinjuku-ku, Tokyo Cable Address: ‘“MOVIEKINO TOKYO"

Circle 219 on reader service card

The high-performance ferrite cores that made possible
many breakthroughs in Japan’s electronics technology.

. ilélglis%?"gABLE k. | O FERRITE CORES FOR COMMUNICATIONS EQUIPMENT

@ Efective Shaft Travel : 30mm (1.19")

@& VARIABLE RESISTORS

N—
® 24mm (15/167) dia
® Und. Lab. Listed Snap Switches are available

#® METAL OXIDE FIXED RESISTORS
ey

® 1 ~ 5 watts
® 100 ~ 300KkQ

# ROTARY SWITCHES

fr)] Representative in US.A & Canada for Ferrite Core for communications

i MH & W INTERNATIONAL CORPORATION

280Midland Avenise Saddle Brook N.J 07662
phone: N, J.:201.791.6277 N.Y:212-244-0695

@ New Molded Wafer
® 26mm (1.027) dia

@ MAIN PRODUCTS / Variable Resistor ® Electronic Switch ® Capacitor

&/ @ CR Compasite Ports @ Fised Resitor ® Coil & IFT ® Power Resstor &T D K

335, Nishinako-machi
TE'KBKU TSUSHIN KUGYU cﬂ, LTD. Kariyodo, Kawascki, Jopon TDK ELECTRONICS CO LTD.
TEL:NAKAHARA (044) 42-3171 TELEX:3842-155 CABLE:KAWASAKI-TEITSU 2.14-6 Uchikanda. Chiyodaku. Tokyo, Japan
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PCM Ceramics provide vou with

the most in uniformity over a wide tempgerature range.

Matsushita makes a variety of PCM Ceramics tc suit you

the most in d electric constant (‘rom 300 to £,300), the most in electro-
mechanical coupling caefiicient (more than 40%), the most in mechanical gquality factor Cn (over 1,00C), and

r particular reeds. We have PCM with the mechanical

strength and hardness to generate high voltage uder sudden stress, and others with delizate acoustic sensi-

tivity for use in microghcnes and cartricges.

1. Remote Controller—Utilizes noise wave from the sparking of
the piezoelectric element to activate a receiver.

2. Piezo Arck —Gas igniter—Ignition device for gas appliances
and cigarette lighters. Generates up to 15KV, and featu-es su-
preme reliability and durability.

3. Ceramic Oscillator — Compact transistor oscillator with divided
electrode piezoelectric resonator. Useful as standard signal gen-
erator. 30-100kHz available.

4. Transducer—Various sizes and shapes are available tor a
multitude of different functions including detonartors, etc.

5. Ultrasonic Ceramic Micrcphone—Can transmit as well as
receive. Usefulin ultrasonic controller devices, alarm systems, etc.
6. Reed Filter—Frequency Fesonant Filter—Contains tuning fork
and two piezoelectric transducers. Applicable as sharp selectivity
audio-frequency filter or as audio tone generator replacing con-

©

vantional LC filter. High Q, high selectivity, compact.

7. FM Multiplex Ceramic Filter—Stzble, compact, preset—no
tuning required. Eliminates need for conventional L-C parts and
allows simpler circuiz design

8. Ceramic Filter—For IF stage of AM/FM radios. Hybrid type (a
combination of filter and coil) and composite disc type available.
262.5kHz, 455kHz, 10.7MHz.

S. Ceramic Trap “CSRAPR™—Preset, low loss. Sound irequency
rejection element in TV video amplifier circuit. 4.5MHz, 5.5MHz,
€.5MHz and cthers available.

10. FM Discriminating Element “CERAMINATOR Rr""—Stable,
preset, small. FM demodulation element for TV/radio receivers.
4 5MHz, 5.5MHz, 6. 5MHz, 10.7MHz end others available.

11. Ceramic Cartridge —High electrostatic capacitance and
fidelity characteristics.

MATSUSHITA ELECTRIC

ELECTRONIC COMPONENTS DIV. Kadoma, Osaka, Japan

Electronics | June 24, 1968
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84

Anritsu’s
$SG MG56A
reads down to

0.5kHz,
and reduces
warm up time
to 15 minutes.

Forty five minutes a day, six days a week,
30 days a month. Whichever way you look
at it, 22 hrs. per month are spent waiting
for most conventional signal generators to
warm up. And this time represents profits
down the drain.

Now Anritsu's MG56A SSG incorporates a
transistor oscillator which reduces warm
up time to 15 minutes thereby enhancing
your profits. A frequency synthesis tech-
nique is built in and provides highly stable
output frequency and extremely high
spectral purity. The MBS6A is designed
for testing 400MHz band mobile radios and
need not employ a frequency counter.
Conventional signal generators can't come
close to the high degree of topflight
measurements this unit is capable of
providing. Would you like more complete
information? We'll have our technical
bulletin in the mail as soon as we hear
from you.

B Avitou Elechric & L1d

4-12.20, Minamiozabu, Minato-ku, Tokyo
Phone: Tokyo 442.8171/Telex: 0242-2353
cable address ANRITDENKI TOKYO
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CAPACITORS

B ALL-WELDED s umeor

Electrolytic Capacitors

CONSTRUCTION Wi oo e

SMALLER IN
SIZE, HIGH PERFORMANCE!
Temperature Range: - 40°C to 1 85°€ {Characteristic T)
25°C to +85°C (Characteristic K)
25°C to + 70°C (General Application)

<® fitsuko Lbd.

(Formerly NIPPON COMMUNICATION INDUSTRIAL CO..LTD.)
260 Kitamikata, Kawasaki. Japan Tel. 044-82.5131
Cable: NITSUKO KAWASAKI Telex: 3842.177 NITSUKO KAW

SEE US AT OUR BOOTH IN JES 1968
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KK EI:IINIIMII:MIIIIII Himd
SPECIALISTS in CERAMIC CAPACITORS

Provides the highest stability, reliability
and prompt delivery

Managers of
Engineering Div. say
“SUSUMU’s thin film

components are mos!

reliable ever used”
ﬂ =
©

Managers of Material praise
“SUSUMU’ s prices are

quite reasonable.”

HIGH QUALITY CERAMIC CAPACITORS FOR TV & RADID

Factory Managers affirm
“SUSUMU’s products are
indispensable to keep up
our good reputations”

W Plate-ohm:
evaporated metal film resistor
M Pia-module:
By the automated and quality-controlied mass thin film modulated C-R circuit
production, the various lengths of lead wire avail H Pla-con:
able for automation of your sets assembling. organic thin film capacitor by
Working Voltage(OC): 12V, 25V, 50V, 250V & 500V plasma reaction

Capacitance Range : 0.05pF — 100,000pF sus"MUIHIl“s] m
* For any other informetion, T.C. end dimension etc., ask for

HEAD OFFICE: . . . . 5
16 - 1,5.chome, Takinogawa, Kita-ku, Tokyo, lapan Minami Bldg' 1-12 Ebisuminami

Tel. (91613521 Shibuya-ku, Tokyo, Japan
CHICAGO OFFICE:

528 West Wellington Ave., Chicago, Hlinois 60657 TEL: Tokyo(03) 712-5990
Tel.(3121327-8392 Tix: 25.4247 KAWACERA CGO TELEX: No. 246-6270
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Meet Your Components Sources in Tokyo — Visit

JAPAN ELECTRONICS SHOW '68

Tokyo
Sept. 17-23

MITSUMI
UHF)
TV TUNER

Far outrating the FCC and VDE specifications
which are widely prevailing in the World as tele-
communication standards. the MITSUMI UHF
tuner only radiates spurious signals less than
33,5 dB below the reference field strength
Material. plating, soldering. as well as the pro
prietorial circuit design are the technical achieve
ments by MITSUMI based on a long-term funda
mental research

By virtue of high compactness, light-weight
outstanding durability and overall use of silicon
transistors, the MITSUMI TV-tuner has made
possible of minimum frequency dnft due to
temperature vaniation And also, the MITSUMI
TV-tuner is made available to tube-type TV sets

Specifications e V tunes UK A
I 684
age (V)
I on ( x
quency range |MH/) 4
d equency (MH, A
Gai
No dBHVIE  45dE 4 maa
Vollag anding wave 13 3 max
i wiation {dB 4
RF band characten (MuZ 45 minat 38
) y
Frequency stability 300 40
Duter dimensiens (mm) 62 4

MAIN PRODUCTS

® Polyethylene variable capacitors ® IF Transformers
® Micromotors @ Synchronous motors ® Front-end FM
tuners ® UHF & VHF TV tuners @ Car tuners @ CdS
photoconductive cells ® Hybrid IC @ Trnimming poten-
tiometers @ Various types ot colls @ Micro switches
® Various types of sockets @ Trimmer capacitors @ Various
types of terminals @ Fuse holders

MITSUMI

MITSUMI ELECTRIC COMPANY LIMITED
56 Koad Komae machi Kitatama gun Tonyo Ter 489 533
Marienstra s eldort W Gerruny el 3
MITSUMI ELECTRONICS CORPORATION
Broadwey Nea vork 4 N Y Tel HA & 308
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| M@MTGD

HIGH RELIABILITY
IESTRL{MENTS

.éll:; L!gg‘

’.’ .‘.6 .
MAK-659 |

Didt meter
—FOR AUDID LABS AND PRODUCTION—

Measurement Ranges
@ Distortion Range 01 to 30°- 5 steps. frequesiy
20H7~200kHz, input impedance 600, 10k, 20k oh=s
automatic control tange 40dBm or 100X in voltage. un
damental suppression over 60dB

MW Level Range 70to - 40dBm. 600 ohm and 70
)dB (0 3mV  10V) 10k ar Ok ohms, trequenicy
2)Hz to 600kHz

@S/N

. . Range input
(signal/noise) i1 704E 72 10 038
109048 | 01t 38dEm

frequency Hz to 60kHz

o w hert

MEGURO DENPA SOKK! K.K.

'
N home € hu Meg »o ku Tory
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Ultra-small
Lamps!
Long life and reliability.

® Sub-miniature ® Miniature

~—~ OKAYA ELECTRIC

ROCAN |NDUSTRIES CO., LTD.

Yasuda Bldg.. 8-3. 1-chome, Shibuya
Shibuya -ku, Tokyo. Japan

Circle 226 on reader service card

VARISTORS

PROTECT
YOUR CIRCUITS

Silicon Varistors

SiC Varistors

=

»
&

/

Si diodes. Sirectifiers,
Si transistors, Se rectifiers,
CdS photo cells, Power supplies.

®

CABLE: SANKELE TOKYO  Phone: 386 6151
1-22-8 NISHI- IKEBUKURO,
TOSH'MA-KU, TOKYO
SANKEN ELEGCTRIC CQ., LTD.
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Murata microfork, a
unique piezoelectric
tuning fork. 4

Murata pasted a tiny piezo ceramic on
the fork to drive it piezoelectrically. As
a result the Microfork provides stability
in the face of bumps, jars, and changes
of temperature and humidity.

Microfork Model EFM is highly ac-
curate, compact and durable in such
applications as selective calling apparatus,
precise control instruments and audio
frequency standards.

Nickel plated brass case is mounted
on a plastic base designed for printed
circuitry.

Frequency range: 360 to 2900Hz

Accuracy : +0.3Hz (360~999Hz)

+0.7Hz (1000~ 2900Hz)

Temperature range: —20°C to 60°C.

For specifications on Murata’s com-
plete line of piezoelectric tuning forks
request new catalog 864-E.

mulRata

MURATA MANUFACTURING CO.

Nagaokacho. Kyoto. Japan
Cable: MURATA KYOTO
TELEX 5122-317-KYO

MURATA CORP. OF AMERICA

160 Broadway, New York, N.Y. 10038
Phone : (Area 212) 686-2510
86 Circle 86 on reader service card

PN A SSURES...

High Quality!
Excellent Technique!
Fast Delivery!
PRECISION
TRIMMER POTENTIOMETER

@ Worewaund

Metal film v @ /
v
o

. ...\‘(/"

-2 ) Carbu

tipr @

@ Square I'nimmer (W ire wy

MAIN PRODUCTS:
® Variable Resistors
® Trimmer Potentiometers

o reped

* For catalog write to

Tokyo Cosmos Electric Co.,Ltd.

N 04, Tehome. Horinouehi, Suginamiku, Tokvo. Japan
Fol Tobva B10E Cable: “COSMOSDENKT® TOKY O
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UNI-DIRECTIONAL |
MICROPHONE i

(with tone control)

SPECIFICATIONS

®Cartridge DM-49
® impedance 600 shms
® Sensitivity 73db - 2db/k bar

@ Frequency Response:...50 to 15000Hz * 5db
@® Dimensions 50mm dia, 250 Length

*For further information please write to

PRIMO COMPANY LTD.

Head Office: 25-1, 6-chome, Mure, Mitakashi, Tokyo.
Japan Tel, 0422.4:

43.3121 “Primo Musashino
22-326 PRIMO MUS

: A.P.T. No.204, 530 W. Sur!

A Tel 312.472.61421
SGOILLUSA

Mitaka"

5
Telex: 25-4225 PRIMO ML
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Assurance of
Relay Reliability

t's superior know-how acquired through
years of experience that makes Takamisawa
a stand-out in dependable relay perform-
ance.

«
C

MQ Series
Ultra-Miniature, High Performance DC
Relays
Contact current 0.7 Amp. at 100V DC

DPDT, 4PDT combination +« 6mS$ operating time
+ Mechanical life of over 50 million operations
* Superb anti-shock (5G), anti-vibration capac-
ity « Measures only 39.5x29.7 x 18.8mm

MA-R Series
Compact DC/AC Relays with Extra-Large
Contact Load Capacity
Normal contact current 5 Amp. at 100V AC
2T or 3T combination - 20mS operating
time - Mechanical life of over 10 million opera-

tions - 50 milliohm insulation resistance at
500V DC - Plug-in type
MAT 4-E
110002
s

MAT4 Series

Miniature Electromagnetic DC/AC Relays
Contact current 0.5 Amp. at 100V DC

4PDT contact combination - 14m$S operating

time - Mechanical life of 30 mitlion operations

> 50 megohm insulation resistance at 500V DC

- Weighs only 40 grams

TECK Series
Revolutionary DC Relays for All Types of
Automatic Controls

Contact current 0.5 Amp. at 100V DC + 1M,
2M, 1B, 2B, 1T, 2T combination -+ Mechanical
life of 50 million operations - Over 50 milliohm
insulation resistance at 250V DC - Weighs only
20 grams

For catalogs, please write to Planning Dept.

TAKAMISAWA

N
\\J) ELEcTRIC CuO, LTD.

35-4, 1-chome, Koyama, Shinagawa-ku, Tokyo, Japan

Circle 229 on reader service card



E Meet Your Components Sources in Tokyo — Visit
Tokyo

JAPAN ELECTRONICS SHOW '68 ==

HIGH RELIABILITY

DX ANTENNA-WITH SO Electronic Components
ITS SUPERB TECHNOLOGY T T T
AND IDEAS RECOGNIZED
THE WORLD OVER

MOLD COLOR RED SN-5050

ENGRAYED MDTATON .\,

- 0413 0338

s

- S M50 i
ACI25¢ 154 S
= LY
-~
s ] B 5-N5050
. “ AL125V 15A
( {Umit. Inches)
RATING

* Potental rating: AC 125V
* Currentrating: 05 , 1 , 15
t 2.0 , 3.0(Amperes)

45P CONNECTOR PLUG & SOCKET

ANTENNA ‘ $01-0133

DX ANTENNA CO.LTD.

MANUFACTURERS, EXPORTERS CABLE DXANTENNA KOBE, JAPAN ‘ 5010132

T oose__ "7
Dx AN ENNA i ss @& 1 45010133
o e %00 ° ©
ve *9 %0 o
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—_— — — - = - - — oac o ;
- —pt ) {Umit. Inches)
JJM 3.1: "06*"%]268':
024 2013
1
d ooss 22 1
$01-0132 W,Hw“ s ﬁgg
3 .
“e | 008R 023
20{:- )14
283 26 [
229
ool *o06] %
- 012 028}
018 SRR fiz
004 > 008

SPECIFICATIONS:

® Contact Resistance: 10mQQ or less when
measured by microscopic ohm instrument
{Between Mating Plug Pins)

@ Insulation Resistance: DC 500V 1000MQ
or more.

@ Withstand Voltage: AC 1000V for 1 minute.

Besides the above, varied type
of electronic components avail-
able on your request.
MAIN PRODUCTS:
® Plugs @ Fuse Holders

@® Jacks @® Lamp Holders
@ Sockets ® Terminal Boards
@ Switches ® Binding Posts

® Connectors ® Other Components
@ For further, please write to:

One Gift Works Many Wonders
THE UNITED WAY
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X-Y RECORDER
VOLUME PRODUCTION
MEANS LOWER COST

PRICES
DOWN

O0EM’s
invited

AT LAST! TRULY LOW PRICE
FOR SCHOOLS, 0EM's,
VOLUME BUYERS

In this age of inflation it's refreshing to see
the price of a product go down — especially
when it's a well-known and accepted unit
that's been selling at a higher price since
1961. So while others go up, the Houston
Instrument HR-100-1 goes down in price to

new low, $595. (almost ¥4 reduction). OEM

accounts: Can't you find a way of working
this into your system and take advantage of
the lowest priced X-Y recorder on the market?

check these features

M 2% accuracy Full Scale
M Sensitivity continuously adjustable

from 1 mv

B 100 K input impedance

B Independent X and Y axes

M Zener reference voltage

B HR-200-1 (transistorized version) $745.

Reustemn
Instrument

CIVISION OF BAUSCH& LOMB @

4950 Terminal Avenue, Bellaire, Texas 77401
{713) 667 7403 Cable HOINCO

a8
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Who's who in this issue

Extracting data from an audio-fre-
quency waveform was the problem
faced by engincers at Bell Labs’
Whippany, N.J., facility when the
first articles on the fast Fourier
transform algorithm were pub-
lished. The value of the technique
with regard to the project was im-
mediately recognized, and a task
force was set up to build a digital
processor that would compute Fou-
rier coefficients and nothing else.

The team that designed the proc-
essor was headed by Richard Klahn,
one of the authors of the story on (
the computer on page 92. Klahn, :
who’s now at Bell Labs’ installation
in Winston-Salem, N.C., had previ- ‘ ’ .
ously worked on several computer-
organization problems and on an- Gilmartin Gomez
tenna-steering projects at Whippany.

Much of the primary designing was done by Richard R. Shively, a mem-
ber of the technical staff who had been working on radar-signal process-
ing and the Nike X computer since 1963. Shively has a doctorate from
the University of Illinois, and was employed by the International Business
Machines Corp. before joining Bell Labs.

Erncst Gomez and Michael Gilmartin were responsible for the detailed
design of the FFTP computer. Gomez, who has been at Bell Labs since
1953, previously worked on the Telstar antenna-control system and the
Nike X computer.

Gilmartin, at Bell Labs since 1955, developed the indexing unit for the
FFTP. He, like Gomez, earlier worked on the Telstar antenna control.

g

-
¥

Klahn Shively

]

Start talking semiconductors and you have an attentive listener in Wim
Hetterscheid, author of the article on solid state tv receivers on page 104.
He has been with Philips” semiconductor applications lab since getting
his bachelor’s degree ir electrical engineering from the Amhem Techni-
cal School in Holland in 1957. While working for Philips, Hetterscheid
shuttled back and forth across the channel to pick up his master’s degrec
in electrical engineering from the British Institute for Enginecring Tech-
nology in London.

Now 35, Hetterscheid is an engineering group leader at the lab. He
has also found time to write two books on transistor amplifiers.

“The parameters in the design and application of power-line filters often
work against cach other,” states Robert B. Cowdell. “The engineer has
to know just what will happen to line voltage when he specifies a filter
so he can choosc the best of several alternatives.” Cowdell, author of
s the article on often-overlooked problems with fil-
e * ters used to suppress rfi [p. 112] has had exten-
sive experience in controlling rfi in such military
applications as the Skybolt missile and the XB70
weapons system, and the Minuteman ground-
support system.

Cowdell holds bachelor’s and master’s degrees
m electrical engineering from the University of
Southern California, and is now manager of sys-
tems enginecring for the Genisco Technology
Cowdell Corp.’s consulting and research operation.
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Unusual microwave instrumenta-
tion problems have been once of the
specialitics of Carl F. Augustine,
author of the article on real-time
microwave ficld patterns on page
118. A staif engincer at the Bendix
Corp.’s Rescarch Laboratory divi-
sion, Augustine has bachelor’s and

Augustine

master’s degrees in physics from
Michigan State University.

The lack of large-area detectors
for microwaves was a problem Au-
gustine first tackled when he came
to Bendix from Bell Telephone
Laboratories in 1957. “My initial
job was to design a fuse antenna for
the Bomarc missile,” he recalls. “An
arca detector would have simplified
the job.”

The concept of using liquid crys-
tals for arca detection actually
came to Augustine while reading an
article about the hybrid materials
in the Jan. 12 issue of Life.

“The prob-
lem of leaks
in an inte-
grated cir-
cuit’s sup-
poscdly
hermetic
package
doesn’t stop
once the de-
vices are as-
sembled
into equipment,” says Frank L.
Girard, author of the article on IC
testing on page 127. Girard speaks
from experience in the fields of
optics, clectro-optics, aerospace, ra-
diation safety, and electronic com-
ponent cvaluation.

As a member of the Hughes Air-
craft Co.’s technical staff since
1967, he has devised a number of
approaches to leak testing.

Girard

Electronics | June 24, 1968

Now You
Have
a Choice

Ali Solid State (-

21 lbs.

Duali Trace ¢

10 mv/cm Sensitivity

DC—15MHz (O
AC—DC Operation (——o

No longer is there just one ultimate performance, AC/battery powered scope
available. Now you have a choice—Data Instruments CD 1642. Of course, we
don’t think that “choice’ is exactly the right word. Because, as a basic oscillo-
scope, the CD 1642 offers so much more. 207¢ greater display area, for in-
stance, and full centimeter divisions. Sensitivity, also, is better by 2077 and the
sweep is faster by the same amount. Moreover, the CRT has far superior focus
and contrast so a better display is possible. The rise time is somewhat faster
and the instrument will trigger well in excess of its rated 15MHz. And finally
both AC and internal as well as external battery operation are included in
the basic instrument.

On the other hand, there is the Status Symbol Factor. The CD 1642 has not yet
achieved this. That other great scope has, and perhaps there is significant
psychological value attached to it. The question is—is it worth paying 4077
more to own a status symhol? We don’t know. We can only noint to the specs.

VERTICAL AMPLIFIER (2 channels Y1,Y2)
BANDWIDTH | SENSITIVITY/CM [ RISE TIME | ACCURACY | IMPEDANCE |[AUX. AMP. Y2

DC-15MHz (DC) 10myv to 5v 20ns. = 5% 1MQ + 40pf X 10 Gain
2Hz-15SMHz (AC) 9 ranges 40Hz-5MHz
TIME BASE CRT POWER PHYSICAL
SWEEP/CM TRIGGER HOR. AMP.| DUAL TRACE AC & DC WT. & DIM.
0.5u4s-200ms [Int., Ext., +, — Exp. X5 6 x T0CM AC 44-440Hz | 7% x 8%’ x 19"
18 ranges | Normal and 1v/CM 4kv 117-220v 21 Ibs.

Automatic | DC-500KHz DC Bat.12-30v

| 25w

1

Why take our word for it? Compare Data Instruments CD 1642 with that other
scope and make your choice. True, we can’t offer you a Status Symbol, but we
can improve your image.

Data Instruments Division * 7300 Crescent Blvd. * Pennsauken, N. J. 08110
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June 24, 1968 | Highlights of this issue

Technical Articles

Finding Fourier
transforms in real time
page 92

Designing transistor
deflection circuits
page 104

Line filters need
realistic specs
page 112

Using liquid crystals
to detect microwaves
page 118

Capacitance tests
identify leaky IC’s
page 127

A special-purpose computer based on a fast Fourier trans-
form algorithm carries out—in real time—the thousands of
transformations required to extract data, for example, from
seismic waves and electroencephalograms. The processor ex-
ccutes the algorithm 20 times faster than FFT-programed
general-purpose computers.

Though no tv set makers are now marketing large-screen all-
transistor black-and-white receivers—because of the high costs
that would be involved—new high-voltage transistors for use
in the horizontal deflection system may soon change things.
This article discusses the design of the deflection circuit and
tells how to protect the transistor from circuit failures and
high-voltage flashovers.

Many users of power-line filters aren’t aware that specifica-
tions for these devices often don’t relate to actual operating
conditions. The filters usually aren’t used at their specified
source and load impedances; the actual impedances are likely
to be much lower. Because of the mismatch, the filter’s output
voltage can vary significantly.

A thin Mylar membrane coated with liquid
crystals can instantly produce a color pic-
ture of the clectric field pattern of micro-
waves. One use would be to produce three-
dimensional microwave images in space.
There are also such applications as delin-
cating the radiation patterns of antennas
and the mode patterns in complex wave-
guides and resonators, and finding internal
flaws in materials translucent to microwaves. The cover photo-
graph, by Robert R. Grenier, shows the interference pattern
between two radiating horns.

Electronics

Once integrated-circuit modules are assembled onto printed-
circuit boards, it’s hard to single out the IC’s that have faulty
hermetic seals. Conventional bubble tests aren’t adequate,
because the p-¢ board itself contains entrapped air and emits
bubbles. However, the leakers can be identified by exposing
all the modules on the board to a high-dielectric gas and
measuring the IC’s capacitance; the gas entering a leaky device
changes its capacitance.

Coming

Electronics | June 24, 1968

In the next issue: crystals that store light and give it off
when tapped.
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Computers

The time-saver:

FFT hardware

Peripheral special-purpose processor calculates Fourier coefficients

of signals 20 times faster than programed, general-purpose computers

By Richard Klahn, Richard R. Shively, Ernest Gomez and Michael J. Gilmartin

Bell Telephone Laboratories, Whippany, N.J.

Real-time calculation of the spectral components
of a waveform containing many frequencies is easily
achieved with a special-purpose computer that em-
ploys the fast Fourier transform (FFT) technique in
its hardware. The computer finds the Fourier coef-
ficients 20 times faster than an FFT-programed gen-
cral-purpose computer—itself several hundred times
faster than older methods—and as a result can pro-
vide improved frequency resolution in real time.

Developed by the Bell Telephone Laboratories,
the computer combines the inherent speed of the
FFT, which eliminates unnecessary computations,
with a wircd-in program that capitalizes on cer-
tain characteristics of the FFT. These character-
istics include a fixed arithmetic sequence, real and
imaginary parts of complex computations that can
be handled in parallel, and a regular but unusual
pattern of memory addresses that can be generated
by specialized counters. Called, appropriately
enough, the Fast Fourier Transform Processor
(FFTP), the machine is limited to processing sig-
nals in the audio-frequency range,

Since Fourier transforms are a useful tool in
extracting the information contained in many kinds
of waveforms—such as seismic waves, electroen-
cephalograms, and data signals telemetered from
deep space—Bell Labs’ processor isn’t lacking in ap-
plications,

The processor is based on the FFT algorithm de-
veloped a few years ago by mathematicians James
W. Cooley of the International Business Machines
Corp. and John W. Tukey of Bell Labs [Electronics,
April 15, p. 124]. It is intended to carry out in real
time the thousands of transformations that many
signal-processing applications require. For such
applications, special-purpose processors organized
to execute the algorithm are far better than general-
purposc computers running FFT programs.

Bell Labs” FFT processor was designed as a pe-
ripheral unit in a general-purpose computer system.
As such, the FFT processor greatly extends the pro-

92

cessing capacity of computers for Fourier analysis
applications.

Actually, the peripheral-unit approach was quite
natural for Bell Labs’ engineers. Running signal-
processing experiments on Bell’s large general-
purpose machine would have consumed thousands
of hours of computer time. The engineers found
that the same experiments could be completed
in a single day on an IBM 1800, a medium-size
computer, if it were linked to the fast Fourier trans-
form processor.

What it can do

With a set of input numbers representing sampled
values of a continuous waveform, the processor can
compute Fourier coefficients. Or if the input rep-
resents the coeflicients, the processor can compute
successive amplitudes of the waveformi, Thus, the
processor is capable of obtaining either direct or
inverse transtorms. Either way, the processing is in
real time.

From a computer designer’s standpoint, FFT holds
out the promise of execution times much shorter
than those possible on a general-purpose machine.
The fixed nature of the computation’s arithmetic
sequence permits matching the speed of the arith-
metic section to that of the memory, allowing an
overlap of arithmetic operations and memory trans-
fers. Moreover, both units can handle the real
and imaginary portions of complex values in par-
allel, thereby saving processing and transfer time.

Since the FFT requires a sequence of memory ad-
dresses and trigonometric values for its regular but
unusual pattern of combining data, the software
approach necessitates testing of several index val-
ues. This is time consuming. The hardware ap-
proach is far simpler and much faster—the values
are easily generated by specialized counters,

This is just one example of where hardware
proves superior to software. Except for table look-
up, which takes a lot of memory space, no single
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software routine can perform this conceptually
simple operation in real time.

Putting it in hardware

The FFTP’s major components, shown in the block
diagram below, include a table memory that holds
trigonometric coefficients, a record memory for both
the sample records and computed results, an in-
dexing wunit to generate memory addresses, and a
complex arithmetic unit. Besides sequencing the
algorithm, the logic in the FFTP controls both data
transfers and execution of a small set of instructions.
Input-output format conversions and recording of
results as part of the transfers are also possible.

Within the complex arithmetic unit, the four real
multiplications and two additions required for a
complex multiplication are performed as a single
operation. The multipliers are recoded to base 4 so
that only one adder pass is required per pair of bits.
Carry-save adders reduce the time delay for the
parallel addition of two numbers during multipli-
cations to that of a single adder stage. Fixed-point
arithmetic contributes to speed. The automatic re-
scaling that the slower floating-point arithmetic
would provide is made available by special hard-
ware that takes over when overflow is threatened.

Indexing unit

Two binary counters, a shift register, and a small
amount of combinational logic make up the FFTP’s
indexing unit. One counter addresses the data in the
record memory and the other addresses the trigono-
metric coefficients in the table memory. When the
completed results are being transferred out of the
FFTP, the second counter generates addresses for
the record memory. During this operation, the order
of bits is reversed, thus the coefficients are un-
scrambled.

The pattern of operand addressing appears in the
panel, “An eight-bit example,” on page 94. In that
example, the memory addresses of interacting oper-
and pairs are separated by 4 during the first itera-
tion, 2 during the second, and 1 during the third. In
general, for N samples, N being a power of 2, the

operand addresses differ by N/2, N/4, N/8, and so
on down to 4, 2, and 1, respectively, in successive
iterations. In binary notation, the sequence of ad-
dress pairs during the first iteration of the example
is: 000 and 100; 001 and 101; 010 and 110; and 011
and 111,

In each pair the addresses differ in only one bit
position—the first position—and may therefore be
generated in a binary counter whose bits can be
individually complemented. During the second it-
cration the address pairs are: 000 and 010; 001 and
011; 100 and 110; and 101 and 111. Here the second
bit is complemented, but the sequence shows that
in proceeding from the second to third pair of ad-
dresses, the counter must be incremented before
recomplementing the second bit—not after. Thus,
an overflow—a carry out of the most significant
digit of the counter—always signals the end of an
iteration.

These operations are controlled by the iteration
shift register and the address counter, top of page
95, both of which are 13 bits long. Initially, the most
significant bit is set to 1 in the shift register; all
other bits remain 0. As the address counter is
advanced, this single bit in the shift register con-
trols the selective complementing of the correspond-
ing bit in the address register. When the address
register overflows, the first iteration is finished; the
overflow automatically shifts the lonely bit one posi-
tion to the right. The overflow also implies that all
remaining bits in the address register are 0, so that
both the register and the counter are ready to begin
the next iteration. The end of the algorithm is sig-
naled when the single 1 in the shift register is
shifted out of the low-order bit position.

Weight-watching

Only one complex weight is required during the
first iteration, two during the second, four during
the third, eight during the fourth, and so on. These
weights are always required in the same order. In
the cight-sample example, the complex weights are
WO/8 in the first iteration, W% and W2/8 in the
second iteration, and W98 W2/8 \W1/8 and W3/8

CONTROL

INSTRUCTIONS INDEX COMPLEX
CONNECTIONS ARITHMETIC —  ARITHMETIC [
TO G-P UNIT UNIT
L U SIN-COS VALUE T

INPUT

DATA INPUT

-__AND OUTPUT

) }

|

Al REAL | IMAG Al _cos | SIN
b b
CONTROL PATHS <— L R RECORD =1 R TABLE
i E MEMORY E MEMORY
DATA PATHS — g S
S

ADDRESS PATHS < —
-

Computer components. Sample records are stored in the record

memory, coefficients in the table memory.

Indexing unit generates memory addresses, and the arithmetic unit computes the coefficients.
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in that order in the third iteration. The same order-
ing of complex weights applies regardless of itera-
tion number or array size; only the number of
weights used changes with each iteration. The se-
quence of exponent values is a consequence of the
reversed-digit ordering.

During each iteration, groups of samples or inter-
mediate results are paired in operations similar to
those shown in the panel. The complex weight is

the same for all numbers in the group, and changes
whenever the processing of a new pair of segments
begins. Since the iterations in the example involve
one, two, and four segment pairs respectively, the
complex weights change zero, one, and three times.
When all operations on a segment pair are finished,
and a new complex weight is needed, a carry occurs
in the record-memory address counter into the bit
positions controlled by the single bit in the itera-

An eight-bit example

A rather short record of only eight
samples, as diagramed below,
illustrates the principles of the ¥Fr
and their implementation in Bell
Labs’ rrrp. The symbol W repre-
sents the complex exponential,

W = exp(—j2n);

dure first uses pairs of the original
samples to obtain simple two-point
transforms based on two of the
original samples. For example,
samples X(0) and X(4) are com-
bined to get Ay(0) and A,(4):

harmonic from each pair of original
samples, obtaining the four two-
point transforms A;(0) through
Ay(7).

Pairs of two-point transforms are
then combined to obtain four-point
transforms Ao(0) through Ao(7).

A1(0) = X(0) 4 X(4)wo/s Again, the arithmetic operations
therefore appropriate powers of W = X(0) — X(4) are similar, except that the spacing
represent multiples of +1 or —1: A, (4) = X(0) — X(4)woss between pairs is halved, and dif-

Wors = 41 = X(0) + X(4) ferent powers of W are used in
W/ — 1 the complex multiplication. The

The quantities A;(0) and A,(4)
represent estimates of the d-c term
and first harmonic. The same
mathematical procedure makes
other estimates of the d-c and first

final step for an eight-bit eight-
point record determines the Aj;
terms that are the desired complex
Fourier coeflicients within a scale
factor of .

and for any integer value of M,
W (SM 4 0)/8 — Wa/8

The FFT computational proce-

SAMPLES X(0) X (1
OF FUNCTION ( n x(2) X{3) X{4} X(5) x(6} X(7)
r
2-POINT A,(0) A1)
TRANSFORM
4-POINT A, (0) A, (1
TRANSFORM 2 gl Ay f2) Az (30 Agl4) Ay (5)  Al) Az (7)
-é- I -J--l ry l"""‘ = .‘n-' 3
W | E:‘qu—w 8 L‘.:“.‘,a"—w 8 CM 1a—w8
"\\\>—’ /"Tf" - \ (J.-r
{ r/ -~
L
Fal ?“'1
"T‘-" I-'nnl
'
8-POINT A {0) Ay (1) A, (2) Ay (3) Ay (4
TRANSFORM > : 3 3 3 (4) Ag (5) As (6) P
REORDERED c(o) cn c{2) c(3) c(4) c(5) c(e) c{n

COEFFICIENTS
B - comPLEX MULTIPLIER B - compLeEX ADDER I - coMPLEX SIGN CHANGE

Transform procedure. The FFT algorithm combines sample pairs into two-point transforms, four-point transforms,
eight-point transforms, and so on, until it obtains a single transform based on all the original samples.
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Computational key. Without the indexing unit, which controls the sequence of memory addresses,
the fast Fourier transform processor would be much more complicated.

tion shift register. The increment logic in the dia-
gram shown above deteets this unique carry con-
dition, and causes three things to happen:

» Transfers the contents of the table memory data
register to the complex arithmetic unit,

= Increments the table memory address counter
in the indexing unit,

= Refers to the table memory for the next com-
plex weight.

Since the next complex weight is always antici-
pated, table-memory references do not delay the
process. When cach iteration begins, the starting
value, W? — 1 - j0, is already in the complex arith-
metic unit, and the second value is in the table-
memory data register. Table-memory cycles are
therefore always one step ahead of the segment pair
being processed.

An overflow from the record-memory address
register, which signals the start of a new iteration,
clears the table-memory address counter to its start-
ing value so that each iteration starts at the begin-
ning of the list of weights.

End of the line

Results in the record memory are stored in an
tnusual order. In addition to reducing the number
of arithimetic operations, the FFTP conserves mem-

Electronics | June 24, 1968

ory space by overwriting each new pair of results
on the two operands used to compute it. In this
way, intermediate and final results require no
memory beyond that which held the initial data.
However, if the initial data is in its normal order,
an inherent consequence of this overwriting is a
scrambled order of final results. When the results
arc labeled with the numbers 0 to N — 1, the
location of any particular result is represented by
reversing the order of bits in the binary repre-
sentation of its label.

For example, in the cight-sample diagram, the
cocflicient for result No. 1 (binary representation
001) appears in location 4, or 100 in binary. The
indexing unit achieves this reordering by switching
the table-memory address counter, with digits re-
versed, to furnish addresses to the record memory
while completed results are being transferred to the
general-purpose computer.

Complex arithmetic unit

The two operations to be iteratively performed
on the data are:

Ain(d) = M) + Auk) - W
Aip(k) = () — Aak) - W
2A|(J) - :\H,l(j)

I

I
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where the subscripts refer to the iteration number;
j and k are the pair of addresses generated by the
indexing unit; and W’ is the complex weight. Each
of the numbers is complex, and W’ represcnts

W' = Wizr/N = cos 6 4 jsiné
one of the complex roots of 1.

The complex multiplication Aj(k) - W’ com-
prises four real multiplications, an addition, and a
subtraction:

Re[Ai(k) - W] = Re[As(k)] cos 6 — Im[A;(k)] sin 8
Im[A;(k) - W] = Im[A;(k)] cos 8§ + Re[A;(k)] sin 6

where Re and Im refer to the real and imaginary
parts, respectively. Similarly, the addition and sub-
traction in the same equations also imply pairs of
operations on real numbers.

In the hardware that implements these operations,
shown below, separate registers simultaneously ac-
cumulate the real and imaginary parts of the result.
Each accumulator is part of an arithmetic loop in-
volving two cascaded carry-save adders; each of the
four adders corresponds to one of the four multipli-
cations that together yield a complex product. Dur-
ing any step in the complex multiplication, digits of
equal weight in cos 8 and sin 8 select multiples of
the real and imaginary parts of Ay(k) to be added
to the partial result already accumulated.

The carry-save adders do not propagate carries
and therefore are faster than conventional adders,
although they use the same adder logic. Two flip-

flops per bit are required in the accumulator for
intermediate results—one for the sum bit and one
for the unpropagated carry.

Besides speed, forming the four sums of products
simultaneously yields the same arithmetic accuracy
as that obtained by forming double-length products
individually and adding them before dropping the
low-order bits.

The multipliers are recoded in base 4, to reduce
the number of passes through the adder to half the
number of bits in the multiplier. In conventional bi-
nary form, base 2, the passes would equal the bits.
Pairs of bits form base-4 digits. Base-4 notation nor-
mally requires digit values of 0, 1, 2, and 3. But in
the FFTP, they are expressed to exclude the digit
value +4-3 and to admit a digit value of either —1 or
—2. The recoding eliminates the circuitry that would
be required to form 43 times a number, which is
substantially more than that required to form 0, 1,
2, —1, or —2 times the number. The 3 X multiple re-
quires an adder, while cach of the other options re-
quires only a single two-input AND gate per digit
position. Conceptually, the recoding is similar to a
mental short-cut for multiplying in decimal by 99 in
which multiplying by 100 and subtracting the multi-
plicand is easier than multiplying directly.

As the base-4 multiplier digits—pairs of bits—are
sequentially scanned right to left, the first 43 digit
is replaced by —1, and +1 is added to the next
digit, which has a relative weight of 4, to compen-
sate for the replacement. Multiplication by an 11-

ACCUMULATOR ACCUMULATOR
REAL PART IMAG PART
Y [}
@ A K) MULTIPLIER MULTIPLIER
i +2X, *1X +2X, 1%
z LGl 1 (| cose h
2 \ Y ! 1 | SHIFT fa—
w REG
z CARRY - SAVE CARRY-SAVE .
=, ADDER (I} ADDER (Im) x
o
Q =
w w
o =
= -~ w
2 ¥ L o
- =
A (K) MULTIPLIER . MULTIPLIER =
—1 IMAG -2X, F1X +2X, tiX S
PART : &
SING
| 1' SHIFT fut—
y REG J
Y Y | |
CARRY - SAVE CARRY-SAVE
ADDER (II) ADDER (I¥)
Y Y
A\
v

TO RECORD MEMORY

Complex arithmetic unit. Four multiplications, an addition, and a subtraction all occur simultaneously in this unit,
which generates the real and imaginary parts of each complex result in parallel. Inputs to the lower left multiplier

are the negative of the others to obtain the subtraction.
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Real-time results. Six-microsecond timing cycle of the FFTP produces answers 20 times as fast

as general-purpose software.

bit number, therefore, requires only six steps. The
multipliers in the complex-arithmetic unit diagran
indicate the multiples that achieve this reduction.

The FFTP's timing diagram, shown above, indi-
cates that once pair of results is obtained in 6 micro-
seconds. The total time required to transform a
record of N samples is therefore (N/2) logaN X 6
psec. Matehing the arithmetic and memory speeds
could be improved, but this would be costly. Thus
far, 6 pscc has proved more than adequate for
present needs.

Besides the FFTP and the IBM 1800 computer, Bell
Labs’ signal processing facility includes a magnetic
tape 1mit and a multiplexed  analog-digital con-
verter. All of these elements are linked by inde-
pendent data channels to the computer, so that
it can direct the flow of data through the system
without seriously degrading its internal computa-
tional capacity. This arrangement retains the in-
herent flexibility of conventional stored-program
control over the svstem’s functions, and at the same
time exploits the significant efficiencies of the FFTP
in exccuting the Fourier series calculations.

Carrying out the job

The svstem’s operation is illustrated by a real-
time analysis and display of the power spectral
density of an analog signal. Sampling the signal,
transforming the samples into spectral density es-
timates, and displaying the results are all under
control of an operating programn in the IBM 1800.
This program loads the FFTP table memory with a
list of sinc and cosine vahies, and selects analog-
to-digital and digital-to-analog converter sampling
from a timing generator unit in the FFTP. The com-
puter transmits instructions to the control section
of the FFTP, which carries out these operations.

To bring sample values into the system, the com-
puter commands a data channel to sample the de-
sired number of points, and waits for an interrupt
from the data channel that indicates when the sam-
ples have heen taken. As the voltage waveform is
encoded, the sample values are stored in one of
two buffer arcas in the computer's memory. When
the first sct of points has been sampled, the central
processor resets the data channel, and directs sub-
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sequent samples to the altermate buffer area. The
computer also transfers the first record to the FFTP,
along with a command to start the FFT process.
When the transfornation is completed the FFTP
signals the computer, which transfers the resulting
complex Fourier coefficients to its own memory.
From this data, the computer obtains the power
spectral density function and sends it to the output
data channel, where it is converted to an analog
deflection voltage and displayed.

While all this is in progress, the analog input
chamel is concurrently storing the samples for the
next record. When these are available, the com-
puter is again interrupted, and the entire sequence
is repcated. This operation is maintained until the
test is completed.

In this example, the entire set of operations per-
formed on the input data is under control of the
operating program. By changing appropriate soft-
ware, the experimenter can vary the sampling rate,
the length of record processed, or the sequence in
which data is manipulated. This flexibility permits
experiments with a number of processes based on
Fourier transform techniques. Many of these ex-
periments may now for the first time be performed
in real time because of the high speed of the FFTP.
Thus test results can be interpreted instantly with-
out large amounts of input or output storage, re-
quired in nonreal-time systems.
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Circuit design

Designer’s casebook

Curve tracer tests
logic IC quickly

By G. Donald Wagner
The Johns Hopkins University, Silver Spring, Md.

Curve tracers, generally used in the laboratory to
observe transistor characteristics, can quickly test
integrated logic circuits. An external power supply
for the logic circuit and two resistors to simulate
load and input impedances are the only extra equip-
ment necessary.

The rectified 120-hertz voltage that supplies the
discrete transistor’s collector during normal testing
becomes the input signal to the logic circuit. In each
half-cycle, this signal moves the base-emitter junc-
tion of an internal transistor from cutoff into satura-
tion and then back to cutoff. The movable contact
on the switch determines which of the three base-
emitter junctions is controlled by the 120-hertz
signal.

Because the waveform across the emitter-base
terminals is the same frequency as the collector-to-
emitter signal, the scope plates are synchronized.
Consequently, a fixed display showing the collector

voltage as it falls to (.1 from 1.61 appears on the
scope.

A leaky collector-to-emitter junction in any of the
transistors will be indicated by a collector-to-emitter
voltage of less than 1.61. A fairly accurate deter-
mination of the leakage current is possible if R, is
removed during testing. Knowing the collector volt-
age, the supply voltage, and the internal collector
resistance, the engincer can then calculate leakage
current.

High saturation voltages indicate the presence
of defective junctions in the transistor. If an ohmic
contact that was inadvertently developed during
manufacturing is present in either the basc-emitter
or base-collector junction, saturation voltage in the
transistor will be higher than the 0.1 volt shown.

In the transition from cutoff into saturation, the
transistor operates for a short time in its active re-
gion. Thus the transistor’s d-c¢ gain can be caleu-
lated by measuring voltages on the horizontal and
vertical axes near the midpoint of the transition
region. Again, any defect in the trausistor will re-
duce the ratio of collector voltage to base voltage.

The difference between collector voltage at satu-
ration and cutoff is called noisc margin. It’s the
voltage level a transient must have to turn the logic
transistor on or off. For example, a positive 1.8-volt
spike that appears while the transistor is in satura-

INPUT
SIGNAL

TINPUT
SWITCH

TEKTRONIX 575

TEKTRONIX 575
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tion will raise collector voltage from 0.1 to 1.61 and
place erroncous information in the computer. Obvi-
ously, noise margin in the logic circuit shown can be
easily measured on the scope face; it is 1.51 volts
for the xL90L.

To test the uL910 logic circuit, the base generator
panel on the face of the curve tracer is turned off.
To avoid loading the output of the circuit under
test, however, the step voltage switch in the basc
panel must be set at 0.001 milliamp/step. This
places a high resistance between the collector of
the logic circuit and the base measuring circuit.
Although the base circuit isn’t supplying voltage
for use in the testing, it is still coupling the output
signal into the scope plates.

The horizontal panel on the curve tracer is
switched into the collector voltage section and set
at 0.2 volt/centimeter; the vertical panel was set
in the base voltage section at 0.2 volt/cm.

If it is necessary to measure the current sinking
capabilities of a circuit, Ry must be placed betwcen
the collector and base terminals and a diode placed
in series with the resistor.
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Bridge and amplifier
monitor d-c level

By John P. Budiong

Bedford Institute of Oceanography,
Dartmouth, Nova Scotia

Small variations from an established d-c level are
difficult to measure because of the high input im-
pedance in monitoring equipment. Only nanoam-
peres are drawn by the monitor when the voltage
is at its established level. Consequently, the change
in input current is an infinitesimally small part of
an already small current.

A voltage monitor consisting of an operational
amplifier, ammeter, and bridge rectifier provides
both high input impedance and the ability to meas-
ure small voltages. Because of the feedback loop
added to the operational amplifier, its gain and in-
put impedance are high. The bridge rectifier keeps
current through the meter going in only one direc-
tion despite the polarity of the variation.

A positive 1 volt at the input forces the opera-
tional amplifier into generating a 10.5-volt output,
because in the noninverting configuration shown,
the amplifier tries to keep the two input voltages
cqual. With 105 volts sitting above the bridge

rectifier, 1 milliampere flows through the meter,
diodes D, and D., and the resistors R, and Ro.
This current causes a full-scale deflection in the
meter and develops a l-volt drop across R.. The
resistor’s 1-volt drop is coupled back into the am-
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plifier’s other input, where it stabilizes circuit oper-
ation.

Negative voltage deviations cause essentially the
same circuit operation. The only difference is that
D, and D, conduct, so that the meter deflects up-
ward. And, of course, a negative feedback voltage
is developed across R., which, when coupled back
to the negative input of the operational amplifier,
stabilizes circuit operation.

If millivolt deviations must be read accurately,
the resistors R; and R. should be reduced in valuc
so that the current through these resistors is capable
of driving the milliammeter. Offset voltage—the

small difference between the two input voltages
that can’t be removed—should be taken into account
at the low input levels, because it might introduce
large errors. A I-millivolt offset voltage makes the
meter voltage 4.5 mv when the input is 5 mv.

The circuit can be used to read a-c currents if
the current-limiting resistor R. is reduced by 11%.
This allows higher peak currents to flow through the
meter. Instead of presenting an average of the a-c
current, the meter will then indicate peak variations.

When used with an EEG, this circuit makes it pos-
sible for a researcher to observe brain reactions to
external stimuli.

FIGURE 1

FIGURE 2

FIGURE 3

Putting electronic organs
in tune with natural sound

By Robert F. Woody Jr.
Christiansburg, Va.

Perceptible richness is added to the music in an
electronic organ when all the audio harmonics are
generated along with each fundamental note. Be-
cause they contain both a fundamental frequency
and all the higher harmonics, sawtooth voltages are
generated in the organ’s tonc oscillators. Unfor-
tunately, the multivibrators and Hartley oscillators
currently in use generate a sawtooth voltage whose
flyback time is fast. The buzzing sound heard in the
organ because of this flyback can be eliminated by
adding a capacitor to the multivibrators and modi-
fying the Hartley oscillators.

In addition to removing the buzz sound, the re-
designed multivibrators add versatility to the organ
circuitry. By changing a few components the de-
signer can make the output of the tonc generators
cither a sawtooth or nearly sinusoidal waveform.

A nearly sinusoidal waveform contains the fun-
damental note and highly attenuated harmonics;
when heard in the organ’s speaker it sounds like
the note in a wood flute pipe organ. Because these
nearly sinusoidal voltages arc used as harmonics,
this mixing with the fundamental gives a strikingly
rich voicing to the electronic organ.

Twelve banks of multivibrators and their syn-
chronizing oscillators generate all the A, B, C, D, E,
F, and G notes and their respective sharps. The
seven A notes in an electronic organ are generated
by a bank of six multivibrators and a synchronizing
Hartley oscillator. Tapping the oscillator coil so that
the fecdback signal overdrives the base of transistor
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Q, causes the transistor to operate in the nonlincar
portion of its base current/collective current curve.
A sawtooth waveform results, which, when filtered
by resistor Ry and capacitor C;, changes into a dis-
torted sine wave. When a note is pressed, closing
a key contact, further filtering by the 15-kilohm key
resistor and C; makes the waveform at the emitter
of Q. nearly sinusoidal.

Capacitor Cs is coupled to the Hartley oscillator,
whose collector signal triggers a 1,760-hertz multi-
vibrator. After C. and R. differentiate the oscil-
lator’s signal, it becomes a positive spike that turns
Qs off. The negative 12 volts of the supply then
appear at the basc of Qy and drive it into conduc-
tion. While Q, is on, Cz charges through R;. When
the spike is removed from the base of Q, its col-
lector and Q,’s base are returned to ground.

With Q, off, C; discharges through Ry, thus com-
pleting one cycle of a 1,760-hz sawtooth signal.
Midway through this discharge another spike ap-
pears at the base of Qs, turns it on, and again places
the supply voltage at the base of Q. This time,
however, Q4 doesn’t conduct because the charge on
C; prevents the flow of base current.

The sawtooth wave developed across C; has all
its component harmonics attenuated because it is
connected to the Ry Cg filter. The smooth sawtooth
that results at the emitter is changed again by the

1760hz IZ%SZO hz

filtering of the key resistor and Cs. A waveform
resembling the output of a full-wave rectifier is
therefore available to the organ bus. The waveform
is inverted with respect to the output of the Hartley
oscillator. This inversion is undetectable by the
human ear since the harmonic content in each sig-
nal is almost the same.

The voltage spike developed across R; when C3
was charging is coupled to C; and triggers the
880-hz multivibrator. The same sequence of events
occurs in this multivibrator; a nearly sinusoidal
wave is generated for the organ and a synchroniz-
ing pulse, half the frequency of that supplied, is
coupled to the 440-hz multivibrator.

Four of the component values in the multivibra-
tor, C;, Cy, C;, and Ry, are determined by the fre-
quency of oscillation.

Capacitors C; and C; are made equal to simplify
the design. Because of this equality the period of
oscillation of the multivibrator is 0.693 R,Cs. Since
R, is approximately 0.1 megohm, Cj is related to
the frequency by

1
0.693 X 0.1 X 10° X C5
where f = frequency of oscillation in hertz

— capacitance of C; in microfarads
Performing the arithmetic with C; and C; equal

f:
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Y

results in the following equation:

After thesc capacitors are placed in the circuit, a
value of 91 kilohms is selected for R; because it
synchronizes the following multivibrator at half the
frequency of 1,760 hz. The value of the respective
capacitors and resistors in the following multi-
vibrators are determined in the same manner.

The low-pass filter capacitor C4—0.0015 uf in the
1,760-hz multivibrator—has double this value in the
880-hz multivibrator. The value is doubled in the
following multivibrators and, because organs usu-
ally operate in stable environmental conditions, 20%
capacitors can be used.

The coupling capacitors between the multivi-
brators are all 10 pf.

Instead of blending fundamental frequencies to
form a musical voice, most designers begin with a
sawtooth wave and remove harmonics with a tone
filter. The desired harmonics stay in the note and
a voice similar to that of the blending system is pro-

duced.

—~

In converting this circuit into a sawtooth gen-
erator, all the 0.22uf capacitors are removed from
the buses. In the Hartley oscillator, R, and C; are
removed and the collector of Q; is connected di-
rectly to the base of Q.. Capacitor Cj, resistor Rg,
and their equivalents in the other multivibrators
must be removed. The bases on all the driver tran-
sistors are then connected directly to the emitters
of the transistors equivalent to Q.

Sawtooth waveforms generated in these circuits
have longer return times—the time it takes to charge
C;—than the sawtooth waveforms in conventional
organ multivibrators. This desirable characteristic
is the result of Co’s charge holding Qy on after the
bias is removed from that transistor’s base. The
almost instantaneous return of the sawtooth wave-
forms in conventional electronic organs is heard as
a buzzing sound in the system’s speakers.

Since the third, fifth, and sixth harmonics are
present in the waveform, the buses that supply
these frequencies arc not used in the sawtooth
system. If one or all of these harmonics are neces-
sary in the generation of an organ voice, the tone
filtering is selected so that thesc frequencies are
not attenuated.

Transistor and zener
monitor calibration

By Edwin R. DelLoach

Astro-Dynamics Electronics, New Orleans

Portable measuring equipment whose calibration
depends on a battery power supply should be-
come inoperative when the battery discharges to
a low voltage level. This can be arranged by plac-
ing a transistor and zener diode in the line between
the battery and the instrument’s circuitry.

Aslong as battery voltage remains above 19 volts
in this scheme, transistor Q, is biased into satura-
tion and current flows into the instrument. When
the battery supply approaches 18 volts—the zener
voltage of D;—the transistor starts operating in its
active region. Collector-to-emitter resistance in-
creases, and an appreciable part of the battery
voltage is dropped across Q;. Eventually the cutoff
point of the transistor is reached, and a resistance
in the megohm range appears between Q,’s col-
lector and emitter. The line between the battery
and the instrument’s circuitry is then opened.

The gear can’t be operated until the batteries in

the supply are recharged or replaced. If the bat-
teries are nickel-cadmium, their life is prolonged
by this arrangement, since discharge below the 30%
of full capacity either destroys or endangers such
batteries.

And this handy addition to the circuitry requires
only 2% of total battery power.

An external indicator can be added to the equip-
ment if a 24-volt bulb is connected across the emit-
ter and collector of Q;. When Q; is turned off the
voltage across it turns on the bulb.
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Cover protects 2402A controls for systems use.

Take 40 readings per sccond, integrate and resolve the
answers to a microvolt with the new Hewlett-Packard
2402A IDVM...get resolution never before available in
this speed range. With the accuracy of a lab instrument
(0.01% of reading +0.003% of full scale), the 2402A is
excellent for system applications... with full programma-
bility and all the features you'd expect from a systems volt-
meter. (Of course, it's an cxcellent lab instrument, t00.)

Guarding and integration permit accurate mecasurement of
low-level signals in the presence of common mode and
supcrimposed noise—over 120 dB cffective common
mode rejection...cven at 40 readings per sccond. De-
signed for low-cost multimeter expandability: AC, resis-
tance and frequency measurement capabilitics can be
added easily with optional plug-in circuit cards. Five ranges

Electronics | June 24, 1968

to +1000 Volts, including a 0.1 Volt range for high-
accuracy millivolt measurements.

The 2402A: $4800. Plug-in options are reasonably priced
—AC, for example, only $450.

For more information, call your local HP ficld engincer
or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

HEWLETTW PACKARD

DIGITAL VOLTMETERS

Circle 103 on reader service card 103



Consumer electronics

All-solid state design overtakes
large-screen monochrome tv sets

High-voltage transistors can be used in the horizontal deflection system
of these receivers if the devices have special circuitry to protect them
from picture-tube flashovers and from failure of the oscillator or driver

By Wim Hetterscheid

Semiconductor Applications Laboratory, Philips, Gloellampenfabrieken, Nijmegen, the Netherlands

Large-screen monochrome television receivers are
the home-entertainment industry’s last holdouts
against full transistorization. It’s just been less ex-
pensive to produce a 23-inch set with transistors
in the low-power signal circuits and vacuum tubes
in the power output stages and deflection system.

The higher cost of the all-transistor sets is at-
tributable primarily to the elaborate transformer-
driven regulated power supply that would be
needed to provide the low-level voltages—40 volts
and under—for the transistors. A more economical
all-transistor receiver could be made if the hori-
zontal deflection system were designed with high-
voltage transistors operated directly from rectified
line voltage.

But there’s a lot more to designing solid state
deflection circuitry than simply getting suitable
high-voltage transistors. Even devices meeting the
most stringent specifications can be ruined if they
aren’t protccted by special circuitry. Also, precau-
tions must be taken against excessive radiation.

First step

To design a horizontal deflection circuit for an
all-transistor black-and-white set operating from a
unregulated rectified d-c line voltage of 130 volts,
it’s first necessary to determine the deflection en-
ergy the yoke will have to handle. This will indi-
cate the scanning voltage involved, as well as the
operating parameters of the output stage, driver
stage, and oscillator timing circuits.

The magnetic energy required to scan a 23-inch,
110° deflection picture tube can be calculated from
the specifications for the yoke’s horizontal coil.
With the coil operating at an acceleration voltage
of 18 kilovolts, the specs would be:
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2.1 millihenrys
3.8 ohms
2.82 amps peak to peak

Inductance
Resistance (d-c)
Deflection current

In this example, the deflection current must move
the picture tube’s electron beam over a distance
of 495 millimeters—approximately 19.5 inches—with
the aid of an 18-kv accelerating voltage. In practice,
engineers shoot for an overscan of 9% to ensure
adequate picturc width, and they achieve it by in-
creasing the deflection current by 6% over the
nominal requirements. The energy required can be
determined from the following equation:

1

Wa = ¢ LI

where L. = inductance in henrys and I, = yoke
current, Thus:

0

X 2.1 X 107% X (1.06)? X (2.82)* = 2.32 mj

where the 1.06 factor accounts for the 6% overscan
current,

For a 20-kv accclerating voltage, the required
magnetic energy is

W = % X 2.32 mj = 2.58 mj

In the diagram at the right, the voltage, Vi,
across the deflection coil can be determined from
the equation

Ly

VLy = Ly (1—_ —p)T

Electronics | June 24, 1968



where

8 Wn

L L

Substituting 2.1 mh for L, 0.18 for p (flyback
ratio), 64 microseconds for T (flyback period), and
2.58 mj for W,,, we obtain

8 X 2.58 X 10°
2.1 X 10

I, = = 3.15 amps

The peak-to-peak deflection current, then, including
overscan, is 3.15 amperes. The voltage across the
coil can now be determined by:

3.15

7 — —3 — - ==
Viy = 2.1 X 10 0.82 X 64 X 105 126v

The calculated value of Vi, is thus well within
the range available from the 130-volt d-c supply.

The usual practice is to put a low-value resistance
in series with the primary of the flyback trans-
former for flashover protection. The sawtooth volt-
age drop produced by the resistor, coupled to other
circuit resistances, produces lincarity crrors that
have to be ncutralized by a linearity coil.

Assuming a combined drop of 8 volts in the
circuit, the voltage, V,, across the linearity coil,
S-correction capacitor, and deflection coil—all in
series—is reduced to 122 volts. Experience has
shown that for linear deflection across a 23-inch
picture tube, Vy always comes to about 97% of
the voltage across the deflection yoke. And this
observation checks out precisely with the calcu-
lated voltage (122 volts.)

Collector-emitter voltage

As shown carlier, the deflection coil and linearity
correction circuitry are connected to a tap on the
primary of the flyback transformer. In this specific
transformer, the tap is at the 90% point of the
total transformer winding. Thus the voltage across

the effective inductance in the collector circuit ot
the output transistor becomes, during the scanning
period,

122
0.9

\& = 136v

The peak value of the collector-emitter voltage,
Ve, during the flyback period can be calculated
from the formula

VCE = (1 + Fp) (1 ot {l) Vo

F, is a constant that depends on the flyback
ratio, p; its value is derived from the equation

1—p7r+2

s

p 2

For a ratio of 18%, p = 0.18 and F, = 7.8.
The factor “a” is a reduction coefficient of the
collector-emitter  voltage reflecting the reduction
of collector peak voltage due to third harmonic
tuning of the flyback transformer. From experience,
a practical value for “a” is 0.15. Inserting these
figures in the formula for collector-emitter voltage
yields:

Ver = (1 +7.8) (1 — 0.15) 136 = 1,010v

F, =

In specifying the Vi rating of the horizontal
output transistor, the designer must consider the
worst case and allow for a possible voltage increase
of up to 10% above nominal value due to line-
voltage variations, and another 15% increase that
could be caused by out-of-tolerance components
and out-of-sync circuit conditions. From a practical
standpoint, therefore, the transistor peak rating is

Veou max = 1.10 X 1.15 X 1,010 = 1,278v

The deflection coil current, as previously deter-
mined, is 3.15 amps; this is reduced at the flyback
transformer collector tap—which is at 9% of the

+130v
[
[
Flyin A I
| jcorL ! i
HOR i1 ‘
OUTPUT l |
{BU105) |
o ggs;*g,%'g'* | I ]FLYBACK
T ly | [TRANSFORMER
\ ‘ y II(PRIMARY)
HOR i - [l
DEFLECTION | l |
| l |
Y

Horizontal output stage. The deflection coi! and horizontal

on the primary of the flyback transformer. The coil compensates for linearity errors,

linearity correction circuitry are hooked up to a tap
while the capacitor provides

tangent (S) correction. Supply voltage is applied between the primary split terminals.

Electronics | June 24, 1968

105



|
|
|

I

. rpT’f

- -

5 T [
Waveform. Peak coliector-emitter voltage value during the
flyback period is a function of the fiyback ratio and third
harmonic tuning of the flyback transformer. Voltage Vo
appears across the inductance during the scanning period.

primary winding—by 10% to a value of 2.84 amps.
In practice, the magnetizing current through the
transformer is assumed to be 15% of this value, or

Ir = 0151,

Thus, the total peak-to-peak value of the current
delivered by the transistor becomes

liior = 115 X 2.84 = 3.2 amps

The peak value of the collector current, as shown
below, can now be determined from the equation

]l)('

1—-p

ly tot

l(. = 2

where I is the current drain from the power
supply, and the factor (1-p) is the ratio of scanning
time to the period time of a complete cycle.

In a practical horizontal deflection circuit operat-
ing with an acceleration voltage of 20 kv, power
consumption is approximately 17 watts under con-
ditions of no beam current. With a 10-watt load
across the auxiliary windings of the flyback trans-
former, the total power consumption of the output
circuit becomes approximately 27 watts, amounting
to a current drain from the 130-volt power supply
of

27
Tue = 130 = 206ma
Ipc R
1 T-p g N R
EC o L |Te |
= l—‘—, o SR
(I i
| S S N
! {1-p)T |
s : -
e el

Collector current derivation. Peak value of | depends
on the total sawtooth current of the system and on the
current drain on the power supply. For an acceleration
voltage of 20 kv, power consumption is about 17 watts.
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Under nominal conditions for a flyback ratio of
18%, the peak collector current is

3.2 0.21

le="9"+ 082

= 1.85 amps

The computed collector current corresponds,
under normal operating conditions, to the current
of the deflection output stage when component
values are normal and when therc’s a 10-watt load
across the transformer auxiliary windings but no
load across the accelerating potential.

Outer limits

Computed collector-emitter voltage and collector
current are considered nominal values for a well-
designed cirenit containing high-grade components.
In practice, however, abnormal conditions can read-
ily change these values. For example, the over-all
effect of component tolerances, differences in the
sensitivity of the deflection coils supplied by dif-
ferent makers, and variations in picture tubes and
beam currents can hoost collector-emitter voltage
and collector current by as much as 25% from
their nominal values.

Having determined the operating parameters
of the horizontal deflection system with these haz-
ards in mind, the designer can specify the charac-
teristics of the various components involved and
proceed with the circuit layout.

The use of a horizontal output transistor such
as Philips” BU105 eliminates the need for the usual
damper diode; the damper function is achieved
with the collector-base junction of the transistor
and its inverse operation.

During the flyback retrace time, a positive pulse
is present between collector and emitter. At the
end of the retrace period, this voltage passes
through zero and increases negatively until it ex-
ceeds the value of both the base reverse-bias volt-
age and the forward voltage of the collector-base
diode, at which point, that diode conducts. The
basc-reverse bias voltage is applied through the
driver transformer as soon as the collector current
switches off at the heginning of the flyback period.
and it remains on until the transistor is forward
biased again. This normally occurs about 10 micro-
seconds after the beginning of the scanning period.

Consider the energy recovery during this first
10 psec. With a base reverse-bias voltage on the
order of 4 volts, the negative collector voltage will
vary from about 5 volts to a level equal to the
breakdown voltage of the base-emitter diode. This
voltage, in turn, depends on the impedance in the
base circuit.

At the start of the scanning period, a sawtooth-
shaped current flows through the transistor’s col-
lector. Part flows through the base and serves as
a normal forward bias. As far as collector-emitter
voltage and base drive are concerncd, the circuit
parameters cause the transistor to operate in an
inverse mode—the collector acts as emitter and the
emitter as collector. The current gain of a BU105
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Doingitin color

There are no large-screen, all-solid state black-
and-white tv sets on the market now, but two com-
panies—Motorola and rca—will be offering all-solid
state color models with 23-inch screens this sum-
mer. Motorola introduced the industry’s first all-
transistor color receiver at last year’s Consumer
Electronics Show. Rca will introduce its line this
week at the show.

Solid state sets cost a lot more to produce than
do vacuum-tube units. And these higher costs can
be absorbed more rveadily in the higher-priced
color-tv sector than in the sharply competitive black-
and-white market. For example, rca’s solid state
monochrome set with an 8-inch screen is priced at
$125, while Admiral’s tube-operated monochrome
set with a 9-inch screen has a $69.95 price tag.

Hold that line. Eugineers attending last year’s

High-voltage module.
Motoroia’s solid state
high-voltage module
replaces vacuum-tube
rectifier with a silicon
unit that's shown
mounted in position.

Spring Conference on Broadcast and Television Re-
ceivers in Chicago were openly skeptical that Mo-
torola could continue to market its solid state color
set at a price only about $90 above those on com-
parable tube-type sets. But the firm has held the
price line, and according to Dick Kraft, Motorola’s
director of color tv engineering, people are willing
to spend the extra money to get solid state reliability.

Motorola’s first solid state color sets used a high-
voltage rectifier tube, but that has now been re-
placed by a solid state silicon rectifier that plugs
into a socket.

Rea's solid state color line still features a tube-
type high voltage rectifier. An Rca spokesman
daims that the solid state devices now available for
this application aren’t yet cost-competitive with
vacuum tubes. The one undeniable advantage of the
solid state rectifier is that it provides instant
warmup. This feature complements those yielded by

the other solid state devices to provide instant pic-
ture and sound when the set is turned on.

Whether Motorola or nrca is right about the rec-
tifier, the rest of the tv industry will surely not be
long in going to transistorized designs for the other
circuitry.

No secrets. Despite all the precautions taken in
the consumer electronics industry to safeguard se-
crets, companies are usually able to find out what
rivals are doing, and the word in industry circles
is that Zenith Radio will be next with an all-solid
state color set.

“QOur information is that they are readying a solid
state line,” says an rca spokesman. “We're surprised
that they haven’t anmounced it vet.”

It should be noted that the solid-state deflection
circuit being developed at Philips cannot be used in

color sets, which consume considerably more power
than their black-and-white counterparts. Solid state
color sets employ several voltage multiplier stages
to develop the needed accelerating voltages, which
approach 30 kilovolts in some sets.

The color receivers also require a well-regulated
transformer power supply to provide low-level volt-
ages for the tvansistors. Typically, the B+ is held
at an average of 80 volts d-¢ during modulation. The
power supply for the color set thus adds appreciably
to the over-all cost of the unit.

This is essentially the point made by Philips’
Hetterscheid: it’s cheaper to build black-and-white
all-transistor sets that can operate with a simple
line-voltage rectifier and filter than one requiring
a well filtered and regulated low-voltage d-¢ power

supply.

J.D. Drummond, Consumer electronics editor
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Quick change. Turn-off waveform ‘‘a’”’ shows what
happens when fast-charging base current is applied.

In waveform ‘‘b,”’ the base current’s rate of change is
slowed by the switching speed of the BU105 transistor. As
indicated in the tinted areas, collector charge is

removed by recombination in the collector-base diode.

in the inverse mode is about 0.8, the ratio of col-
lector current to base current. The base and emit-
ter currents are on the same order of magnitude
and make up about half the total current flowing
in the collector circuit, excluding sccond-order ef-
fects.

Therefore, the parallel-efficiency recovery of en-
ergy in the output circuit takes place by inverted
transistor operation in a common-base arrangement.
And parallel-damper (parallel-efficiency) action is
thus provided by the collector-base diode of the
output transistor.

Turning off the drive

If collector current is to be turned off quickly,
it has to be controlled by the base current. The
transistor collector-base junction must therefore
become nonconductive before the emitter-base junc-
tion—a precaution that’s of special importance in
circuits using the BU105. During scanning periods,
large amounts of charge carriers are stored near the
collector junction because of the large base current
needed to get a sufficiently low saturation voltage at

HOR
OUTPUT
(BUIOS)

DRIVER

Base circuit inductance. Leakage inductance of the driver
transformer can be boosted by the addition of an
inductor, Ls, to the output transistor base lead. The
added inductance helps slow the rate of change of the
turn-off base current, but at the expense of an

increase in the storage time.
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the end of the scans. So it takes a considerable time
to remove the excess charge carriers from the col-
lector region when applying a turn-off drive to the
base. Only after all of the carriers have been re-
moved will the actual turn-off of the collector cur-
rent begin to take place.

It’s essential, however, that the base-emitter re-
gion not discharge at a faster rate than the collector
is able to follow. Otherwise, the emitter junction
will be reverse biased at a time the collector junc-
tion is still storing carriers. In that case, the charge
from the collector region could be removed only
by the recombining of charged carriers in the
transistor’s collector-base diode.

In the chart at left, curve “a” shows the re-
sult of a too rapidly changing turn-off current at
the base. The spike in the collector current’s turn-
off characteristic could lead to excessive turn-off
dissipation. In curve “b,” full use is made of the
transistor’s switching speed. With the slowing
of the turn-off base current’s rate of change, the
cmitter junction cannot become nonconductive be-
fore the collector current is turned off. Since there
is no recombination spike in the collector current
waveform, therc can be no excessive turn-off dis-
sipation in the transistor.

The rate of change of the reverse base current
has been slowed in the practical circuit by an extra
inductance, Ly, put in series with the base lead.
This inductance, which is shown below, and which
includes the leakage inductance of the driver trans-
former, has a value of about 25 microhenrys.

Protecting the output stage

The output transistor in a horizontal deflection
circuit can be damaged by a sudden failure of the
oscillator or driver stage. To understand the con-
ditions that can occur with faulty driver operation
—and the measures that can be taken to prevent
damage to the output transistor—consider the situ-
ation prevailing under normal operation.

In the horizontal deflection circuit, the driver
and output stages operate in a nonsimultancous
mode. That is, the driver transistor conducts during
the time required for the output transistor to switch
off. All this happens in the flyback period, during
which a high collector voltage is present and energy
is recovered.

The output transistor is forward driven when the
driver transistor doesn’t conduct. This forward
drive draws energy from that stored in the induc-
tance of the driver transformer during the preced-
ing conduction period of the driver stage.

Driver and output stages are designed to ensure
that the output transistor sees a relatively low im-
pedance at its base during the conduction time of
the driver transistor. The protective impedance in
the base circuit under these conditions is, as indi-
cated before, formed by coil inductance and re-
sistance, plus the driver transformer’s leakage in-
ductance.

Failure on the part of the driver transistor to
deliver a pulse alters the operation of the output
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Built-in protection. The output stage can be effectively protected from picture-tube flashovers by a resistor in
series with the power supply and primary of the flyback transformer. For circuits using the BU105, a resistance
value of 27 ohms is adequate. The resistor should not be decoupled, however.

transistor. When faulty driver conditions occur
suddenly, the output stage can casily become self-
oscillating. Experiments with practical circuits
show that the frequency of self-oscillation and the
number of cycles affected depend on the transistor
type involved and on the circuit parameters.

To understand how the horizontal deflection out-
put stage can become self-oscillating during fail-
ure of the driver system, suppose that for some
reason a current flowing in the base circuit of the
output stage is of the same polarity as the “parallel-
efficiency” current that flows under normal operat-
ing conditions. The base current would then cause
magnetic cnergy to be stored in the inductance of
the driver transformer secondary. And the amount
of this cnergy could be large enough to apply a
forward drive of the output transistor.

When no more cnergy is available in the driver
transformer inductance, some collector current
turn-off mechanism will occur in the circuit. After
this, therc may be a further period of energy re-
covery from the output circuit and subsequent
cnergy storage in the transformer inductance.

It should be noted that the circuit of the output
stage under faulty driver conditions takes on the
basic form of a Hartley-type oscillator. The main
components are the inductance of the driver trans-
former, the collector-base capacitance of the tran-
sistor, and the inductance in the collector circuit.
There is also, of course, the amplifying action of
the transistor.

Sclf-oscillation of the output stage can destroy
the transistor. First of all, forward base drive pro-
duced by the magnetic energy stored in the sec-
ondary inductance of the driver transformer may
not be adequate to control the collector current
drawn by the output circuit. The transistor comes
out bottoming and a large amount of power is dis-
sipated. Also, the collector current takes a long
time to turn off under these conditions, resulting
in another large waste of power. And these forward
and turn-off dissipations can damage the transistor.

Further, under faulty driver conditions, a large
voltage pulse may still appear during turn-off. The
combination of a large collector-emitter voltage
and the turn-off collector current, plus the rela-
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tively large impedance of the base circuit, may lead
to a “pinch-in” effect that shows up in the output
transistor as a short-circuit between collector and
cmitter.

During normal operation of the circuit, the in-
ductance in the basc consists of the “speeding-
up” inductance, Ip, and the leakage inductance of
the driver transformer. This inductance is small in
comparison with the sccondary inductance of the
driver transformer (measured with open primary).
The amount of energy stored in the base induct-
ance during “parallel-cfficiency” action of the
transistor is thus far smaller than that occurring
under faulty driver conditions. There is no risk,
therefore, that the circuit with a BU105 can become
self-oscillating during normal operation.

To protect the output transistor against the ef-
fects of driver failure, a large-valuc capacitor
should be connected across the secondary of the
driver transformer to ensure that the base output
of the transistor always sees a low impedance. The
capacitor also prevents the output stage from be-
coming self-oscillating during periods of faulty
driver operation. The capacitor shouldn’t be con-
nected directly between the base and emitter of
the output transistor, however, because this would
upsct the effect of the inductance, Ly, and lead to
long spikes in the collector current’s turn-off char-
acteristic. In a practical circuit employing the
BU105, safe operation under all drive conditions
is ensured when the capacitor has a value of 0.47
microfarad.

Base drive pulse

The base drive pulse should be timed so that
forward bias isn’t applied to the output transistor
before the end of the flyback period.

In determining the proper pulse width for the
BU105 reverse-bias base voltage, one must take into
account the 10-psec turn-off delay and the approx-
imately 12-usec duration of the flyback period.
Counting spreads in turn-off delay and tolerances
in the duty cycle of the drive pulse, though, the
actual reverse-bias pulse width should be consid-
crably larger than that 22-psec minimum. In gen-
eral, a circuit can be considered safe if the pulse
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Industrial electronics

Power-line filters

need specific specs

The filters can guard equipment from electromagnetic interference,

but—under actual operating loads—they can also cause wide swings
in line voltage; conditions should determine application specifications

By Robert B. Cowdell

Genisco Technology Corp., Compton, Calif.

Standard installation of a low-pass filter in a power
line to keep electromagnetic interference from en-
tering a shielded room can create more serious
problems than it solves. As a recent case in point,
an engincer used a standard, 400-hertz, off-the-shelf
filter, rated at 100-decibel insertion loss at a cutoft
frequency of 14 kilohertz, only to discover that
though the generator produced the correct supply
of 208 volts, the voltage at the load inside the room
was 240 volts!

Checking the filter under resistive load, he found
the voltage drop at rated current to be 2.6 volts,
well within the filter’s specifications. The power
generator also turned out to be operating satis-
factorily. In this case, the equipment inside the
shielded room was the gencrator’s only load, so the
problem was solved by reducing the generator’s
voltage from 208 to 180 volts, thus bringing the
inside voltage to the desired 208 volts, But why had
the voltage increased?
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Further investigation revealed the essential cause
of the problem: people who specify filters may not
be aware of actual operating conditions. Power-line
filters arc specified to have 50-ohm resistive source
and load impedances, but more often these imped-
ances will be complex and have values of 2 to 10
ohms. Thus, power-line filters are sensitive to the
magnitude of load current and the power factor.
Sometimes, then, the load makes the filter resonate
rather than attenuate.

Rolloff

An ideal filter would have zero attenuation for
frequencies slightly higher than the power-line fre-
quency, and a specified insertion loss for all higher
frequencies. That is, it would have a steep rolloft
characteristic.

But practical passive power-line filters, made of
capacitive and inductive clements, actually have a
rolloff characteristic whose slope depends on how
many elements arc used and how far above the
power frequency the cutoff frequency is set. With a
resistor-capacitor load, the rolloff may peak near
power frequencies and cause a gain instead of a
voltage drop.

Some of the latest specifications call for a 100-db
insertion loss at 14 khz This low cutoff frequency,
compared with the 50 khz and higher specified
carlier, means that insertion loss of a few tenths to
scveral decibels may occur at 60- and 400-hz fre-
quencies. This sinall insertion loss may scem in-
significant in relation to the specified 100 db, but at
power-line frequencies it means substantial line-
voltage drops or gains,

One standard five-element filter, rated at a 100-db
insertion loss and a 12.5-khz cutoff frequency, uses
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three capacitors and two inductors. Another filter, relationships:

a seven-element unit with four capacitors and three
inductors, also has a 100-db insertion loss but cuts
off above 16 khz. The insertion-loss characteristic
ot these two filters strongly depends on the values
of source and load resistances. The lower these re-
sistances, the less the insertion loss at power fre-
quencies.

Computer evaluation

Rarely is the filter’s load purely resistive, how-
ever, and there’s usually little or no source im-
pedance. To find out what voltage drops or gains
are caused by variations in load current and in
capacitive and inductive impedance loads (power
factor), the two standard 50-ampere filters were
simulated in a digital computer. Curves of voltage
drop or the gain-versus-power factor were plotted
at different load currents at both 60 and 400 hz.

In the tests, the source impedance was set at
zero—realistic for most 60- and 400-hz sources. The
computer simulated series resistor-inductor, series
resistor-capacitor, and single resistor loads to yield
impedances of 230, 11.5, 4.6, and 2.3 ohms—equiva-
lent to load currents of 0.5, 10, 25, and 50 amps.

The values of the R’s and C’s in the load im-
pedances were calculated and simulated in the com-
puter by the application of some simple and basic

FIVE-ELEMENT FILTER

Ly
Cy

L, = 200 MILLIHENRIES
;= C3 = 30 MICROFARADS

Qipg = 3
Ring = 0.005 OHMS

Z =V/I
Power factor = R/Z
where Z2 = R*> + X2
Thus, for a load current of 10 amps, a power fac-
tor of 0.6, and a 115-volt, 60-hz source,
Z = 115/10 = 11.5 ohms

R = 6.9 ohms

X = 9.2 Oth

C = 1/(2+fX) = 288 microfarads
I, = X/2«f = 24.4 millihenries

To get realistic results, the simulated filter model
was also fed information about how its elements’
values varied under different operating conditions.
In particular, the Q of an inductor drops when
higher currents are applied because of increasing
power losses and because the inductance itself de-
creases as the inductor saturates.

The computer-plotted results show the magnitude
of the line-voltage drops or gains introduced by the
filters under different conditions. At 60 hz, the
seven-element filter is affected less by the load
power factor than is the five-element filter. For
light load currents, however, the voltage drop of
both filters is small for all load impedances. Further,
for a power factor of about 0.9 capacitive, there is a

SEVEN-ELEMENT FILTER

Ly= Lp= L= 25 MICROHENRIES
Cq = 60 MICROFARADS Qing = 3
Cp= C3 = Cq= 34 MICROFARADS Ring * 0.005 OHMS

Elemental. These standard power-line filters contain five inductors and capacitors (left) or seven. In general,
the more elements, the less line-voltage loss there is at line frequencies. Filter efficiencies depend on the

inductors’ Q, which varies with load current.
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Hidden. These insertion-loss characteristics indicate that even with pure resistance loads there is substantial
line-voltage drop at the 60- and 400-hz power frequencies. However, the decibel scale used here masks the
real impact of line-voltage variations. With complex (resistor-inductor, resistor-capacitor) impedance loads
the line-voltage gain or drop caused by the filter can degrade the operation of equipment.

slight voltage gain that remains substantially inde-
pendent of load current and impedance.

The extent of these variations in supply-line volt-
age would be masked if the filter’s insertion-loss
characteristic were plotted in the normal way—on a

decibel scale. For example, at 60 hz and with a 2.3-
ohm resistive load, the five-element filter reduces
the generator voltage from 115 volts to 112; yet
these 3 volts represent an insertion loss of only
0.22 db. At a 0.4 inductive power factor and 2.3-ohm

il Less for more. At 60 hz, the
seven-element filter’s voltage
gain and drop, in color, vary

- 5 less with changes in load current
< and power factor than do those
o of the five-element filter, shown
2 +4|- FIVE-ELEMENT FILTER = in black. Note that the voltage
= . ; ;
2 SEVEN—ELEMENT FILTER cosmmsmmmm 50 AMPERES gain for both filters is
> 25 independent of current at about

+21 10 0.9 capacitive power factor.
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+90 Closer to cutoff. The five-element
filter has much greater voltage
drop or gain at a 400-hz power
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More and better. The +a
characteristics of the seven-
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load, the line voltage drops to 107.7 volts, the
equivalent of a 0.57-db insertion loss.

The characteristics of the two filters at 400 hz
were plotted separately because of the change in
scale, a situation that further emphasizes the fact
that the seven-element filter is much less susceptible
to changes in load current and power factor than
is the five-element one.

No one answer

The engincer wanting to get rid of electromag-
netic interference on power lines, but without wide
swings in line voltage, is faced with several alterna-
tives, none of which may be completely satisfactory.
For example, he can arrange for an isolated line to
run from the generator (autotransformer) to the
load inside the shielded enclosure, and can adjust
the source voltage up and down as the load current
and power factor change with different loads. If he
manages to compensate for voltage drop or gain in
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POWER FACTOR

this manner, the insertion loss at power frequencies
due to having a 14-khz cutoff frequency can be tol-
crated, and the filter can serve its main purpose of
attenuating even low-frequency electromagnetic in-
terference.

Adding more elements to the filter makes the in-
sertion loss characteristic below the cutoff frequency
steeper and also reduces the insertion loss and
power-linc frequencies. But it also boosts the cost
of the filter. For example, a five-element filter rated
at 50 amps and 12.5 khz, and having a 100-db inser-
tion loss, costs about $150; a seven-element filter
with similar specs costs about $30 more.

Probably the casiest way to handle the problem
is to investigate the spectrum of the electromagnetic
interference. The higher the frequency of the low
end of this spectrum, the higher the cutoff fre-
quency of the filter can be. And the higher the cutoff
frequency, the lower the insertion loss at power
frequencies.
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Instrumentation

Field detector works in real time

Liquid crystals provide instant display
of microwave intensity, in color

By Carl F. Augustine
Bendix Corp., Southfield, Mich.

Liquid crystals are bringing the advantages of real
time to the mapping of electric-field intensities.

The conventional way to map a field has been to
scan it point-by-point with a small probe. This is
not only laborious and time-consuming but also
often inaccurate, because the probe disturbs the
original field. And information is lost, because the
scans aren’t continuous. A newer method, described
on page 122, that automatically maps fields on sen-
sitized Polaroid film [Electronics, April 15, p. 130]
is simple and accurate, but isn't a continuous proc-
ess. The photos represent discrete moments in time.

The real-time technique developed by the Bendix
Corp. uses liquid crystals as sensing elements in a
very broadband microwave detector that instantly
produces color displays of field intensity. The de-
tector is efficient and has good resolution. It can
be used to plot near-field antenna patterns and mode
patterns in complex waveguides and resonators, and
to measure impedance and power by detecting
standing waves and power-density patterns in open
transmission lines. In fact, such a real-time detector
may be the key element in microwave holography,
or for producing three-dimensional images of micro-
wave patterns,

The device consists of a support structure made
from a very thin Mylar membrane. The membrane’s
size depends on the experiment. With a small rectan-
gular waveguide, for example, a 6-inch-diameter
membrane suffices. A thin metalized film deposited
on one side of the membrane then is coated with the
liquid crystals.

A concentrated microwave beam passing through
the membranc sets up currents in the metalized film.,
Energy transferred to the film heats up various seg-
ments in proportion to the amount of energy that
is absorbed. Because the color of light scattered
from the liquid crystals varies with temperature, dis-
tinct color lines surround the area through which
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cnergy was transmitted, These lines form a two-di-
mensional plot of the microwave field intensity.

Neither liquid nor crystal

Liquid crystals are neither liquid nor crystal, but
exhibit some properties of both states. At the proper
temperatures, the chemicals are somewhat fluid but
display the cloudiness characteristic of crystals. They
can scatter light of various colors, usually within
any range of about 3°C from 0°C to 100°C. The
process is reversible, and the crystals are very sensi-
tive to small temperature changes. Changes as small
as 0.1°C can be detected if a narrow range is used.
Thus, the crystals can be painted on surfaces to
serve as a precise temperature indicator [ Electronics,
Oct, 18,1965, p. 46].

Liquid crystals are usually applied as a thin coat-
ing. The usual procedure is to apply a 10% solution
in a fast-evaporating solvent by brushing, flowing,
dipping, or dripping. The solvent usually evaporates
in about two or three minutes and leaves behind a
coating of waxy liquid crystals. As soon as the coat-
ing is dry, it displays the colors indicative of tem-
perature.

The sequence of colors within the 3°C range is
blue, green, yellow, orange, red, and then back to
colorless. Blue indicates the highest temperature of
the response range and red the lowest,

The first model of the crystal detector consisted
of a 8-inch-diameter Mylar membrane stretched over
a plastic holder. The membrane was about 0.002
inch thick and had applied to it a thin metalized
film that gave the material a resistivity of approxi-
mately 400 ohms per square, The liquid crystal solu-
tion was sprayed onto the membrane,

Concentric bands

The membrane was placed about one inch in
front of a radiating X-band waveguide. When the
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Balancing act. Liquid c-ystals delineate standing waves along a transmissicn line. Real-time disglay enables line’'s load
to be adjusted for proper match. The standing wave smoothes out as the Inad is balanced.

encrgy radiating from the waveguide was increased
to about 20 milliswatts, distinet oval concentrie bands
of color appcared ¢n the membrane, The temper-
ature range represented by the transition from blue
to red is equivalent to a power spread of 7 decibels.
The shape of the beamm's cross section was quite
well-defined, The concentrie baneds could be ex-
panded or contracted by adjustinz the amount of
power from the waveguide, The energy density of
the beam's cross section was calibrated by compar-
ing the difference in radiated power to the change
in position of a particular color.

Tests using an N-band focusing antenna from an-
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other project further proved that useful information
on the <hape and position of the beam could be
obtained.

The menbrane’s efficiency ean be increased by
impedance matching, For essentially  plane-wave
incidence, the impedances can be matched exactly
by using a metal film with a resistivity of 377 ohms
per squere Hacked by a plane metal surface placed
onc-quarter wavelength from the film, This converts
all the incident energy to heat. Otherwise, the
amount of cnergy absorbed nrust be calculated,

tach color is the resnlt of a specific power density
Calibration cun, therefore, be achieved by makin




incremental changes in the power density and ob-
serving the color transitions,

Microwave fluoroscope

The liquid-crystal membrane could also serve as
the basic element in a microwave fluoroscope, which
could be used to find internal flaws or changes in
density or thickness of materials that are translucent

Colorful reflections. Area detector displays fringes set up by standing waves between antenna and reflector.

~

to microwave radiation. The instrument would be
simple to make.

The only active component would be the micro-
wave signal source. This source should be at X band
or above and be capable of delivering several watts
of average power to the power divider. Two lengths
of waveguide would feed two collimating antennas
opposite each other and a foot or so apart. Typically,

ANTENNA

POWER
DIVIDER
\ MICROWAVE
SOURCE

IEMBRANE +‘L

]
‘ ANTENNI\
|

!

IMPERFECTION

Microwave fluoroscope. Area detector between two radiating antennas pinpoints internal flaws in materials

partially transparent to microwaves.
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they would be lens-compensated horns with several
hundred square inches of radiating surface. Because
of the collimating effect, they radiate essentially
plane waves in the near ficld.

The plane waves, traveling in opposite directions,
createc a standing wave between the antennas.
Ideally, standing waves have troughs and peaks in
planes perpendicular to the direction of propaga-
tion, Now, if a liquid-crystal membrane is placed
completely in the plane of a standing-wave trongh,
minimum energy would be absorbed and the mem-
brane color would correspond to a minimum tem-
perature.

Seeing in depth

As the membrane is moved from a trough toward
a peak, the color changes as a result of the higher
temperatures, The miemibrane would have a uniform
color as long as it was kept in a plane perpendicular
to the radiation, Similarly, if a sheet of a uniform
diclectric material were inserted between one an-
tenna and the membrane, the membrane color
would change because of the added phase shift, but
remain uniform, However, if the dielectric material
weren't uniform, the membrane would display con-
tours of color caused by areas on the material having
significant deviations in phase or loss, Absolute dif-
ferences in loss or phase can be determined with a
calibrated waveguide phase shifter or attenuator
inserted ahead of one antenna,

For some measurcments, it may be desirable to
place the membrane at an angle to the direction
of propagation, This would cause a series of identi-
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Radiation modes. The mode pattern
appears on Mylar filr coated with liquid
crestals and placed in front of &

ra liating circular waveguide.

cal color bars to appear across the sheet. The num-
ber of bars depends on the angle of the sheet and
the microwave frequency. Now any nonuniformities
cause irregularitics to appear in the color bars, This
presentation gives some indication of depth as well
as cross section, Furthermore, a number of mem-
branes placed at right angles to cach other could
be used to coustruct three-dimensional images in
space.

Using only one collimating antenna would have
advantages for certain applications. A standing
wave in space is obtained by placing a uniform-
plane metal refiector a short distance in front of the
antenna. The membrane and the material to be
tested are placed between the antenna and the metal
plate. Veriations from a plane surface or just the
reflector can Le detected, as well as variations in
such materials coated on metals as rubber, cork, and
plastic paint.
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Another approach

This article is the second one pub-
lished in Electronics in recent
months on the subject of mapping
electric fields. In the April 15 is-
sue, Keigo lizuka of Harvard Uni-
versity’s Gordon MacKay Labo-
ratory described a method using
Polaroid film,

TIizuka exposes standard color-
pack film to white light and then
pulls it through the camera rollers
to start the development process.
He then quickly places the film,
covered with its black paper, in
the microwave beam. The areas
of high field intensity heat the
silver-halide grains and change
their developing speed by chang-
ing the rate at which the develop-
ing agent diffuses to the grain
sites. This produces variations in
the color corresponding to differ-
ent levels of field intensity.

On the fringe. Young's fringe pattern was produced here by putting
a film packet at the convergence point of beams from
two X-band horns set at a 90° angle to each other.

Hot tip. Picture of the heat
distribution around and in a
candle’s flame indicates that the
technique is based on
temperature dependence.

Scattering rod. Polaroid film depicts the electric field Mapped out. This 8.9-gigahertz incident field was
scattered by a metal cylinder 17 millimeters in diameter.  scattered by a metal sphere of 11.1 millimeters diameter.
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AVAILABLE NOW! AVAILABLE NOW! OVER 30 MILLION BITS OF MEMORY SHIPPED!

SCRATCH-PAD 35MHz
16-BIT MEMORY CELL 4-BIT SHIFT REGISTER

® Non-destructive readout ® }ligh speed -— shifting frequency typically 35MHz
® High speed — less than 25ns for interrogation or writing  Versatile — 4 operating modes
; bils d not be cleared bef it 5 serial out parallel out
® Write-over capability — need not be cleared before writing serialin or parallel in or
® Iligh fan-out — available with 20 or 40 milliamps Sense eparallel out serial out
Amplifier output m Shift-left/shift-right capability {(without external gating)
. . g B y M
® High noise immunity — typically over 1V ¥ High output drive capability — 20ma
® Full HLTTL ibili ® Low input current loading
. 1, T, compa.ubl y . ® Full HLTTL compatibility
® Available in ceramic Cual In-line package or Flat Pack B Two pin configurations — 7/14 (TSR2511 - 2514)
(TMC3162, 3163 and 3164) 4/10 (TSR2515 - 2518)
® Available in plastic Dual In-line package (TMC3162E, m Resettable version available — same packages and
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® Wired OR capability cn sense amplifier sutputs 7/14 (TSR2521 - 2524)
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" Interrogation — coincident matrix addressing B All units available in 14 lead Dual In-line package
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input of write amplifier to a logic 1" plastic package for 0-75°C use [suffix “E")

— S S S
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TFF 3221-24 Dual 35M1Hz JK flip flop (separate clock) l TDD 1100 BCD-to-Decimal decoder driver

TFF 3225-28 Dual 35Miiz JK flip flop (common clock) | TDD 1101 High-Current BCD-to-Decimal

TFF 3251-54 Dual 50MHz JK flip flop (separate clock) | decoder driver

TFF 3255-58 Dual 50M1Hz JK flip flop (common clock) Packaging: 16-pin Epoxy Dual In-line I
| TNG 8011-8014 Dual pulse shaper/delay AND gate package (suffix “E") hermetic Dual I t
| Packaging : Flat Pack (suffix “F") or In-line package (suffix “P") or r(l n Sl ro n
| Dual In-ling package (suffix “P") hermetic Flat Pack (suffix “F") electronic/Jcorporation
— S S - S R — 168 Albion St., Wakefield, Massachusetts 01881
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E'M Circuit Design and Packaging Topics

[J Police communications rely
on high reliability switches

[0 Numerical control demands

high-speed switching

O Police communications rely
on high reliability switches

The Fort Worth, Texas police depart-
ment communications center confirms
virtually trouble-free performance with
its new electronic switchboard console
system, a network relying on IBM logic
switching components.

Designed and installed by Fort
Worth’s Thomas Electronics, Inc., a com-
mercial sound contracting firm, the
police nerve center takes all incoming
citizens’ telephone calls, displays patrol
car deployment, then handles dispatch-
ing of cruiser assistance by radio.

Basic elements of the Thomas Elec-
tronics’ system are IBM wire contact
relays, selected specifically for their long
life, fast operation time, plug-in con-
struction and simplified serviceability.

In round-the-clock operation since
start-up more than 14 months ago, the
police system shows no internal failures
of IBM relays in a total of more than
10,000 hours of continuous duty or ap-
proximately 1,530,000 operations.

This endurance is fully predicted and
expected, however, since IBM specifies
wire contact relay longevity of 200 mil-
lion-plus operations.

Fort Worth’s police communications
system utilizes more than 130 multi-
pole 1BM wire contact relays. They are
emplaced in critical circuits for both
audio and control functions where over-
all operation of the system is affected.

View of Ft. Worth police communication cen-
ter with dispatchers at console stations and
city patrol car deployment screen in back-
ground.
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Tim L. Thomas, who heads the sound
contracting firm responsible for the
project, says about the use of IBM prod-
ucts: I can say without doubt that IBM
wire contact relays will handle audio
levels from a —30 db. to a +10 db. with
no problems whatsoever.” (0 = 1 mw
600 Ohm: standard db. reference).
Thomas Electronics also plans to subject
the relays to tests for levels down to
—55 db. for incorporation in extremely
low level circuits.

Thomas further adds, “We also found
that IBM is rather conservative in their
specification data as to temperature rise

Circles show where IBM wire contact relays
are mounted in the circuit contro! panels of
the police communication system console.
as several relays in the system stay
picked up to eight hours continuously
with the heat rise less than that speci-
fied.”

IBM’s compactly mounted relays and
associated hardware deliver a highly
efficient use of console space for the
Thomas-engineered project.

Each dispatcher station at the console
has its own drawer-like wired panel unit
containing the pluggable IBM compo-
nents which allows design freedom to
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alter or add to the switch configuration.

Since the same 1BM relay frequently
handles both an audio function and a
control (DC) mode circuit design and
service are simplified. The dual-purpose
single component also speeds access
for any diagnostic analysis required.

The Thomas-designed communica-
tions system demonstrates how IBM’s
standard modular system (SMS) gives
engineers numerous packaging options.
Most significant, however, is the proven,
dependable performance of 1BM com-
ponents working successfully to protect
the public.

IBM also offers a wide range of other
componentry, for many other types of
switching applications, from circuit
cards and relay elements to industrial
hybrid integrated circuit modules.

Time-tested, you will find that IBM
components deliver the exacting reli-
ability demanded for a broad spectrum
of design and packaging needs.

[0 Numerical control demands

high-speed switching

IBM wire contact relays were orig-
inally designed for data processing use.
Now they are also being used exten-
sively in machine tool and assembly
applications. One of these assembly
applications is a numerically-controlled
component insertion machine. It se-
quentially inserts random combinations
of up to 24 different types of axial lead
resistors and diodes into printed circuit
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boards. Such machines have been
widely used, often on a round-the-
clock, three-shift basis, in IBM’s elec-
tronic assembly operations.

Insertion rates range from 3,000 to
4,500 components per hour, depending
upon the type of components being in-
serted.

Instructions from an 8-channel
punched paper tape provide the logic-
input to the relay gate. The gate em-
ploys three rows of 6- and 12-pole IBM
wire contact relays. These relays control
the movement of each printed circuit
board through the X and Y axis position-
ing of the board for each component
insertion. They also control the com-
ponent feed, component insert,and cut-
and-clinch cycles for each insertion
operation.

IBM wire contact relays can perform
in excess of 200 million operations with
an operate speed as fast as 4.5 ms, a
release time of 5 ms maximum. The
product line includes 4-, 6-, and 12-pole
Form C relays, 4- and 6-pole latch
models, all with compact, solderless,
pluggable mountings—with coil-volt-
ages up to 100 VDC.

IBM Industrial Products Marketing Dept. E624

1271 Avenue of the Americas
New York, New York 10020

name

Dust covers are available for various types of
IBM wire contact relays. The six-pole model
above is shown with cover partially removed.
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di/dt capability 10 times industry's best
EVEN WITH LOW POWER GATE DRIVE

NATIONAL INVENTS THE
REGENERATIVE GATE SCR

NATIONAL ELECTRONICS, INC. regenerative
gate SCR is the only SCR that will give

600 amps/p sec. when tested according to
JEDEC SUGGESTED STANDARD NO. 7
Section 5.1.2.4. This is a di/dt rating at

three times the peak on-state current and

% the switching loss of any SCR now on

the market. No sacrifice is required in gate
drive, turn-on time, turn-off time or any
other characteristic. Presently available in
55 amp and 110 amp SCRs.

NATIONAL® manufactures SCRs from

16 amp to 470 amp.

*Patent Pénding

4 ™)

NATIONAL

ELECTRONICS, INC.

REQUEST BULLETIN

a varian subsidiary

PHONE: (312) 232-4300 - GENEVA, ILLINOIS 60134
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Instrumentation

Finding leaky IC’s on p-c boards

Experimental test method uses a high-dielectric gas

and capacitance measurements to single out faulty devices

By Frank L. Girard
Hughes Aircraft Co., Culver City, Calif.

Glee club directors face a dilemma of detection
when they hear the harmony breaking down. It’s
hard to single out the off-key culprit while every-
body’s singing, and listening to each man individu-
ally would take too much time.

The same dilemma is encountered by users of
hermetically sealed integrated circuits. It’s hard to
single out the leakers from among many devices
assembled onto printed-circuit boards, and leak-
testing each 1C before assembly is often totally im-
practical. And when a leaky device is suspected, re-
mnoving it from a p-c board is no help, because this
process itself may damage the seal.

Although manufacturers leak-test their IC’s, some
users find they must also do their own testing. Users
may have to test the devices after they’re built into
equipment because the maker may have checked
only a sample of the shipment or the 1C’s may have
been damaged during handling.

Soon, however, the user’s dilemma may be re-
solved by a gas-capacitance leak test developed and
used experimentally by the Hughes Aircraft Co.
This new technique can find leaky IC’s already as-
sembled onto p-c boards. And it can be imple-
mented with equipment already on hand.

The new method’s basic approach is simplicity
itself. IC’s or IC assemblies are exposed to a gas
with a high dielectric constant, and each module’s
capacitance is measured. If an IC leaks, its capaci-
tance changes as the gas enters and leaves the pack-
age. The method takes several hours in its present
stage, but would be made quick enough with instru-
mentation that could detect, say, 10—3 picofarads
instead of 10—3 pf currently.

Present procedures

Conventional leak testing is divided into two cate-
gories: fine and gross. In fine-leak detection, the
modules are exposed to helium or radioactive kryp-
ton. Leaky modules absorb these gases; mass spec-
troscopy or Geiger-counter techniques indicate leaks
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by detecting any gas escaping from these modules.
Because a number of modules are tested in a cham-
ber at the same time, individual leaky modules can
be identified only by subdividing the sample for
more testing. This problem can be alleviated by
using a separate enclosure and gas line for each
module. Fine-leak detection methods are relatively
slow, requiring at least four hours.

For gross leaks—greater than 10—° atmosphere-
cc/sec—entirely different procedures are used. In
one method, for example, the suspect modules are
immersed in a hot liquid and an observer looks for
gas bubbles from leaks.

CONDUCTING
PLATE, A

b

N

p
DIELECTRIC (OF
DIELECTRIC
CONSTANT, K)

N\
CONDUCTING
PLATE,B

Basis. Leak-testing method considers integrated-circuit
module equivalent to a parallel-plate capacitor.

Both these conventional approaches are of ques-
tionable value for detecting leaky modules already
attached to circuit boards. The boards themselves
may entrap relatively large quantities of the test-
ing gas, masking the existence of leaky modules.

Theory of detection

Such modules as dual in-line IC packages can be
readily leak-tested with the gas-capacitance method.
This is done by considering the conducting ele-
ments of the IC package as a parallel-plate capaci-
tor. The module’s internal volume of about 0.15
cubic centimeter is formed by the circuit itself, with
its associated leads on the bottom and a metal
cover on top. An insulating ceramic separates the
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VOID,NORMALLY
FILLED WITH DRY
NITROGEN

————A,METAL COVER

—=—— CERAMIC

B, MOSTLY BROAD,
METALLIC LEADS
CONNECTED TO SMALL

CONNECTOR
PINS INTERGRATED CIRCUIT

Void. High-dielectric gas increases dielectric
constant of dry nitrogen that normally fills IC’s void.

top and bottom. The void, normally filled with dry
nitrogen, corresponds to a material with dielectric
constant k. Thus, capacitance exists in the module,
as shown above.

The capacitance of a parallel-plate capacitor is
directly proportional to the product of the area, a,
of the conducting plates and the dielectric constant
of the material between the plates, divided by the
separation, s, of the plates.

Co:ﬁ
s

Since capacitance is directly proportional to the
dielectric constant, a fractional change in k, area
and separation remaining constant, causes the same
fractional change in C. The dielectric constant of
dry nitrogen under standard conditions is nearly 1.
If this dry nitrogen was replaced by or mixed with
a gas that raises the dielectric constant 1% or 2%,
the capacitance of the module also increases 1%
or 2%. Based on the simple parallel-plate concept,
calculations of the capacitance of a dual in-line
package put it at about 1 pf, and actual capacitance
measurements correlate closely.

610 e ACETALDEHYDE VAPOR VESSEL.
6.00 - (A)INTEGRATED
CIRCUIT MODULE
WITH LEAK
RATE =~3x107%
5.90 |- ATM-CC/SEC
f 5.80
w
o
=
as570 F
o
(]
=

(B}INTEGRATED

U [, CIRCUIT MODULE
: WITH LEAK RATE
— <107 ATM-CC/SEC
047 550 f ) o x
.
Sw {C)DIFFERENCE
S BETWEEN
w3 037 540 } A AND B
Lo i k
Te
0.27 530 1 1 , :‘

!
0 8 16 24 32 40 48
HOURS —

Buildup. Leaky IC’'s capacitance increases as gas
enters module and decreases when gas exits.
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Several gases have dielectric constants 1% or 2%
higher under standard conditions than dry nitrogen
or air. If such a gas is introduced into an IC module,
with a partial pressure approaching one atmos-
phere, the capacitance of the module can be ex-
pected to increase a maximum of 1% or 2%. Experi-
ments using acetaldehyde (dielectric constant 1.02,
vapor pressure 750 millimeters of mercury at 21°C)
indicate that his does indeed happen. The module
under test was placed over an open reservoir of
liquid acetaldehyde in an airtight vessel. The graph
below shows results of one experiment.

Pressure problems

Because pressure in the chamber may be greater
than that in the module, the plates may be pushed
closer together—changing the capacitance—even if
the seal is perfect. These capacitance changes that
result from pressure must, of course, be separated
from those that result from leaks. This separation
is accomplished by varying the chamber pressure
before the gas is introduced; capacitance changes
that result from pressure can then be measured and
calibration curves established.

Improving measurement sensitivity to speed the
process needn’t necessarily await development of
instruments to detect 10—% pf. Operating at higher
pressures—if the effects on geometry could still be
controlled at these pressures—would increase the
dielectric constant of the gas and make it penetrate
a leaky module faster.

Another way

The gas-capacitance leak test isn’t suitable for 1C
packages that don’t have metal caps and are en-
closed almost completely by ceramic or other in-
sulating material. However, a testing method suit-
able for these packagcs is also being considered at
Hughes. It’s still in the theoretical stage.

In this procedure, called condensable-vapor con-
duction, a layer of material whose conduction can
be easily measured is deposited over and between
the internal circuit elements and leads of a module.
This changes the device’s electrical characteristics,
presumably by shorting, in an easily determined
manner.

The specifications of most, if not all, modules re-
quire that they tolerate temperatures from —55°C
to 175°C. More than 80 stable inorganic compounds
have been selected that have vapor pressures of at
least an atmosphere but condense in this tempera-
ture range under vapor pressure of less than 0.1
atmosphere. Within these temperatures, then, one
of these compounds would fill a leaky module with
its vapor.

The temperature of the module would then be
lowered to a point in the given temperature range
where the compound would condense, forming a
coating about 100 layers thick on the inside surface
of the module’s cavity. Because the condensable
compound conducts, its presence inside the module
could be determined. Time-temperature vs. current
curves would indicate the leak rate.
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"The difficulties of speaking foreign
languages are no barrier

to selling integrated circuits overseas.
You have to know how to listen,

not talk to meet a customer’s needs!
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acdc: Now in its third year of forever.

If you’d like to have our 1968 catalog, write to ACDC Electronics, Inc.,
2979 Ontario Street, Burbank, California 91504. Or telephone (213) 849-2414,
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At ECI! in St. Petersburg, Florida...
RF Communications Opportunities

For a special breed
of engineer

If you're one of that special breed of communication ¥
engineers who finds a challenge in projects beginning ' 3\
with applied research and advanced development \
and continuing through prototype and product design,
you may well be the kind of person we're looking for.
Check this partial list of RF engineering

activities at ECI. If you'd like to help push the
state-of-the-art in any of these or other areas in
communications, send us your resume. You'll design
systems and equipment for satellite communications,
multiplexing, electronic switching, command and
control and advanced radio communications for some
of the nation’s major defense and space programs.

RF Communication Engineering Activities:

* Modulation and Demodulation
* Frequency Synthesis

* Solid State Power Amplification
* Hi Power Amplification

* Power Supply Technology

* Receiver Front End Design

® Packaging and Cooling

¢ Microelectronic Applications

¢ Reliability Techniques

CHALLENGE, GROWTH . . . and LOCATION TOO!

At ECI your job will be challenging. At ECI you'll
find real opportunity for growth instead of just
another confining groove — two-thirds of all advanced
development is done in regular engineering
development areas. And, at EC| you'll like where
you're living just as much as you'll like your job.
We'll match subtropical, sunny St. Petersburg
against any location in the U. S. for stimulating,
comfortable living.

SEND YOUR RESUME TODAY — in confidence —
to K. E. Nipper, Supervisor of Professional Placement,
Electronic Communications, Inc., P. O. Box 12248,
St. Petersburg, Florida 33733.

(An equal opportunity employer, M & F.}

ELECTRONIC COMMUNICATIONS, INC.
ST. PETERSBURG DIVISION
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How to use the Singer model SSB-50-1
Spectrum Analyzer to monitor tone level

in a multiplexed communications system

A high resolution spectrum
1, analyzer allows monitoring of
any number of multiplexed
channels without repetitive meter
readings or painstaking adjust-
ments. As a first operating step,
the analyzer's accurately cali-
brater frequency dial is precisely
tuned to the center frequency
of the channel.

ebbbbrb,

The high resolution of
the Singer Model
SSB-50-1 provides
this clear display of
the multiplexed
channel. The ampli-
tude of each sub-
carrier is shown as a
function of frequency.
The display
demonstrates
complete

operational readiness
at a glance . ..

A selector knob sets the frequency scale
in one of five settings from 15Hz/ division
to 1.4KHz/division. Interlocked circuit
functions in the analyzer automatically
optimize the display for any setting of

the frequency scale.

4 . . . but often a subcarrier level changes
e with a resulting communications malfunc-
tion. This display on the CRT shows
that one subcarrier's
level is down 12 db.
Another is over the
predetermined 5
acceptable level. °

Because the entire spectrum is
continuously visible on the display, a
lost channel shows up instantly . .. A

frequency range of 10Hz to 40 MHz
makes the Model SSB-50-1 an
invaluable tool for this application
and for general laboratory

or field use.

Model MF-5/CA-5-1
Spectrum Analyzer
display section
(features high
resolution/ low
distortion and 70 db
dynamic range)

Model RF-8 Tuning
Head (highly stable
LO with coarse and
vernier two speed
tuning from 2 MHz
to 40 MHz . . . usable

to 200 MHz)
testing single

Panoramic’
sideband A L :
transmitters ‘ r S l
Model REC-2 Range g I q G E R

Extending Converter 1 e INSTRUMENTATION

(extends the tuning The Singer Company, Metrics Div.,
range down to 10 Hz) 915 Pembroke Street, Bridgeport, Conn. 06608 (203) 366-3201

Model TTG-3 Two-
Tone Audio Generator
20-20,000 Hz
frequency range and
IM distortion of less
than 70 db for
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o
Packaging Sales, The Dow Chemical Company, Midland, Michigan 48640.

Try this on your fragile parts.

Pelaspan-Pac® loose fill packing. It weighs 3 to 6 times less

than most other dunnage. It won't absorb water. It cuts ship-
ping losses. Because it's highly shock-resistant, and it inter-
locks to prevent settling. It cuts cleanup, 0. Because it's

clean, nondusting and noncorrosive. Write for details.

<>
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NOW plugin up to
2048 bits, at a speed of
8 MHZz for less than

5¢ per bit, with built-in

TTL interface.

New Low Cost CORNING' Digital Memory Modules.

Fast Available Delay Time
Available
At 64 psec. 128 usec. 256 psec.
4 MHz 256 Bits 512 Bits 1024 Bits
8 MHz 512 Bits 1024 Bits 2048 Bits

These are standard. Custom modules available up to 4096
bits and up to 16 MHz.

Easy. Just plug one in and you have serial storage. All the
circuitry to interface with TT Logic is built in. You need no

special power supplies, no voltage level shifters.

Low Cost. In the 1000 module bracket, for 2048 @ 8 MHz,

134 Circle 134 on reader service card

each bit costs less than a nickel. More modules—Iless cost.
Even in 100 piece quantity, each bit costs less than a dime.
And it's your only cost.

Stable. The medium is proven CORNING" Zero-TC glass.

Here now. These are performing products, not promised
potential. Write for full data sheets, or to see our man with
samples. Corning Glass Works, Electronic Products Div.,
Advanced Products Dept., Raleigh, N.C. 27602. Telephone
(919) 828-0511, Ext. 262.

CORNING

ELECTRONI
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This good regulator circuit . . .

w\

+V Vv

REGULATED
OUTPUT

/

MWWV '

can just be improved . . .

7
REGULATED
ouTPuT

or it can be optimized!

\

j

REGULATED
OUTPUT

j

Now optimize all 709 circuits by using the
NEW compensationless RA-909.

It’s a pin-for-pin replacement offering a faster slew rate,
lower power dissipation, better transient response, greater D. C. gain stability,
and a noise level so low that we’ll even publish it (see below)!

The regulator circuit above is only one example of how
you can optimize your present designs by using the
RA-909. Design it into any circuit where you would
use a 709 or use it as a replacement in equipment
already in use. It's in an eight pin TO-5 and a TO-86
flatpack configuration. Both have blank leads where
the 709 and 101 require compensation. This permits
you to use the RA-909 even though compensation
networks are already on the circuit board. And you'll
find that the cost is competitive.

Sales Offices: 600 Old Country Road, Garden City, N.Y. 11530, (516) 747-3730 — 2600 Vir

The new RA-909 is dielectrically isolated and incorpo-
rates vertical PNP and NPN transistors in the same
monolithic structure. These processes el<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>