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Are you WESCON-bound...or
are you desk-bound? Either way,
this year's show has a lot to offer
you. Maybe you need a low-cost
plastic transistor or a hot new
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laser...or perhaps you would like
to catch up on LSI, MOSFETsSs,
LISA and BARTD. For a rundown
on these and other show high-
lights,see WESCON USA (p. U65).
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560 — Telemetering low pass
fllter Avallab|e from 400 —
to + 7.5% band-
wudth flat “to"1 db. Attenua-
tion greater than 35 db be-
ond the 2nd harmonic of —
.5% frequency. Impedance
87&( ohms. MIL-F-183278. Wt.
.8 oz.
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Low frequency band pass fil-
ter. Designed for 2.5 cps
center frequency. At 2 to 3
cps within 3 db. At 1.5 cps
and lower, and 4 cps and
higher, greater than 30 db.
Source and Load 10K ohms.
Size: 4 x 4-11/16 x 6”. MA
MIL case, MIL-F-183278.
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Band pass 400 cycle Gaussian
filter. Linear phase response
in pass band. Attenuation
380 cps to 420 cps within 0.5
db. 2nd harmonic down 25
db, 3rd harmonic down 45
db. Source and load 5K ohms.
MIL-F-18327B Wt., 0.9 Ibs.

Write for catalog of over
1,300 UTC TOP QUALITY
STOCK ITEMS
IMMEDIATELY AVAILABLE

from your local distributor.

30 20 -0
CYCLES ~DEVIATION FROM 4001V

Minimum phase shift 400
cycle band pass filter. Within
1.5 db 370 to 430 cycles,
greater than 45 db beyond
1100 cycles. IK ohms to 100K
ohms. MIL-F-18327B; | Ib.
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IOKC 100KC
FREQUENCY

IMC 2MC

High frequency low pass fil-
ter. Zero to 700 KC within
1 db. 1.95 mc to 10 mc 40
db minimum, Source and
Load 1000 ohms. Molded flat
construction for printed cir-
cuit applications. Size: 1 x 2 x
1”; Wt: 1 oz. MIL-F-18327B.
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Band reject filters (two
shown). The 1050 ~— filter
has 50 db attenuation and is
only 3 db at 950 and 1150
cycles. The 12.75 KC filter
has more than 100 db at-
tenuation and is only 3 db
at 10.8 and 15 KC. Source
and load 600 ohms, both are
MIL-F-18327B.

FILTERS

CUSTOM BUILT

T0 YOUR
SPECIFICATIONS

ILLUSTRATED ARE
TYPICAL SPECIAL FILTERS

RANGE OF FREQUENCIES ON SPECIAL UNITS
IS FROM 0.1 CYCLE TO 400 MC.

Over thirty years of experience in the design and
production of special filters have resulted in UTC
being a first source for difficult units. Present
designs both military and commercial incorporate
a wide variety of core structures, winding methods,
and capacitors to provide maximum performance,
stability, and reliability. Fully experienced, top en-
gineering talent backed by complete environmental
testing and life testing facilities assure the highest
standard in the industry. Full analysis and evalua-
tion of materials are conducted in UTC's Material
and Chemical Laboratories. Rigid quality control
measures coordinated with exhaustive statistical
findings and latest production procedures results
in the industry’s highest degree of reliability.

MILITARY AND COMMERCIAL TYPES FOR
EVERY PHASE OF THE ELECTRONICS ART

POWER TRANSFORMERS ¢ AUDIO TRANS-
FORMERS e INDUCTORS ¢ PULSE TRANS-
FORMERS e ELECTRIC WAVE FILTERS e
LUMPED CONSTANT DELAY LINES e HIGH
Q COILS » MAGNETIC AMPLIFIERS e SAT-
URABLE REACTORS e REFERENCE UNITS

UNITED TRANSFORMER CO.

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

ON READER-SERVICE CARD CIRCLE 243



See New hp Instruments

Attens Measurement Seminars

WESCON—Hollywood Park

 ac

low-level dc

ON THIS SOLID-STATE 11" x 17” X-Y RECORDER

100 wv/inch dc sensitivity

5 mv/inch ac sensitivity
1-megohm input resistance
high common mode rejection

The Moseley Division 7000A Recorder ac-
cepts dcor ac signals on either or both axes,
offers dc cmr of 140 db, ac cmr of 120 db.
Potentiometric input available on six most
sensitive ranges; accepts roll chart and
other accessories for maximum versatility.
Internal time base switchable to either
axis, featuring automatic reset, adjustable
sweep length, automatic recycling.

Other features of the 7000A include ex-
tended zero offset with calibrated steps,

maintenance-free AUTOGRIP* electric
paper holddown, sturdy, compact construc-
tion.”Also available from current produc-
tion is the Model 7001A, identical to the
7000A except for the omission of ac input
ranges. Metric and rack mount models
available, as well. Price, 7000A, $2495;
7001A, $2175.

*Trade Mark Pat. pend.

Data subject to change without notice. 948
Prices f.0.b. factory.

HEWLETT |

PACKARD @ MOSELEY
DIVISION

ON READER-SERVICE CARD CIRCLE 2
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Some things are better flat.

Like flat cable assemblies
from ITT Cannon
(They’re going places!)
Today’s requirements for high-density,
highly sophisticated electronic circuitry
create a big,
pressing need for
reliability and
the many other
advantages of o
flat cable. One case in point:
missile systems, guidance computers.

Flat cable is strong. Tough. Thin.
Dissipates heat quickly. Fits into corners,
turns sharp angles, reaches into
small, irregular or very thin spaces. ..
places where wire bundles can’t go.
Now, thanks to FLEX-WELD®
flat cable assembly and the engineering
and manufacturing capabilities of ITT Cannon:
* You can order flat cable assemblies,
reliably terminated to flat,
circular or D Connectors of any size or type.
Terminations are welded
through the insulation, without stripping,

to form a bond strong WELDED. THROUGH INSULATION
as the cable material itself.
¢ You can order flat cable soLoeR

assemblies in whatever quantity,
size or shape you need them.

Centers to .050". Every assembly is
fully tested for reliable performance.

Turn your complex interconnecting problems
over to ITT Cannon’s staff of flat cable specialists.

Send details of your application or

write for literature. ITT Cannon Electric,

3208 Humboldt Street, Los Angeles, Calif. 90031.
A Division of
International
Telephone and =
Telegraph Corp. m——

. cannon I'TT

i, FLEX-WELD IS A REGISTERED TRADEMARK OF DIGITAL SENSORS, INC.
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13 News Scope

11174 Challenge to transistors in logic circuitry
Magnetic thin-film devices can give higher density with a reduction in power
and manufacturing costs.

21 IC activities filling gap between IF and microwaves
Inductive transistor and silicon-on-sapphire circuits spur speculation about
high-frequency IC applications.

24 Reliability integrates with design
Drive intensified to prepare engineers to design with an eye on reliability.

31 Washington Report

34 New theme—music on a cathode-ray tube

44 Fog! Diode laser signals warning.

54 Letters

63 Editorial: The UFO puzzle: time for a technical evaluation
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180 Stabilize gain in dc amplifier by making it depend solely on supply voltage
and temperature. Low input current and high collector resistance are needed.

186 Cure switching system noise problems with this straightforward procedure for
isolating switching circuits from power line noise.

192 Cut transistor replacement costs due to device failure. Use safe-operating-area
principles to design power-transistor switching circuits.

200 Check the parameters of pads graphically with a set of charts that show the
errors in terms of percentage errors of the pad resistors.

206 Measure thermal resistances to find the maximum power that your integrated
circuit or discrete transistor can handle.

210 Rid mixers of spurious signals with the aid of cross-product traces that reveal
the position and significance of all signals within the band.

218 Check off the human factors design of your electronic system—big or small—
by using this conveniently classified compilation.

232 Ideas for Design
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259 Production Equipment 275 Microelectronics
262 Systems 277 Semiconductors
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NEW TWISTER...
ACCURATE TIME/COUNT CONTROL

New and consistently better! At the left is
the new face of our famous Microflex® reset
timers and counters. High-visibility, direct
reading dials enable you to make highly accu-
rate settings, easier! The larger, 20-turn scale,
for example, may be in minute divisions with
the inner in seconds. Settings as short as 3/yoth
of a second with == !/oth second accuracy are
readily obtained. Other dial selections to 120

MINUTES hours are available. After the desired pre-set
time period, a variety of 15 amp. contacts can be
opened or closed to control motors, solenoids,

SECONDS valves, etc. Uniform new lettering and attractive
neutral grey color make units compatible with
all other Eagle Signal types and with your most

New Microflex advanced machine designs. For full details about
T',’;‘igjgcn?,;,':;e' these new timers and counters, use Reader
accurate Service Card, circle number 50.

settings,
easier!

/" TURN...TURN...TURN... '

R R

HZE0AG CLUTCH

COUNTER

And not one turn too many! The operating characteristics of radio tuning
coils depend on precise winding techniques. The Man from EAA.G.LE. did a
good turn for a leading manufacturer when he suggested the system shown
above. Using a Microflex counter, variations in motor speed resulting from
wire tension changes are taken care of . .. and an accurate product is
produced each time. The operator merely needs to set the high-visibility dial
and press the button. The arbor turns the pre-set number of revolutions and
stops automatically. In this system, the Microflex counter controls brake,
clutch and motor. Complete information is in Bulletin 730. For a copy, use

Reader Service Card, circle number 51.

DOUBLE IT? NO! CUBIT ...

Years ago, a cubit was the distance from a man’
so(;smnr\ll%lg the end of t]is middle finger. Even then, it mighatnr?a\?zleb(t):ket:
e two midgets’ cubits to make one basketball player's cubit. But
now a cubit is a standard 18 inches. That's why the Man from
PEETSROLL E.A.G.L.E. didn’t have any trouble when a manufacturer of pack-
aging materials asked him to control the length of strapping
s being fed to a wrapping machine. The operator merely sets

9 MAGHINE a Model 91 timer for duration of time that will give him the

number of feet desired and presses button. When the pre-

scribed length is reached, the timer stops the strapping gl;led

(S:ﬁntrols a flying knife, which precisely cuts the strip. Model

MODEL 91 TINER inlormition. i BAllstn 1544 For 8 copy, cirE. Heaes
i etin 3 i

Service Card Number 52. oo atbons A

The Man from E.A.G.L.E. would lik i

| JEAG.L.E. e you to see his com-

plete showcas;e of process control ideas. May wle genmd

i;::ou gur;ata!og. For your copy, use the handy Reader Serv-

Siegnalarl)i'vis::i'(:gleEnsvmg?'r 53(.: or write directly to Eagle
, E. W. Bliss

o s A0 ompany, Federal Street, Dav-

LITEY [+ [ERGLE SIGNAL

A DIVISION OF THE E. W. BLISS COMPANY

See the Man From E. A. G. L. E. at Booth 1019 (Sports Arena) WESCON SHOW
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UNDERCOVER OPERATOR

22AP Plug-in General Purpose Relay

ship and

DC and pla

F

specials on
have gold-p|
shelf life; o
70% of nominal
nal); AC
250, DC 0.2 to 130

fr

formation is in o
tin. For your cop

ic

B ——

25P$ Medium Power Relay
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RELAY DESIGNERS' RELAY

25AA Open Frame General Purpose Relay

e man from E.A.G.L.E. to open
ﬁls: t"‘.|showcase" of ideas for you.
Many can help solve your process
control problems. Want our com-
plete catalog? Use the handy Reader
Service Card, circle number 57 or
write: Eagle Signal Division, E. W,
Bliss Company, Federal Street, Dav-
enport, lowa 52803.

e S— e

. . the epitome of relay craftsman.
design. Versatile to the Nth-
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... and boy what a relay it is! Ve,r-
satile, dependable, economical. You'll
find hundreds of uses for these 5 or
10 amps., UL listed high-reliability
types. Standard units have gold-
plated contacts which permit longer
shelf life. Other significant features
include: lower pull-in voltages (DC:
70% of nominal, AC: 75% of nomi-
nal). AC operating voltages 0.5 to
250, DC 0.2 to 130 in current ranges
from .005 to 10 amp. Detailed speci-
fications on these and other Eagle
Signal general purpose relays are
given in a new technical bulletin. For
your copy, use Reader Service Card,
circle number 56.

SPECIFICATIONS

® Contacts: SPDT, DPDT, 3PDT
® Contact Rating: 5 and 70 amps.
® Pull-in: 22 milliseconds average

® Drop-out Speed: 72 milliseconds

average

® Size: 1% x2)grx 13y
® Weight: 3 onces

PARTNER  \

*,
Q

SRR

SPECIF!CATIONS
® Contacts: SPDT
® Contact Rating

VAC 60 cycle
775/230 vAC

* 20 amps. 775/239
resistive @ 1 Hp @
motor-inductive

® Pull-in: 50 milliseconds max.

® Drop-out Speed: 50

millisecongs
max,

® Size: 214 « x %" x 734°

® Weight: 3 ounces

SPECIFICATIONS

® Contacts: SPDT, DPDT, 3PDT

ing: 75
® Contact Rating: 5A and 10A @ 7
VACe5A-1/10 HP @ 715 VAC, 1/6
HP @ 230 VACe®10A-1/6 HP @ 115
VAC, 1/3 HP @ 230 VAC

® Pull-in: 22 milliseconds average

® Drop-out Speed: 12 milliseconds
average

e Size: 114" x 1%," x IVZ'

® Weight: 2 ounces

k.

BLISS

EAGLE SIGNAL

¥
A DIVISION OF THE E. W. BLISS COMPAN

See the Man From E. A. G. L. E. at Booth 1019 (Sports Arena) WESCON SHOW
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What do you want
from a new
operational amplifier?

More gain?

Lower long-term drift?

Predictable performance at
extreme temperatures?

Tight little package?

Reliability?

Added dividends?

If that’'s whatyou want, you need Hamilton Standard’s
A-505 operational amplifier. It meets all these expecta-
tions and more. We'll send you a data sheet free. And a
sample unit for $95.

Hamilton Standard

BROAD BROOK, CONNECTICUT

Say 1,000,000 (120 db)?

Like less than 100 xV/60 days?

How about specs that apply
from —55°C to +125°C?

Would you believe 3.5 grams
in 2cc?

Like you can get from solid state silicon
design in an all-welded MicroCircuit Pack™?

For example, =10 volts output
at bmA; short circuit protection?

For technical data, price and delivery, write to
Marketing Manager, Electronics Department, Hamilton

| Standard, Broad Brook, Connecticut 06016; or call

direct: (203) 623-1621, Ext. 6106. TWX: 203-623-0879.

U Examine the A-505 on display
DIVISION OF UNITED AIRCRAFT CORPORATION at WESCON, Los Angeles
g Sports Arena, August 23-26.

ON READER-SERVICE CARD CIRCLE 3
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A BILLION STANDARD
POTS AND TRIMMERS?

(well, would you believe 211,209,0777)

Of course a number like two hundred million needs
explaining. But if you study the Spectrol Catalog
and count up such options as mountings, gangable
combinations, resistance values, terminal variations,
and other available features, you will find that
Spectrol offers you 211,209,077 standard potentiom-
eters and trimmers to choose from. But even as one

of the industry’s leading sources for “standards;

,,,,,,,

Spectrol still maintains technical leadership in the
design and production of “specials’” And, the Spectrol
double-edged capability doesn’t stop there. For no
one else can offer you a broader series of miniature
rotary selector switches designed for direct printed-
circuit-board application, or more accurate, more
readable turns-counting dials.

Still don’t believe? Sorry about that. But make your
own count. Write for a Spectrol Catalog...or pick
one up at our Wescon Booth 1201-1202.

Spectrol Electronics Corporation Spectr0|
17070 East Gale Avenue

City of Industry, Calif. 91745

ON READER-SERVICE CARD CIRCLE 4



NAND logic is old hat.

We’ve invented SDS Natural Logic for our T Series So you won’t need nearly as many circuits to
integrated-circuit modules. It’s a comprehensive  build your logic system. Your system will cost you
set of gating structures that permit the terms of any  a lot less. It will be faster and more reliable. It will
Boolean logic equation to be converted directly be easier to mechanize. And it will take up less
into hardware. room.
Now you won’t have to manipulate equations to Naturally.

make them fit the restrictions of NAND or NOR
gates. With Natural Logic the hardware fits the

Scientific Data Systems

1649 Seventeenth Street, Santa Monica, California

equations WlthOUt unnecessary iI’lVCrSiOI]S, Offices in principal cities throughout the world

With NAND logic you are With T-Series NATURAL
stuck with only this, no logic you have all these to
matter what the equations choose from at a lower
call for. f price per circuit
A
A et
Q
B NAND g E Buffered
.
b Buffered
Q= OR Gate
A

o<}

: Buffered

C = A*B + C°*D
D Buffered AND/OR

C —— ————————
D | Q=2ABFCD
Inverted AND/OR

1IJ.
\/

= >

|




ERIE

TECHNOLOGICAL

PRODUCTS, Inc

ON READER-SERVICE CARD CIRCLE 5

<€ ON READER-SERVICE CARD CIRCLE 213




==

0.9

This is the typical wideband noise figure of Sprague Types 2N4383
and 2N4384 high-gain, low-level NPN silicon epitaxial planar tran-
sistors. Maximum NF is 2.0 db, one db lower than the type that has
been the industry’s most popular high-gain, low-level transistor.

Sprague Electric also offers Types 2N4385 and 2N4386, with
noise figures of 1.0 db typ., 3.0 db max.

ey A 2N4383 2N4384 2N4385 2N4386

HRBCAR St s (TO-5 Case) |(TO-18 Case) | (T0-5 Case) |(T0-18 Case)

BVceo Ilc=10uA 40V min. 40V min. 40V min. 40V min.

BVceo Ic =10mA 30V min. 30V min. 30V min. 30V min.

Icso Vcs =30V 10nA max. | 10nA max. | 10nA max.| 10nA max.

lEeBO Veg =5V 10nA max. | 10nA max. — -—

hre Vce=5V, Ic=1uA 60 min. 60 min. - —

heg Vce=35V, Ic=10uA 100 min. | 100 min. 40 min. 40 min.

hgg Vce=5VY, Ic=1mA 120 min. 120 min. 100 min. 100 min.

Vce=5VY,Ic=10uA, rg =10K(Q,
NF Bandwidth =10 Hz to 15.7 kHz 2db max. | 2db max. | 3db max. 3db max.

Evaluate these devices without delay. They’re available now
in production quantities. Call your nearest Sprague Electric
district office or sales representative for prices and delivery.
Or, write Marketing Dept., Semiconductor Division, Sprague
Electric Company, Concord, N.H. 03302.

SPRAGUE COMPONENTS

TRANSISTORS PULSE TRANSFORMERS
CAPACITORS INTERFERENCE FILTERS
RESISTORS PULSE-FORMING NETWORKS
INTEGRATED CIRCUITS TOROIDAL INDUCTORS

THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS

4s5-6144

10

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

ON READER-SERVICE CARD CIRCLE 6

SPRAGUE

THE MARK OF RELIABILITY

Sprague and @ are registered trademarks of the Sprague Electric Co
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Electronic music can now be composed on a Engineers urged to become reliability men
CRT and played on a computer. Page 34. as well as designers. Page 24.

Also in this section:

Magnetic thin-film logic devices challenge transistors . . . Page 17.
ICs looking to break the frequency barrier . . . Page 21.
Diode laser warns of fog . . . Page 44.

News Scope, Page 13 . . . Washington Report, Page 31 . . . Editorial, Page 63.
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New from Sprague!

.
£
|
X

\ 5x actual size

.
%

%

4
:

S ‘z& 2

,

N
METANET :<cision resisiorn NETWORKS
Save Space, Time, and Money

@ High packaging density—4 to 8 times that ® Extremely stable and reliable. Meet perform-
of individual components. ance requirements of MIL-R-10509E. Resistance

2 tolerances to ==1%.
® Fewer components to stock, handle, inspect, Yo

install. Entire module can be hand-inserted ® Ceramic capacitors can be incorporated for
faster than one axial-lead component. further savings and size advantages over indi-

: ¢ . ; vidual components
® Permit substantial savings over equipment P

assembled with individual components. e ® @

@® Epoxy terminal board keeps pin terminals For complete information write to
free of resin coating, unlike conventional dipped Integrated Circuit Application Engineering Dept.,
components, and provides uniform lead spacing. Sprague Electric Company, 347 Marshall St.,

® Stand-off bosses permit efficient flux removal North Adams, Massachusetts 01248

after soldering. Also prevent dirt and moisture
traps around leads.

SPRAGUE COMPONENTS

CAPACITORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY

THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

ON READER-SERVICE CARD CIRCLE 7
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F-111 delights Air Force;
Navy calls it overweight

What’s good for the Air Force
may not be good for the Navy. Par-
ticularly if it happens to be the
F-111B. But the fourth version of
the F-111B aircraft, recently flown
for the first time, is lighter than
its developmental predecessors and
has been redesigned for high lift.

The F-111 is the outcome of Sec-
retary Robert McNamara’s plan to
save $1.5 billion in development
costs by designing one aircraft for
both the Air Force and the Navy.

The Air Force is delighted with
its new plane, the F-111A, but Navy
officials have been grumbling for
months that their F-111B is a num-
ber of tons too heavy for landing on
aircraft carriers. Reports place its
overweight at from three to seven
tons above the prescribed optimum
for a landing deck.

Grumman Aireraft, builder of the
F-111B under a contract from Gen-
eral Dynamics, states that the
F-111B number 4 is lighter than
earlier development models. A
spokesman for General Dynamics
places the weight reduction at “sev-
eral thousand pounds.”

Even Congress has found time to
ponder the weighty problem of
the F-111B. Representative Robert
Sikes (D-Fla.) told the House re-
cently: “At this stage the F-111B
is a lemon and the Navy knows it.
The Navy is stuck with its version
of the TFX. This aircraft is costing
a great deal more than was antici-

Some say, ‘‘Too heavy tofly . ..."

ELECTRONIC DESIGN, August 16, 1966

pated. It is far behind schedule. It
is too heavy to use on carriers, and
the things that will be sacrificed to
make it work will probably result
in a second-rate aircraft.”

Rep. George Mahon (D-Tex.)
termed the consolidated approach
‘““a very noble idea.” “But,” he added,
“it may be like many other ventures
in defense: it may turn out to be a
failure.”

The Secretary of the Navy, Paul
Nitze, when asked for his com-
ments on the F-111B, said: “We
must make it work.”

NASA should state
post-Apollo aims

The National Aeronautics and
Space  Administration’s  silence
about what follows Apollo is un-
settling the whole U.S. aerospace in-
dustry. It should tell Congress by
Dec. 1 just what the next step in
space will be after a manned land-
ing on the moon has been achieved.

This is the gist of a report short-
ly to be released by the House
Manned Space Flight Subcommit-
tee. Chairman Olin E. Teague (D-
Tex.) claims that the nation’s pres-
ent space manpower force of 400,000
will dwindle to 200,000 by next year
and 100,000 by 1968 if NASA sets
no new goal.

Ford and Comsat
vie for space

The Ford Foundation has come
forward with an ambitious plan to
tie profitable TV and radio broad-
casting to an educational TV net-
work.

The proposal was presented to the
Federal Communications Commis-
sion by foundation president Me-
George Bundy. It would plow the
profits from an $80 million domestic

satellite system distributing radio
and TV shows into paying the costs
of the educational network. It is
likely to have strong appeal both to
the general public and to educators.
But it has also brought the foun-
dation face to face with the Comuni-
cations Satellite Corp., which con-
tends that Congress intended it
alone to supply satellite service.

Ford’s proposal was made in re-
sponse to an invitation issued by the
FCC some months ago, after the
American Broadecasting Co. had
asked to be allowed to launch its
own satellite. The scope of Ford’s
plan, however, completely overshad-
ows others made since the FCC
asked for further proposals.

The FCC has given until Oct. 1
to receive comments on all the plans
that have been put forward. It will
then, presumably, either rule on
Comsat’s claim to have monopoly
rights or pass the issue back to Con-
gress.

Comsat and NASA sign
satellite launch accord

NASA will launch two commer-
cial communications satellites for
the Communications Satellite Corp.
this fall.

The two satellites, each 2-1/2
times more powerful than Early
Bird, will be put into synchronous
orbit, one over the Pacific Ocean,
one over the Atlantic. Early Bird,
launched over the Atlantic in April,
1965, is providing the first commer-
cial satellite communications be-
tween the U.S. and Europe.

Under an agreement signed by
NASA and Comsat, NASA will sup-
ply launching and all associated
services for the new satellites on a
reimbursable basis. Cost per launch
is ‘estimated at $3.57 million. Like
Early Bird, the two new satellites
will be owned by the International
Telecommunications Satellite Con-
sortium, of which Comsat is the
U.S. partner.

New solar cells
heal themselves

A solution to the problem of mak-
ing solid-state electronic components
radiation-resistant appears to be at
hand. A new development uses lithi-
um atoms to plug gaps shot in semi-
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conductors by high-speed radiation.

A “self-healing” solar cell, said to
be 50 times more resistant to
nuclear radiation damage than
conventional cells, is the first prac-
tical device based on this significant
materials discovery. The principle
promises reduction or even elimina-
tion of the threat of radiation dam-
age to electronic components in
spacecraft caused by their passage
through the Van Allen radiation
belt.

The new solar cell was developed
at RCA’s David Sarnoff Research
Center, Princeton, N.J. under con-
tract to NASA’s Goddard Space
Flight Center, Greenbelt, Md.

The self-healing property is de-
rived from the presence of minute
quantities of lithium diffused

throughout the cell structure. The
lithium atoms, smaller than silicon
atoms, do not enter into a chemical
bond with the silicon in the solar
they

cells. Instead roam freely

“Self-sealﬂing" solar cell uses lithi-
um atoms to plug radiation damage.
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throughout the crystal structure
within the cell and are available to
“patch” damage done by radiation.

Radiation damage occurs when
high-speed electrons, protons or
gamma rays burst into the orderly
rows of silicon atoms and knock
them out of position, thus rendering
the device useless.

According to Joseph Wysocki of
the RCA Laboratories, the lithium
present in the new cells moves in to
fill the gaps created by the radiation.

This action prevents electron
“traps” which reduce the flow of
current in conventional solar cells.
At the present time transparent
shields made of quartz or sapphire
are used to shield conventional solar
cells. Wysocki said that the weight
of this shielding can be reduced
by as much as 90 per cent if the
new cells are used.

RCA scientists report that the
technique used to make the new so-
lar cells may serve to achieve sim-
ilar radiation resistance in other
silicon components such as transis-
tors, diodes, and ICs.

Surveyor prepares for
posthumous portrait

One of Surveyor I's last acts was
to prepare to have its picture taken.
In response to commands radioed
from Earth, it summoned its ebbing
strength to position its solar array
and high-gain antenna so that they
cast as large a shadow as possible
when Lunar Orbiter passes over-
head.

NASA has changed Lunar Orbit-
er’s flight plan so that it may take
high-resolution photographs of Sur-
veyor on two consecutive orbits.
These will yield stereographic pic-
tues of the late, great Surveyor
with a resolution down to three feet.
The “launch window” for Lunar Or-
biter is Aug. 9 through 13.

Surveyor, which landed June 2 in
the Moon’s Ocean of Storms, exceed-
ed all expectations by sending back
many thousands of pictures of the
Moon’s surface before it finally suc-
cumbed to the rigors of the lunar
climate.

RCA gets big voice

in New York transit

New York City Transit Authority
has awarded RCA a $4.2 million
contract for the world’s largest pub-

lic transportation two-way mobile
radio system.

RCA will supply 4,734 radio units
over the next 18 months to be in-
stalled in buses and other vehicles,
and 21 base stations.

A master control station will be
set up in East New York, and other,
completely transistorized stations
will be located at garages through-
out the city. The solid-state, Super-
Fleetfone-type mobile radios will
enable bus drivers to communicate
instantly with garage dispatchers
or curbside traffic controllers carry-
ing portable two-way units.

The system will be used to gauge
the flow of buses to passenger needs
and to reroute buses around obstrue-
tions. Loudspeakers on the buses
will enable the drivers to keep pas-
sengers informed of what is happen-
ing. The system will also be useful
in crime deterrence and control.

Washington eyes
scientific policy

The major policies, plans, goals
and programs in science and tech-
nology of both government and non-
government agencies may in the
future come under annual Congres-
sional scrutiny.

Sen. Gordon Allott (R-Colo.) has
introduced a bill to set up a Joint
Congressional Committee on Science
and Technology. If adopted, the
President would have to submit a
report each year to the committee.
The proposed committee would func-
tion on the lines of the Jeoint Eco-
nomic Committee that reviews the
President’s annual Economic Report.

Night-light satellite
to be investigated

The Westinghouse Defense and
Space Center is to make a 90-day
feasibility study of the possibility
of developing an earth-orbiting,
light reflection system for night
military operations.

N.V. Petrou, general manager of
the Center’s Aerospace Division,
said: “The study may pave the way
for an eventual design of an orbit-
ing satellite with a reflective, mir-
rorlike surface to provide a light
source over land masses at night.”

The study will be carried out un-
der a $125,000 contract for the De-
fense Department and NASA.
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Bring on
your complex,
small, noisy, difficult signals.

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

Detei e exact phase of servo error with res;
i "“’:s'ang 60 Hz to 5 kHz while m":sﬁf
mizing rejection of quadrature component.

See critical variations as small as 10 uV rms from [Mlis Resolve 50 Hz - 100 kHz amplitude information to
. strain gages, other AC-excited transducers. R u?&% of full scale signals volt to
L s i . volts: e

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

Seven highly versatile signal conditioners offer unique performance
capabilities: three DC types with a1 uV - 250 V dynamic range, floating
differential input and calibrated zero suppression...an AC-DC Con-
verter with calibrated zero suppression and scale expansion permitting
resolution better than 0.1%, 10 ms response and isolated, 1 meg.
input . . . a phase-sensitive demodulator with calibrated reference
phase shift, 90° calibrated dial with four quadrant selections, and a
frequency range of 60 Hz to 5 kHz . .. a carrier preamp with 2400 Hz
internal transducer excitation supply, calibrated zero suppression, cal.
factor control and conversion gain of 10,000 . .. and a general-purpose
DC preamp particularly useful for 100 mm wide chart recording.

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

For a new brochure describing the advantages and wide HEWLETT

choice of Sanborn thermal writing oscillographs, write PACKARD
Hewlett-Packard Company, Sanborn Division, 175 Wyman w SANBORN
[=s=====. Street, Waltham, Mass. 02154. DIVISION

See HP New Insturments and Measurement Seminars at WESCON — Hollywod Park
ON READER-SERVICE CARD CIRCLE 8
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Now: A Fast Signal Averager

- 100 nsec

O O O O S O R
L L ¢

pidd ity
R L LR

Photo #1—Input to Model TDH-9

SENSITIVITY: 5 V/cm
TIME: 10 usec/cm
NOISE-TO-SIGNAL RATIO: 10:1

PAR Model TDH-9
Waveform Eductor

Photo #1 is an actual oscillogram of
a signal obscured by noise — a situ-
ation unfortunately prevalent in many
research areas such as studies of bio-
medical evoked potentials, seismol-
ogy, spectroscopy, fluorescent life-
time studies, and vibration analysis.
Photo #2 shows the dramatic im-
provement in signal-to-noise ratio
when the noisy signal was processed

Photo #2—OQutput of Model TDH-9

SENSITIVITY: 5 V/cm
TIME: 10 pusec/cm
TDH-9 VOLTAGE GAIN: 10

by the PAR Model TDH-9 Wave-
form Eductor.

This new instrument employs a highly
efficient waveform - averaging tech-
nique, and at the same time offers the
fastest sweep rates obtainable in sig-
nal processing equipment of the signal-
averaging type. Sweep durations as
short as 100 microseconds, with dwell
times per channel of 1 microsecond,
are obtainable. The high resolution
capability of the Model TDH-9 allows
observation of waveforms or transi-
ents which have heretofore been un-
resolvable by averaging instruments
employing a greater number of
channels.

Although the Model TDH-9 Wave-
form Eductor sells for only $4,200,

See us at WESCON—Booths 253 & 254

ON READER-SERVICE CARD CIRCLE 9

we invite functional comparison with
the higher-priced digital averagers.
We believe you will be pleasantly
surprised. For more information about
the PAR Model TDH-9, ask for
Bulletin No. T-126.

Have a noise problem?

PAR’s technical staff, unusually
knowledgeable in signal processing
problems and techniques as a result
of its experience in the development
and application of Lock-In Ampli-
fiers, welcomes your specific inquiries.
Please call or write.

PRINCETON
APPLIED RESEARCH CORP.
Dept. E
Box 565, Princeton, N. J, Tel. (609) 924-6835
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Challenge to transistors in logic circuitry

Magnetic thin-film devices can give higher density
with a reduction in power and manufacturing costs.

Neil Sclater
East Coast Editor

At first glance they look like doo-
dles on the back of a postage stamp.
A new series of magnetie, thin-film
logic devices, using phenomena
known as domain-tip propagation
logic (DTPL), are challenging the
eminence of transistors in digital
circuitry.

Minute regions in a magnetized
metallic film can be reversed in po-
larity and forced to migrate in spe-
cific directions in response to exter-
nally applied fields. By control of
the direction of these “domain tips”
and their mutual interaction, all of
the usual logic elements may be pro-
duced.

The concept was discovered by
scientists at the Laboratory for
Electronics, Boston, under contract
from the Air Force Cambridge Re-
search Labs., Bedford, Mass.

The logic elements fabricated by
thin-film deposition require lower
power than their transistor coun-
terparts, and they can be manufac-
tured at lower cost. They also have
non-volatile memories. In some
configurations, the logic elements
can be packaged at far higher den-
sities than possible with transistors.

ELECTRONIC DESIGN, August 16, 1966

Domain-tip propagation occurs in
thin films (approximately 0.1 mi-
cron) of permalloy. Initially the
nickel-iron-cobalt alloy film is mag-
netized in one direction, like an or-
dinary bar magnet. Selective mag-
netic fields applied in the opposite
direction cause regions of the film
to reverse their directions of mag-
netization. These regions of re-
versed magnetization can be steered
across the permalloy layer in long
thin spikes or tips at speeds on the
order of 10° cm/s.

Experimental work has shown
that deposition of aluminum on the
glass substrate, prior to the deposi-
tion of the permalloy layer, inhib-
ited the change in direction of mag-
netization by increasing its coercive
force. It has been found that chan-
nels cut or etched through the alu-
minum result in low coercive force
paths, which permit easy passage
and control of the domain tips un-
der the influence of the applied
magnetic field.

The direction of domain-tip move-
ment depends upon the magnitude
and direction of the applied field
and the interactions between neigh-
boring tips. The propagation can be
directed to one side or the other of

the so-called easy axis depending on
the direction of the drive field. The
easy axis coincides with the direc-
tion of initial magnetic saturation
of the permalloy film.

Domain tips which grow in the
same easy-axis direction have a net
charge of the same sign, while the
charge of tips growing in directions
opposite to the easy axis are of op-
posite sign. Domain tips propagated
in the same direction were found to
repel each other and those propa-
gated in an opposite direction were
found to attract each other.

These properties are used, in de-
signing the channel geometry, to
form shift registers and the usual
logic elements, including AND, OR,
NAND and EXCLUSIVE OR.

Information can be transferred
without loss in a virtually unlimited
number of converging channels. As
a result, the power requirements
are low (10-20 W /element).

High density of the memory and
logic elements is made possible by
the fineness of the channels.

Shift register first devised

The first successful DTPL
configuration was the shift regis-
ter. This device used in computers
stores information in the form of
bits and, under the influence of an
external signal, shifts them serially.
(The shift register in Fig. 1 ap-

1. Thin-film magnetic shift register
operates by domain-tip propagation
logic, DTPL. Bit densities are 100 per
inch, making 10° bits/in® feasible.
Zigzag channels are etched on alumi-
nized substrates prior to permalloy
deposition. Inset above is enlarged
view of connected parallel series of
channels.
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(DTPL continued)

pears as a zigzag pattern.)

The transfer of an information
bit already stored in the register is
accomplished in four steps (Fig. 2) :

1. Application of a uniform field
to cause growth of the reversed do-
main from the existing domain tip
(black oval) along the channel
segment. The direction is deter-
mined by the direction of the ap-
plied field. (Domain-tip propagation
would have been to the left if the
field direction had been opposite.)

2. Restoration of the unswitched
state of magnetization in the upper
portion of the channel by applica-
tion of a field whose strength de-
creases toward the lower portion of
the zigzag channels. This leaves the
small contracted version of the re-
versed domain at the lower inter-
section.

3. Application of a second switch-
ing field similar to that of Step 1
but with the field applied to favor
propagation to the upper right.
This causes the tip to propagate to-
ward the upper boundary with a
shift to the right.

4. Application of a field to con-
tract the domain back around its
upper junction location, to complete
the shift.

Information once shifted along
the entire length of the zigzag chan-
nels can be returned along adjacent,
parallel channels. The information-
bearing domain, on reaching the
end of a zigzag path, can be shunted
along a channel segment and thus
begin returning the stored informa-
tion back to the origin along many
parallel folded channels.

DTPL shift registers with linear
bit densities of 100 bits per inch
have already been built, according to
Robert J. Spain, project manager of
the Laboratory for Electronics.
These have been operated with 300-
ns clock pulses, he said. With the
use of these elements densities of
10° bits per cubic inch are feasible.

Thin films used as logic elements

Experimental work has shown
that the forces of attraction and re-
pulsion can be used to perform
DTPL logic. Films have been pro-
vided with channels appropriate to
the logic functions desired.

The simplest practical logic cir-
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2. Section of zigzag DTPL shift register. Applied magnetic field causes domain
tip to travel to right (1). Domain is contracted at lower junction (2). Another
field restores domain to upper junction (3), where it is again contracted (4).

Yo

3. Schematics of three versions of
DTPL. (a) A simple switch. (b) An
AND gate, showing new domain cre-
ation as a result of the presence of
two tips. (c) A fan-out element which
can be used as an OR gate.

cuit is the switch. It uses the forces
of attraction and repulsion to per-
form the logic operation. Channels
are formed in the film in close prox-
imity to one another, as shown in
Fig. 3a. If a tip is in the left-hand
channel, no tip may pass by in the
right-hand channel. Thus control
over the passage of information-
bearing domains is achieved.

Another elementary but useful
logic circuit is an AND gate formed
when two input channels are placed
close to a third channel. This circuit
is illustrated in Fig. 3b.

The fields from the channeled do-
main tips, in combination with
driving fields, create a new domain
in the third adjacent channel. The
presence of only one or none of the
two input tips is insufficient to
create a new domain in the third
channel. Each tip is considered to
represent a bit of stored informa-
tion (1) and the absence of a tip is

PR, 2SR :- 2

4. DTPL NOR and AND gates on ap-
proximately 2- by 2-in. glass sub-
strates. Many other logic modules are
possible by application of DTPL phe-
nomena and selection of logic con-
ventions.

considered to be 0. With the pres-
ence of two tips, A and B, a new do-
main C is created. Thus the circuit
performs the logic C = A « B.

The channel configuration shown
in Fig. 3¢ is a fan-out element. The
junction provides fan-out—the abil-
ity of the domain to segment into
more than one connected channel. It
can be used to perform OR logic.

By the use of junction channels,
adjacent channels and combinations
of the two, a wide range of circuits
can be formed. Examples of DTPL
logic gates are shown in Fig. 4.

The assignment of prearranged
values and the introduction of do-
mains into the circuitry prior to the
start of logical operations permit
the performance of inverted logic.

In reviewing practical prospects
for the devices, Spain said: “Their
most immediate applications appear
to lie in the field of list memories,
buffers, scalers and counters.” = =
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Why specify Mallory
wet slug tantalum capacitors?

One reason: higher precision in timing circuits

20 TAS solid electrolyte

16%

10

Ma

(0] 20ms

60ms

100ms

TLS vet slug

\

140ms 200

Compare Charging Current-Time Traces reproduced from scope photographs.

Sweep speed: 20 millisec/div Vertical sensitivity: 3%4 pa/div

DC leakage of a capacitor acts as a parallel
resistor. In an RC timing circuit, Mallory wet slug
tantalum capacitors produce less time error than
solid electrolyte types, because they have only
about 109, as much DC leakage.

Want more reasons? Greater freedom from cata-
strophic failure—documented by millions of unit

test hours. Up to 5 times more rating per unit
volume—as much as 172,000 mfd-volts per cubic
inch. Highest voltage and temperature ratings. We
make all types . .. wet-slug, solid and foil. Ask
us for recommendations. Mallory Capacitor Com-
pany, a division of P. R. Mallory & Co. Inc.,
Indianapolis, Indiana 46206.

MALLORY

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 10

ELECTRONIC DESIGN, August 16, 1966

19



New from Sprague!

METALLIZED
POLYESTER FILM
: 1963 CAPACITORS
ULTRA-THIN
SPRAGUE METALLIZED
METFILM ‘A’ POLYESTER FILM
CAPACITORS CAPACITORS

1944
OIL-IMPREGNATED
PAPER

CAPACITORS

METALLIZED PAPER
CAPACITORS

METFILM" ‘A’ CAPACITORS...

dramatically smaller in size, yet more reliable

than military-grade capacitors of the past!

Just a few years ago, the only 10 nF capacitor considered dependable
enough for military applications was Type CP70 (to JAN-C-25), and
was a block-busting 3% " wide x 134" thick x 4" high. Today, you can
get a military-quality 10 xF tubular capacitor measuring only ¥2” in diam-
eter X 214" long. And it’s more reliable than any capacitor of the past!

Sprague Type 680P Metfilm ‘A’ Metallized Capacitors meet all en-
vironmental requirements of MIL-C-18312, yet they occupy only one
third the volume of conventional metallized film capacitors of equivalent
capacitance and voltage rating. Employing a new thin organic film dielec-
tric system, Type 680P capacitors use a dual film totalling only 0.00008"
thick, as compared to conventional polyester-film capacitors with a single
film measuring 0.00015".

Another distinct advantage of the Metfilm ‘A’ dielectric system is
minimum degradation of electrical properties during life.

Hermetically sealed in corrosion-resistant metal cases, capacitor sec-
tions are effectively of non-inductive construction, resulting in capacitors
with performance characteristics superior to those of comparably-sized
capacitors.

Type 680P Metfilm ‘A’ Capacitors are available with capacitance
values to 10 xF in both 50 and 100 volt ratings.

For complete technical data, write for Engineering Bulletin 2650 to Tech-
nical Literature Service, Sprague Electric Company, 347 Marshall Street,
North Adams, Massachusetts 01247 .

*Trademark
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Smuggled recordings
fetch up to $75

Not every concertgoer takes
along a battery-powered tape re-
corder, but those who do can occa-
sionally charge $75 for a copy of
the evening’s ambient sounds.

This is the going blackmarket
price for an under-the-orchestra-
seat recording of the last per-
formance in the Metropolitan Op-
era House, New York, on April 15,
1966.

The curtain went up at 8:30 p.m.
and was not finally rung down un-
til two in the morning. The gala
event featured both current Met-
ropolitan stars and famous so-
loists of the past. In fact, there
were so many recording companies
whose contracted singers were
taking part that it was an impossi-
ble task to record the concert form-
ally. Tickets for orchestra seats,
such as the one from which the con-
cert was taped, were sold officially
for $200.

The tapes were recorded on Uher
4000-L Report recorder with a la-
pel microphone. The Audio Times
reports the tapes of “reasonably
high quality” even though they were
recorded at a transport speed of only
3-3/4 ips.

In Lincoln Center’s Philharmon-
ic Hall, New York, concert listen-
ers have made tapes in two inter-
esting ways. One member of the
audience brought in a Panasonic
stereo recorder and taped the con-
cert with a single stereo micro-
phone. And another ingenious
method of heightening the stereo
effect involved three persons. Two
bought seats on opposite sides of
the hall. Each carried a wireless
FM microphone that broadcast
its signal to a third person sta-
tioned outside the hall with two
FM receivers and Roberts stereo
recorder. = =

SPRAGUE COMPONENTS

®
CAPACITORS PACKAGED COMPONENT ASSEMBLIES
TRANSISTORS FUNCTIONAL DIGITAL CIRCUITS
RESISTORS MAGNETIC COMPONENTS

THIN-FILM MICROCIRCUITS PULSE TRANSFORMERS
INTEGRATED CIRCUITS

INTERFERENCE FILTERS
4sc-6111
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THE MARK OF RELIABILITY

CERAMIC-BASE PRINTED NETWORKS

PULSE-FORMING NETWORKS

ON READER-SERVICE CARD CIRCLE 11

‘Sprague’ and ‘(' are registered trademarks of the Sprague Electric Co.

Watch for ‘‘Design Directions’’

This regular new feature starts
in ED 20, August 30. Design
topics of broad significance will be
covered in depth by ED’s engineer-
editors.
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IC activities filling gap between IF and microwave

Inductive transistor and silicon-on-sapphire circuits
spur speculation about higher-frequency ICs.

Mark B. Leeds
Technical Editor

Significant strides toward using
IC components at or near microwave
frequencies were made public at the
recent St. Louis Microelectronics
Symposium. Notable among these
reports were one on an ‘“inductive
transistor” and one on batch-fabri-
cated, silicon-on-sapphire devices.

This “simulated” inductance, gen-
erated by a microcircuit-compatible
transistor, produces Qs of 36 at 2
MHz. Among the silicon-on-sapphire
(SOS) units were diode structures
for microwave harmonic generators
and a vertical-junction transistor
capable of operating near X-band
(5.2 GHz) frequencies.

Composite unit irons-out L needs

As reported by Gopi R. Jindal,
research engineer at Sprague Elec-
tric’s North Adams, Mass., facili-
ties, “all transistors show some-
thing of an inductive effect, but
composite designs must be turned
to if working @ values are to be
realized.” In a paper co-authored by

Transistors exhibiting a strong induc-
tance property may solve the need for
tuned elements in integrated circuits.

Co-authors Gopi Jindal (left) and
Walter Fischer show the use of 3N90s
used as inductors in a selective ampli-
fier.
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Sprague associate Walter Fischer,
Jindal described a unit, transistor
type 3N90, which features 15 pH of
inductance at 2 MHz. This device,
the focus of their investigation of
single and cascaded inductive tran-
sistors without carrier multiplica-
tion, had these characteristics:

m A current transfer ratio very
near unity.

m A large ratio of forward-to-re-
verse transfer admittances.

m A retarding drift field in the
base.

® A minimum capacitance at both
the emitter and collector junctions
due to small geometries and wide-
depletion layers at both junctions.

® A matching of the base transit
time to the frequency of operation,
such that the collector current lags
the emitter current.

Jindal anticipated that “off-the-
shelf integrated circuits with simu-
lated inductances will be made
available within a year.” He added:
“This approach to obtaining micro-
circuit @s is cheaper and less space-
consuming than the present tech-
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nique—multistage RC phase-shift
networks and amplification.”

“Inductance values approaching
100 pH may be realized in 1-1/2
years with composite designs uti-
lizing homogeneous-base devices
like the 3N90,” he predicted. When
used to replace coils in IC-hybrid,
tuned-IF circuits, tuning is
achieved by varying the IC supply
voltage. Typifying these applica-
tions was a selective amplifier (see
photo) developed by Jindal and
Fischer. One drawback of the induc-
tive transistor is its rather high,
positive-temperature co-efficient,
which must be compensated for by
external circuitry in some applica-
tions.

SOS helps lower IC capacitances

Junction capacitances of less than
0.005pF and storage times of less
than 1.0 ns were characteristic of
the thin-film structures batch-fabri-
cated by the SOS technique (see
figure). Individual step-recovery
type diodes and diode matrices (ar-
rays) were constructed.

As reported by Robert Downing,
research engineer at the Autonetics
Div. of North American Aviation,
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INSULATING SUBSTRATE

Silicon-on-sapphire integrated electronics concept features 10'* ohm-cm isola-
tion between individual thin-film elements. Single crystal device-quality silicon
sheets are deposited on sapphire insulating substrate.
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Gaussian or Chebyshev Crystal Filters
Solid State Electronic Commutation

Uniform Frequency Response

Damon's Multifilter Spectrum Analyzers
are adaptive to signal rate, filter time
constant or display response. A unique
frequency-sharing principle permits opti-
mum utilization of filters for maximum
economy. In analysis bands from 100 cps to
10 Mc, multipole crystal filters with band-
widths from 5 cycles to 100 Kc resolve
closely spaced signals having large amp-
litude ratios.

These state-of-the-art Analyzers are
illustrative of Damon’s capabilities in
frequency information retrieval and anal-
ysis. Other significant examples include
the Telstar Comb Filter and the SPASUR
Detection Preselector.

Write for Real Time Multiple Filter Spectrum Analyzer
Spectrum Analyzer Brochure. Model 5187A

DAMON ENGINEERING., INC.
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(IC activities, continued)

Anaheim, Calif., these diodes have:
®m Leakage currents <100 nA.
m Voltage breakdowns >15 V.
® Forward currents of 0.1-0.5 mA.
Downing, pinch-hitting for Autone-
tics associate Arnold Miller (the
author of the paper), reported: “Sil-
icon-on-sapphire techniques yield
circuit functions not now obtainable
with conventional microelectronic
technologies.” He added: “Isolation,
limited only by the substrate’s con-
ductivity, is superior because sap-
phire is the best currently available
heteroepitaxial substrate for silicon.
“Isolations of 10'* ohm/em be-
tween individual thin-film elements
is achieved, and this substrate also
has excellent thermal properties,
thereby allowing for higher power
operation than monolithic ICs.”
The low capacitance of vertical-
junction transistors, typically 0.001
pF, and the relative ease with
which these structures can be inte-
grated into miecrostrip or stripline
circuits point the way to SOS mi-
crowave ICs. Here the sapphire is
used as the dielectric material, with
a ground plane on the back side.
Unfortunately, low current gain is
a problem with these devices: until
it is overcome, off-the-shelf low-
power, sub-nanosecond, digital ICs
will remain just out of reach. But
this potential is “more than strong,
because of the advantages of batch
fabrication* and the SOS con-
cept,” Downing suggested. He also
explored stable MOS units and com-
plex arrays built with the SOS ap-
proach to ICs, and featuring isola-
tions heretofore found exclusively
in discrete component design.

Master Dice roll up IC benefits

Further advances in the “Master
Dice” (MD) area were reported by
two Autonetics project leaders,
J. W. (Whit) Slemmons and C. Don-
ald Slaughter. Their development,
used for the breadboarding of both
analog and digital ICs, was high-
lighted by low cost, system versatil-
ity, minimum implementation time
and complex functioning.t

As described by Slemmons, the

*For details on batch fabrication, see
ED 1, Jan. 4, 1966, p. 88.

+See ED 14, June 7, 1966, p. 66 for
a discussion of a technology advance
akin to the Master Dice concept.
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Systems application of Master Dice
concept is this miniature accelerom-
eter displayed by co-authors Slaugh-
ter (left) and Slemmons. Autonetics
Engineers used the Dice to design
the 4-stage differential amplifier and
dual trigger in the instrument’s elec-
tronics.

MD had six npn transistors, 100 kQ
of resistance (available in discrete
quantities) and was used with
off-the-shelf ICs and a simple ther-
mo-compression bonding machine to
build a number of sub-systems.

Representative of the advantages
of the MD was a four-stage
differential amplifier built in less
than half an hour for under $100.
This circuit replaced a transformer
and extra gain amplifiers in an ac-
celerometer system (see photo).

Slemmons also showed how the
MD could be used to make comple-
mentary stages and add precision
resistors to ICs. Slaughter added:
“The cost per circuit drops to $12 in
quantities of 50 or more with the
Master Dice approach.”

More computers, biophysics soon

The theme of the conference, held
July 18-20, was ‘“Microelectronics
in ‘Transition.” C. Lester Hogan,
vice-president and general manager
of Motorola Semiconductor Prod-
ucts, Phoenix, Ariz., delivered the
keynote address.

Dr. Hogan made a five-year pro-
jection for the IC discipline and
submitted that “the areas of bio-
chemistry and biophysics and the
increased application of computer
control and processing to our way
of life will occupy the major por-
tion of the electronic spotlight in
the next few years.” He maintained
that ‘“‘integrated circuits are the
keys to these endeavors” and ad-
vised engineers to “look forward to
an emerging consumer market for
ICs and further advances in large-
scale-integration activity.”

Copies of the proceedings at $10
each may be secured by purchase
orders directed to: 1966 Microelec-
tronics Symposium, Attention Pro-
ceedings Sales, P. O. Box 4104, St.
Louis, Mo. 63136. = =
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basic measuring tools from

HEWLETT
PACKARD

hp 2034

Variable-Phase Function Generator

provides reference and variable-phase sine, square waves

range 0.00005 Hz to 60 kHz
distortion less than 0.06%

continuously variable phase shift 0-360°
four simultaneous adjustable outputs 0-30 v peak-to-peak

Use it for:
phase shift measurements
low-distortion signal generation
vibration studies

frequency response measurements

servo applications
medical research
geophysical problems
subsonic, audio testing

Here is a solid-state function generator
offering simultaneous sine and square-
wave signals 0.005 Hz to 60 kHz in 7
overlapping bands (two optional bands
available, down to 0.00005 Hz). Total
harmonic distortion hum and noise
(0.06%) is less than 64 db below funda-
mental.

Accurate 19, frequency dial calibra-
tion with 180 dial division, vernier drive
for precise adjustment. All four floating
output circuits have individual 40 db
continuously adjustable attenuators. One
each of the sine and square-wave outputs

contain the 0-360° phase shifter. A front-
panel calibration provision permits easy
line-frequency calibration of the oscil-
lator to the environment in which it's
being used. Price, $1200.

For a demonstration of the unique
203A call your Hewlett-Packard field en-
gineer. Or write for complete specifica-
tions to Hewlett-Packard, Palo Alto,
California 94304, Tel. (415) 326-7000;
Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice.
Price f.o0.b. factory.

HEWLETT hp, PACKARD

1186

An extra measure of quality
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Reliability integrates with design

Educators and industry join forces to prepare
engineers to design with an eye on reliability.

Maria Dekany
Technical Editor

The days of the special reliability
engineer are numbered, says R. A.
Brenan, of the Hughes Aircraft Co.,
Microwave Tube Div., Los Angeles.

His place is likely to be taken by
design engineers who are also ex-
perts in reliability, he says. They
will blend design and reliability
without leaning on others for guid-
ance. The reliability specialist, ac-
cording to Brenan, will end up in
the ranks of management, where he
will check to see that the designer
has done a good, complete job.

Brenan, now head of a group of
reliability engineers at Hughes, is
not alone in his thinking. Educators
in engineering schools are calling
for a broadening of the curricula to
teach all prospective engineers the
basic concepts of reliability.

The present role of the reliability
engineer, Brenan notes, is that of a
consultant to the designer. The de-
signer performs the reliability anal-
ysis with the aid of the reliability
engineer as the design progresses
from the idea stage to the manufac-
turing.

“Fundamental to any reliability
program,” he says, “is the thorough
knowledge of all possible failure
modes during the initial design.

The ultimate reliability of the sys-
tem is usually determined by deci-
sions made at the initial design
phase. Changes in the later stages
of the development program cost

@)

money and time and result in a
patch-up job.”

Teach reliability to engineers

Many educators are appalled by
engineers’ general lack of knowl-
edge and appreciation of reliability.

“There is not enough reliability
in engineering education,” says
Cdr. Donald M. Layton, Assistant
Professor of Aeronautics, U.S. Na-
val Postgraduate School, Monterey,
Calif. He recommends that all engi-
neering schools should offer relia-
bility training. Not only would this
relieve the reliability engineer from
the time-consuming task of ex-
plaining the ways and hows to the
designer, says Layton, but the
knowledge of the principles of relia-
bility is as important to product sue-
cess as Ohm’s Law or beam theory.

To achieve the desired knowl-
edge, it is necessary to teach not
only the underlying principles but
also the ultimate purpose of relia-
bility, adds Layton.

Others share Layton’s opinions.
Dr. Paul H. Zorgen, of Vitro Labo-
ratories and American University,
Washington, D. C., sums up the
challenges and objectives that must
be met to satisfy the demands for
reliability as follows:

® Qualifying standards must be
set up for reliability personnel.

® Educational opportunities must
be created for qualified personnel.

® The colleges must integrate re-
liability and maintainability into

N

(b)

1. The degree of crimp of taper pins must be closely controlled to provide re-
liable wire-to-taper pin connection. Overcrimping (a) deforms the strands; un-
dercrimping (b) allows the movement of the wire relative to the taper pin.
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the curricula.

Dr. Zorgen’s recommendations
are supported by Dr. Dimitri Kece-
cioglu, Professor of Aerospace and
Mechanical Engineering, Universi-
ty of Arizona, Tucson: “From an
estimate of the present need for up-
wards of 5000 qualified reliability
engineers, efforts in the educating
and training field should certainly
be substantially boosted.” Profes-
sional societies, he adds, should in-
crease the number of tutorial ses-
sions at reliability conferences. He
criticizes the lack of centralization

and co-ordination of information on

reliability engineering and recom-
mends establishment of a separate
society for this end.

Other recommendations, aimed to
help reliability studies, include the
setting up of a computerized infor-
mation center on qualified parts.
However, the general feeling among
engineers is that companies would
be reluctant to give information on
their parts, qualified in-house, ei-
ther to avoid unfavorable compari-
son or to protect proprietary data.

Most educators agree that relia-
bility engineering should be an in-
tegral part of the basic undergradu-
ate training of all design engineers.
However, there are some dissenting
voices. Dr. Kececioglu feels that, in
view of the depth and breadth of
the courses a qualified reliability
engineer must have, a separate cur-
riculum and degree may be jus-
tified. Also, he says that the present
trends toward specialization and

2. Salts from the plating solutions are
trapped in the contact area, causing
increased contact resistance that at-
tenuates the current pulses and so in-
troduces data errors.

Speed Inquiry to Advertiser via Collect Night Letter >
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(Reliability, continued)

specialized degrees lend further
support to his recommendation.

Industry takes the lead

These comments from educators
indicate that there will be a change
in the future in the education of en-
gineering students. The fruits of
such a change, however, may not be
available for several years. Till
then, industry has to make shift
with the reliability problem and the
lack of qualified reliability engi-
neers. )

There is plenty of evidence that
industry is well aware of the need
for a systematic approach to relia-
bility at all stages of the design.

The first instance in which a full-
scale reliability program was ap-
plied to an aircraft, for example,
was in the design of the XB-70 de-
veloped by North American Avia-
tion, Inc.

According to William H. Hatton,
Principal Scientist, during the
conceptual design stages, alternative
system concepts were analyzed

from the reliability standpoint to

3. Fractured pin of a male connector
on a modular printed circuit assembly
may result from excess stress during
the forming operation.

By y

4. Insufficient ‘‘wicking” of the solder
from the bottom to the top of the
wiring board or fracture of the joint
due to movement of the lead before
solidification are perpetual sources of
intermittency.
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provide design trade-offs. During
the manufacturing and testing
phases, success and failure data
were used to monitor the demon-
strated reliability. The procedure
for conducting a quantitative relia-
bility analysis, says Hatton, in-
volved four steps:

® Defining success and failure
for the system.

m Defining the failure modes of
the system.

® Determining the failure rates
for the components and equipment.

®m Deriving and solving the math-
ematical reliability model.

More reliable components

The great improvement in the
reliability of traveling-wave am-
plifiers, making possible their use in
space communication equipment, is
the result of close cooperation be-
tween designers and reliability spe-
cialists at Hughes Microwave Tube
Div., according to Brenan. Reliabil-
ity is designed into the TWT
through failure-mode analysis of all
parts. A failure-mode chart has
been drawn up that helps pinpoint
areas where system requirements
demand components to operate near
their maximum, and redundancy
may be needed. The program re-
sulted in TWTs that combine
ruggedness, minimum weight and
cost with a failure-free life of more
than 800,000 hours, says Brenan.

Computers are a great help in the
analysis of components. At Bell
Helicopter Co., Fort Worth, Tex.,,
reliability data on the Model UH-
1D helicopter were fed into a com-
puter. The reliability analysis pro-
gram uses a storage tape that keeps
tab on the number of times that

INTERMITTENT
CONNECTION

AUDIO
CURRENT AME
LIMITING [
RESISTOR :
N
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5. Elementary circuit detects inter-
mittent connections. An insulated rod
is used to tap the connection. The re-
sultant stress on the intermittent part
modulates the loop current through
changes in the resistance. The current
variation is transferred to the ampli-
fier and appears as an audio signal.

each component is used and the
number of times each fails, explains
George E. Knudsen, Supevisor,
Reliability Data Group. The pro-
gram then computes the failure
rate, the mean time between fail-
ures and the reliability values. Pro-
visions in the program and the data
files, points out Knudsen, permit
the analysis of primary failures, se-
lected time intervals and other limi-
tations. The analyses identify the
components that have a record of
frequent failure and the data list-
ings present the failure mode of
these components, he says.

Better testing methods

New testing techniques for relia-
bility are emerging as a result of
designers’ increased awareness of
reliability.

The detection and location of in-
termittent electrical connectors in
digital monolithic circuits is one
area where rapid progress is being
made, according to Paul H. Wel-
shinger, Manager, Test and Evalua-
tion Dept.,, UNIVAC, St. Paul,
Minn. His department devised test
setups for digital logic modules and
for logic modules using monolithic
circuits. The most frequent sources
of intermittent connections are
loosened welded contacts on stitch
boards; over- or undercrimped ta-
per pins (Fig. 1) ; trapping of salts
from the plating solution between
the male and female pin-type con-
nectors causing the contact resist-
ance to increase beyond the accepted
limits (Fig. 2) ; fractured connector
pins (Fig. 3); and marginal solder
joints that cause neither a short
nor an open circuit but attenuate
the pulse current (Fig. 4).

Resistance changes due to these
intermittent conditions, Welshinger
points out, can easily be observed
with the elementary circuit of Fig.
5. As a stress is applied to the inter-
mittent connection, the loop bias
current will be modulated by the
change in resistance. The technique
has only two restrictions: (1) the
de bias current must flow through
the internal loops, and (2) the
amplifying system must have
sufficient gain to allow detection of
current variations. Background
noise limits the sensitivity of the
system, he warns, and shielding of
the transformer and wiring to the
amplifier is necessary. ® ®
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IF YOU CAN'T AFFORD TO DESIGN WITH
FAIRCHILD DTulL, YOU CAN'T AFFORD TO DESIGN.

Industrial IC’s at about $1.00 per Function: Fairchild Diode-
Transistor Micrologic® Integrated Circuits are now available
at prices you can afford. Take your pick of dual in-line pack-
aging for production line use (at about $1.00 per function at
distributor quantities) or Mil spec rated 14" x 14" Cerpaks.
Either way you get high performance monolithic logic elements
for a wide variety of applications.

Complete, versatile line: Fairchild DTuL circuits offer unique
design features: A complete line which includes both binary
and gate elements, completely compatible with one another./

Gates may be wire OR’ed at the output./Expander inputs can
be used with 930, 932, and 944 elements./Low input current
leakage./High noise immunity.

We can deliver: Fairchild DTulL circuits are available now, in
production quantities, on distributors’ shelves. You can get
immediate delivery on virtually any

number. Don’t take our word for it. T ———

Call any Fairchild Distributor, now. EAa1RCHILD

Or, ask for our complete data sheets.
MICROLOGIC: A FAIRCHILD TRADEMARK SEMICONDUCTOR
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Computer consoles roll into offlce

When a scientist at Rand head-
quarters needs to use a computer,
he can quickly roll a console into his
office and plug it into a central
computer.

Two hundred offices at the cor-
poration’s headquarters in Santa
Monica, Calif., are equipped with
special plugs (see photo) that carry
ten conductors to the central com-
puter. A time-sharing system allows
up to 30 scientists to use the com-
puter at once; yet the chores are
executed with such dispatch that
each user enjoys apparently unen-
cumbered use of the service.

The scientist communicates with
the computer by using a special
language, called JOSS, which he can
learn in less than an hour. JOSS
stands for Johnniac Open Shop Sys-
tem.

The computer holds operating
programs and data in its memory;
these are not lost even if the con-
sole is unplugged. To retrieve this
information, the scientist need only
plug a console into any JOSS outlet
and ask for it. The console is merely
a slightly modified electric type-
writer. At no time are the services
of a trained computer programer
needed. m m

Rolling console plugs into computer jack.

Small transmitter sends lunar pictures

When a project Apollo astronaut
leaves the Lunar Excursion Module
and roams across the moon’s sur-
face, he will transmit pictures with
his hand-held TV camera back to
the LEM without the use of an um-
bilical hook-up. This transmission
will be accomplished with a sub-
miniature transmitter designed for
use with the TV camera.

Built by the Microwave Division
of Sanders Associates, the trans-
mitter weighs only 3 ounces and
delivers an output of 1/4 watt. It
operates at a frequency of 279 MHz.

Power for both the transmitter
and the TV camera is supplied by a
dry-charge battery pack, which has
an output of 18 volts at 330 ma, and
a rated life of six hours. The trans-
mitter is a four-stage unit, consist-
ing of a crystal-controlled oscillator,

28

Subminiature transmitter for hand-held TV camera measures 2-1/8 by 2-1/4

by 3/4 inches, and weighs 3 ounces.

two multiplier stages and a final
power amplifier.

Although the basic unit was de-
signed for cw operation it can easily
be supplied with a built-in ampli-
tude modulator capable of 90 per

cent modulation, linear within 2
per cent from 0 to 500 kHz. A mod-
ulation input of 0.4 volt, peak-to-
peak, is then required for full
modulation with a peak output pow-
er of 70 milliwatts. = =
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ew Philbrick

attery - Powered
nstrument - Grade

perational Amplifiers

¥ |
i,
«++2000-5000 hours on two 1.35 V mercury cells

Here are two high-performance amplifier families spe-
cifically designed for battery-powered, portable (or non-
portable) instrumentation. They operate from a pair of
cells: mercury (1.35 V); carbon-zine penlight (1.5 V); or
silver zine rechargeable (1.5 V). Despite their low voltage
and current requirements (2-5 mw quiescent), both de-
signs are rated at a maximum output voltage of 1.0 V
with a 500Q load (42 mA). Operating life on a pair of
standard #502 mercury cells is 2,000-5,000 hours depend-
ing on the application. Both amplifiers are available in
either a 214” x 114” x 3{” plug-in “P” case or epoxy-
molded “PP”’ modules, 114” x 114” x 34”. The P12Q and
PP12Q units, which have FET’s in the input circuit, are
ideal for high impedance applications requiring very low
current offset (I, about 100 pA), and the P18Q and
PP18Q for applications in which common-mode error is
significant, and voltage offset must be minimized. For
more information, call your nearest Philbrick engineering
representative or Philbrick Researches, Inc., 46G Allied
Drive, Route 128, Dedham, Massachusetts 02026.

ENGINEERING REPRESENTATIVES — Ala.: Huntsville (205)
536-8393, Mobile (205) 954-9298; Ariz.: Phoenix (602) 265-3629;
Cal.: Mountain View (415) 969-9770, Van Nuys (213) 782-1532;
Colo.: Denver (303) 735-3701; Conn.: West Hartford (203) 233-
5503, Greenwich (203) 661-5140; Fla.: Ft. L.auderdale (305) 564-
8000, Orlando (305) 425-5505; Ill.: Chicago (312) 676-1100, (312)
676-1101; Ind.: Indianapolis (317) 356-4249; La.: New Orleans
(504) 242-5575; Md.: Baltimore (301) 727-1999; Mass.: Wake-
field (617) 245-5100; Mich.: Detroit (313) 838-7324; Minn.:
Minneapolis (612) 545-4481; Mo.: St. Louis (314) 741-3779;
N.M.: Albuquerque (505) 268-3941; N.Y.: Buffalo (716) 835-
6186, DeWitt (315) 446-0220, Valley Stream (516) 561-7791;
N.C.: Winston-Salem (919) 725-5384, (919) 725-5385; Ohio:
Dayton (513) 298-9964, Westlake (216) 871-8000; Okla.: Tulsa
(918) 627-6199; Pa.: Philadelphia (215) 277-0559, Pittsburgh
(412) 371-1231; Tex.: Dallas (214) 526-8316, Houston (713) 781-
1441; Utah: Salt Lake City (801) 466-4924; Va.: Alexandria (703)
836-1800; Wash.: Seattle (206) 723-3320.

EXPORT: N. Y.: New York (212) 246-2133.

CANADA: Quebec: Montreal (514) 482-9750, Ontario: Toronto
(416) 789-4325.

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING, MEASURING, MANIPULATING and MUCH ELSE

PHILBRICK
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INNOVATIONS

Il SWITCH TO THE SWITCH
WITH THE MOST STABLE
TRIGGERING VOLTAGE

Try a new G-E Silicon Unilateral or
Silicon Bilateral Switch. SUS’s and
SBS’s are kind of like 4-layer diodes
except that they are actually planar in-
tegrated circuits rather than “stacked”
structure devices.

How do they differ? The SUS
switches on in only one direction
whereas the SBS—actually two SUS’s
integrated on the same pellet—switches
in either polarity . . . and with excep-
tionally good symmetry. Both feature
triggering voltages in the 6- to 10-volt
range that are virtually unaffected by
temperature changes.

SUS’s and SBS’s are excellent de-
vices for triggering SCR’s and bi-
directional thyristors (Triac’s). Light
dimmer and speed control circuits are
naturals for them, as are simple ring
counters that can be designed to count
up to 50 kHz. Circle Number 811 on the
Reader’s Service Card if you’d like
more product and application facts.

Il WHAT'S THIS? A 40¢;
POWER TRANSISTOR?

That’s just what you get
when you specify new
G-E 2N4054 through
2N4057 devices :
from 150 to 300 volts in
G.E.’s newest compact,
silicon economy pack-
age for prices as low as
40 to 59¢ (in lots of
100,000 or more).

Actaalisize Looking for indus-
G-E D27 trial uses? Try these
device new NPN transistors

as high-voltage differential and oper-
ational amplifiers . . . or as Nixie}
Tube drivers . . . or as high-voltage
power supplies. Operating temperature
ranges from —55 to +150 C. Beta is
between 30 and 90 at 50 milliamps, 10
volts. And the new transistors can
amplify up to 256 Megahertz.

What about commercial applica-

1 Trademark of Burroughs Corporation.

30

IN SEMICONDUCTOR PRODUCTS

Over 400 pages on the
industry's broadest SCR line

Everyone needs a standard refer-
ence manual. And this is the one
when you’re looking for facts
about Silicon Controlled Rectifiers.
Already G.E.’s well-known SCR
Manual is in its Third Edition,
and over half its content is pre-
viously unpublished application
information.

Use the G-E SCR Manual to
look up useful circuit and applica-
tion information. Special related
devices are covered in detail, too
. .. devices such as G.E.’s light-
activated SCR. And there’s a
special chapter on the reliability
aspects of SCR’s.

If you haven't already gotten
one for yourself, order your copy
now. The price is just $2.00. Circle
Number 813 on the Reader’s Ser-
vice Card.
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2N4056

4 40MA
1.29

% watt output (100 mv input)
TV audio circuit using new 2N4056 transistor

tions? Look how easy it would be to
mount this package in a printed cir-
cuit board! No extra hand-soldered
leads to waste assembly time. You can
use them to deliver 1 watt to the loud-
speaker of TV receiver Class A audio
output stages, phonographs, tape re-
corders, intercoms or radios. Circle
Number 812,

GENERAL @3 ELECTRIC

G-E 2N4054 Series Minimum Electrical Ratings

2N- | 2N- | 2N- | 2N-
4054 | 4055 | 4056 | 4057

Vces (Ic =10ma) volts [ 300 |300 |240 |180

Vceo (lc =1.0ma) volts | 300 | 250 |200 |150

Veso (le =100ua) volts 7 7 7 7

Ic ma 100 | 100 | 100 |200

P1(70 C case tempera- 4 4 4 4
ture) watts®

hre (lc =50ma, Vce = 30 30 30 30
10v)f

Vce(saT) (le =2.5ma) 25 2.5 2.5 2.5
volts |

* Derate 50 mw/°C i in case temp e
above 70 C.

1 Pulsed conditions at 2% duty cycle 300 usec
pulse width.

More information on all G-E semiconductor
products—one more example of General
Electric’s total electronic capability—can be
obtained by calling your G-E engineer/
salesman or distributor. Or write to Section
220-41, General Electric Company, Schenec-
tady, N. Y. In Canada: Canadian General
Electric, 189 Dufferin St., Toronto, Ont.
Export: Electronic Component Sales, IGE Ex-
port Division, 159 Madison Ave., New York,
New York.
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Electronics to help drivers

U.S. and industry join hands on auto safety

The automobile will continue to hold
Washington’s attention long after the new
safety-devices law has gone into effect and the
traffic safety R&D program has settled down
to routine. At least two agencies—the Federal
Communications Commission and the Bureau
of Public Roads—anticipate roles in General
Motors’ electronic safety aids development
project. And agencies and committees ranging
from the Commerce Department and National
Science Foundation to the House Committee on
Science and Astronautics and the Senate Public
Works Committee are already laying the
groundwork for an expected federally sponsored
effort to revive the electric automobile

as an air-pollution abatement measure.

General Motors’ project—Driver Aid,
Information and Routing System (DAIR)—will
soon be tested on Detroit’s John C. Lodge
Freeway. Testing the system, which resembles
the Ford-Philco roadside warning system

in purpose but not in operation, will require 100
cars equipped with Citizens’ Band transceivers.

The GM Research Laboratories at the company’s
Warren, Mich., Technical Center have developed
DAIR over the past nine years (see ED 18, Aug.
2, p. 26). It has five main parts, each independent
of the other, which may be added one at a

time to help spread the motorist’s costs. The
first test will involve erection of highway aid
and information centers to radio advice to
stranded drivers and about accidents. The
centers will also give route information as it is
requested over the standard mobile transceivers.
This part of the DAIR system would be the
first to be adopted by any state highway
commission and used by the regular driver.

The other parts of the system are more
sophisticated and involve roadside tape
recorders and buried magnets. In the
event of an accident obstructing an expressway,
for example, “traffic central” would activate
roadside tapes well ahead of the site of the
accident. The car’s receiver would be activated
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by roadside magnets and pick up the taped
warning of an accident ahead. The Ford-Philco
system (see ELECTRONIC DESIGN, Aug.

30, 1965, p. 6 ff.) would do the same thing
but the tape, prerecorded with dozens of
messages, would be carried in the car’s trunk
and set off by a coded signal to play

the proper message through the car radio.

GM plans to petition the FCC to set aside a
large portion of the Citizens’ Band for DAIR
use. The package has been demonstrated at
the GM proving ground. Now Commerce
Department Bureau of Public Road officials
are anxious to watch the first phase tested on the
Lodge Freeway. They expect to be inundated
by state authorities’ requests for evaluation.
They also expect the states and Congress to
call on them for a comparison of the GM
system vs the Ford system. Observers believe
that Congress will soon require the Secretary
of Commerce or Secretary of Transportation
to select one or other system as an official U.S.
standard. A Maryland highway official
summed up most authorities’ thinking when
he said that standards would have to be set soon
to prevent highway communications and
electronic safety methods from becoming

a hodgepodge. There is concern lest
private communications firms or each

state set up separate systems that
would be incompatible with each other.

The electric car resurges

The rebirth of interest in electric-powered
automobiles (see ED 13, May 24, 1966, p. 17 ff.)
is more than just industry chatter. The House
Science and Astronautics committee and a
retiring Federal Power Commissioner have
both recommended that electric cars be
developed as a partial answer to the air
pollution problem. Now the Senate Public Works
Committee has made a strong plea for electric
cars and electrified mass transportation.

The Committee, in a report on amendments

to the Clean Air Act, pointed to the
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interrelationship between urban planning
and air pollution caused by internal combustion
engines. It called on the Administration to
form an interdepartmental task force “to
investigate means of reducing air pollution by
use of new methods of transportation not
involving the internal combustion engine.”

The Committee declared: “A variety of
projects deserve more detailed scrutiny and
study. Electrification of mass transit, use of
battery-operated delivery vehicles and
autos, and prospects for fuel cells to run
individual passenger cars—all suggest
new research possibilities. The Federal
government should ensure that research,
development and demonstration work

in this area is carried on at maximum
levels consistent with orderly progress.”

It recorded that 15 Federal agencies were
now financing no less than 86 projects in
battery research. It also noted that the
Electricity Council of Great Britain predicts
that within 10 years one million battery-driven
cars will be on the U.K.’s roads.

Accident sensing system made public

The government has described the accident
sensing and surveillance system developed for
the Bureau of Public Roads at Cornell
Aeronautical Laboratory. It can record on
video tape the events leading up to and
occurring in an automobile collision at a
city intersection. It consists of two almost
independent subsystems. One is a detection-
disecrimination system, which identifies
sounds associated with car crashes while
disregarding other sounds common to city
streets. The other is a surveillance-storage
system, consisting of a pair of continuously
operating, narrow-bandwidth television
systems and two magnetic tape units. The
video signals are continuously recorded on
one tape loop. When a “detect” signal is
received from the detection-discrimination
system, the information is read from the
tape loop and re-recorded on a permanent
storage tape for later analysis. The report
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is available from the Commerce Department’s
Clearinghouse, Springfield, Va. 22151, at

$3.00, or 75¢ on microfiche. It is No. PB-170 602,
“Accident Sensing and Surveillance System.”

Another Clearinghouse report dealing with the
broadening role of electronics in auto safety

is “Surveillance of Accident Locations by
Electronic Data Processing Methods” (PB-169
821/SZZ). The 68-page report, priced at $3.00
(75¢ in microfiche), describes the California
Highway Division’s use of EDP to identify,
rate and analyze problem locations.

One of the most widely awaited reports, and
one that will likely settle many arguments over
whether modern technology can help to speed
emergency aid to an accident scene faster than
patrols and telephoned reports from motorists,
is PB-169 858/RZZ, “Effect of Television
Surveillance on Police Response Time to an
Urban Freeway Incident” ($2.00, 50¢ in
microfiche). In a nutshell, the answer is “yes.”

The test was made by the National Proving
Ground for Freeway Surveillance Control and
Electronic Traffic Aids and was supported by 12
states, the city of Detroit and Wayne County,
Mich. Surveillance by 14 TV cameras covered 96
per cent of a three-mile section of the Lodge
Freeway and resulted in an average saving of
2-1/2 minutes in the police or wrecker’s
response time to an accident.

Satellites for auto safety?

Official comment by the Commerce
Department NASA and Comsat on a recent
statement by Henry Ford, 2nd boils down to:
“We don’t know what he is talking about, but
whatever it is, it may not be a bad idea.”-
“It” was the Ford Motor Company board
chairman’s statement that he would soon
present to the government a scheme for a
nationwide traffic control system using
satellite reconnaissance. Ford, in a New
Orleans speech, admitted that it may

seem “fantastic” but added that “we
believe such a system will be technically
feasible and economically sound” (see ED 18,
Aug. 2, 1966, p. 13).

The only demurrer came from a Commerce
Department spokesman who said: “I
think GM’s scheme to take attention

away from the auto safety bill—their
radio gimmicks—makes more public relations
sense than Mr. Ford’s satellite; those car
makers have been trying to figure out how to
use satellites for advertising since 1958.”

ON READER-SERVICE CARD CIRCLE 246 >



Digital Equipment Corporation’s PDP-8 pro-
gramed data processor, in which these modules
are used, is a compact general purpose digital
computer with a high speed, random-access,
magnetic-core memory for engineering, scienti-
fic, and educational applications.

B Allen-Bradley hot molded resistors have established
such a consistently superior performance record over the
years that Digital Equipment Corporation uses them
exclusively in their computers—with no substitutes per-
mitted under any circumstances!

While Allen-Bradley quality is the number one reason
for this standardization, Digital reports that excellent service
from Allen-Bradley is an advantage of vital importance to
them, too. For example: “Recent expansion of FLIP
CHIP production to meet the demand for PDP-7 and
PDP-8 computers quadrupled our component needs. With
Allen-Bradley’s help there wasn’t a single hitch in the
production speedup.”

The unvarying quality of Allen-Bradley resistors—
million after million, year in and year out—results from
an exclusive hot molding process. The precision automatic

“When we use A-B hot molded resistors
instead of some other make,

it’s one less component
we have to worry about”’

Digital Equipment Corporation

FLIP CHIP T.M. Modules—The Digital Equipment Corporation trade-
mark for a new kind of digital system module uses Allen-Bradley
hot molded resistors exclusively.

yai}

TyPE BB 1/8 WATT MIL TyrPe RC OS5

R

”ll

MIL TYPE RC 07

MIL TyPE RC 20

HOT MOLDED FIXED RESISTORS are available in all standard EIA
and MIL-R-11 resistance values and tolerances, and can usually
also be furnished in values above and below standard limits. Shown
actual size.

equipment developed and used only by Allen-Bradley
produces such uniform properties that long term resistor
performance can be accurately predicted. Please note,
Allen-Bradley hot molded resistors have never been
known to fail catastrophically in service.

For complete specifications on Allen-Bradley hot
molded fixed and variable resistors, please write for
Technical Bulletin 5050: Allen-Bradley Co., 222 W.
Greenfield Ave., Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited. Export Office: 630 Third
Ave., New York, N.Y., U.S.A. 10017.

65-08-6E




An Allen-Bradley announcement
of importance to motor designers

The new MOG6-C ferrite magnet having 30% higher intrinsic coercive force

B The new Allen-Bradley MO6-C ceramic permanent
magnets provide at least 309, increase in the highest
previously available intrinsic coercive force—obtainable
with A-B’s MO5-C material. This advance is achieved
with the same high residual flux density.

Designers of permanent magnet motors have a choice
of these advantages—309, higher resistance to demag-
netization, or 309, increase in motor output, or 309,
increase in cold temperature protection. In fact, where
the higher coercive force is not required, the designer
can give himself a 309, reduction in magnet size.

This new Allen-Bradley MOG6-C material opens the
door to such motor designs where permanent magnets
heretofore were not practical, namely for motors used
in many portable tools and appliances. Like with the
MOS5-C material, these new MOG6-C magnets are radially
oriented, and are available in virtually all sizes and
shapes currently being produced in segments for motors
from 1" diameter to 10 hp. While MO5-C magnets will
continue to satisfy most needs, MOG-C enables de-
signers to satisfy more exacting motor design require-
ments because of its unusually high intrinsic coercive force.

Allen-Bradley application engineers will be pleased
to help you obtain maximum economy in your motor
design through optimizing magnet performance. Please
let us hear from you. Allen-Bradley Co., 222 West
Greenfield Avenue, Milwaukee, Wisconsin 53204.
In Canada: Allen-Bradley Canada Limited. Export
Office: 630 Third Ave., New York, N.Y., U.S.A. 10017.
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Jump on the

with the
new ES traveling-wave tube.

With the introduction of their new, T30AID ultra- from 2.5 to 11.0 GHz; minimum gain of 10.0 db. with

broad-band traveling-wave amplifier, Electronic a gain spread of less than 8 db.; and a maximum
Specialty Co. now covers the microwave spectrum length of 7 inches by 134 inches in diameter and a
from S to X Band with one TWT. weight of 14 ounces. ES traveling-wave
Developed by the Tucor Section of SMALLSIGNAL CAINIY S EREQLENCE amplifiers are rugged, metal-ceramic
Electronic Specialty’s Connecticut o DY, i, constructed and fulfill the require-
Division, the new tube can be used in | v ments of MIL-E-5400, MIL-T-5422,
place of three separate tubes and is E i and MIL-E-16400. If you’re interested
designed for high performance air- Bis in the whole story, and it’s an impres-
borne or surface systems. ; sive one, jump on the broad-band

Important specifications for the °%3 2 S 110 | wagon and write for complete details
T30AID include a frequency range and the T30AID technical bulletin.

ELECTRONIC SPECIALTY CO. 4561 Colorado Blvd., Los Angeles, California

Los Angeles, Calif./Anniston, Ala./Ft. Madison, Ia./Harrisonburg, Va./Hurst, Tex.|Pomona, Calif./Portland, Ore. [ Thomaston, Conn. [ Toronto, Ont.
. In Europe contact Elektro-Metall, Dusseldorf, Germany.

Speed Inquiry to Advertiser via Collect Night Letter

ON READER-SERVICE CARD CIRCLE 16
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NEWS

New theme: music on a cathode-ray tube

Graphic console and light-pen give computer
composer a new form of score pad and pencil.

Roger Kenneth Field
News Editor

There may come a time when a
small boy will pick up his baseball
glove and bat and go home to prac-
tice music on his computer.

At least so says Dr. Max Mat-
hews, director of behavioral re-
search at Bell Laboratories, Murray
Hill, N.J. He has developed an easy
system for composing and playing
music electronically.

For a number of years engineers

have been able to summon music
from the cores of a computer. But
they had to use an enormous num-
ber of punched cards to do it, and it
helped if the composer was also a
programer.

Now a composer can make a few
strokes across the face of a cathode-
ray tube with a light-pen and type a
few simple directions on a key-
board. After a brief computation,
the computer plays his new compo-
sition. The strokes of the light-pen
describe the amplitude, frequency

and duration of each note (see illus-
trations on this page).

Dr. Mathews’ notation system
gives the composer enormous flexi-
bility. With great effort he could, of
course, translate well-known pieces
for string ensemble (or even the en-
tire orchestra) into this notation
for the computer. But the real
strength of electronic music lies in
its ability to fabricate completely
new sounds—sounds that couldn’t
possibly be produced on any me-
chanical musical instrument. Here
the composer isn’t limited by the
agility of the performer, by the
tone color of available instruments
or traditional meters and rhythms.

(continued on p. 36)

At left: Dr. Max Mathews of Bell Laboratories and

It takes a light touch to be a 20th-century Beethoven

S TERETEY

FF
C8g F
\ AMP. 2|
c P
X \
=
% A // /\ '4'
EREIE
7 2
&
ce
= ] EEE ot 2 mﬁ_x 1.
0 4 12 16 20 24
PLA 3 21 0 20

in music; DUR for duration of each note, and GLI

a programer, Lawrence Rosler, compose music the
new computer way. Instructions are written as a
series of “frames” with a light-pen on a cathode-
ray tube. Right: An actual music pattern, or frame,
as seen on the tube face. The markings on the right
vertical scale refer to the musical terms pianissimo
(PP), or very soft; mezzoforte (MF), or medium
loud, and fortissimo (FF), or very loud. These mark-
ings are used in conjunction with the amplitude curve
(AMP 1 20, in which “1” tells the computer that one
instruction number—namely ‘“20”"—follows, and the
“20” tells it that this amplitude pattern covers 20
beats). Similarly FRE stands for frequency, or pitch

for glissando, a term that indicates a slide up to a
note. The markings along the left vertical scale
represent the frequencies of notes—in this case,
the note C. The B in the upper lefthand corner is a
letter used to identify this particular frame. Instruc-
tions to the computer in the lower lefthand corner
mean: PLA (play) 3 (three numbers to follow) 21
(waveform number 21) 0 (starting at beat 0) 20
(ending on the 20th beat). TER 1 1 simply tells the
computer to stop when it has finished. Two or more
frames like this can be played simultaneously. This
frame required about two minutes of time on an
IBM 7090.
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OvEnLOAD PIOTECTID
YouT- aman AC

RESET .

& S l 100 MA.
0 WA

2.5V. \ \_ (ua.

oV ‘ | 9 Rt

500 \ - ruio0

&
260V: \\ £10,000 sba0

Here’s the most foolproof volt-ohm-milliammeter
ever made. Protection approaches 1009,. It’s the
VOM you will want to have on hand where inex-
perienced people are running tests ... or will reach
for yourself on those days when you’re all thumbs.
The 260-5P will save you all kinds of headaches from
burned out meters and resistors, bent pointers,
and inaccuracies caused by overheating.

Combined Protection You Won't Find
In Any Other VOM o N LY 385.00

1. Reset button pops out to indicate overload.
2. You cannot reset circuits while overload is present. Write for Bulletin 2072

3. Protective circuit does not require massive over-
loads which can cause hidden damage to the
instrument.

. All ranges are protected except those not feasible Ranges—The 260-5P has the same ranges and takes
in a portable instrument—1000 and 5000 volts the same accessories as Simpson’s famous 260-5
DC and AC; 10 amp DC. volt-ohm-milliammeter.

SIMPSON ELECTRIC COMPANY

5202 W. Kinzie Street, Chicago, lll. 60644 « Phone: (312) EStebrook 9-1121
Export Dept.: 400 W. Madison Street, Chicago, Ill. 60606 Cable, Amergaco
In Canada: Bach-Simpson Ltd., London, Ontario

In India: Ruttonsha-Simpson Private Ltd., International House,

Bombay-A Road, Vikhroli, Bomba
Representatives in Principal Cities omEaynEIa-p : y

...See Telephone Yellow Pages DIVISION

WORLD'S LARGEST MANUFACTURER OF ELECTRONIC TEST EQUIPMENT

ON READER-SERVICE CARD CIRCLE 17
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Why is this $5 NIXIE tube

better than anyone else’s readout?

it packages hetter!

Lowest cost of any electronic readout is only part of the
story of our Type B-5440 NIXIE tubes.

Another part of the story is how well they package.

Like their size. Overall tube width is 0.75” maximum.
You can line them up with less than 0.80” center-to-center
spacing. This means you can get 10 digits in a panel 8
inches wide.

The seated height of the B-5440 is a mere 1.8” maxi-
mum. Yet, you get a full-size 0.6” character readable at
30 feet.

The tube stem has been especially designed to permit
the use of printed-circuit boards with maximum line width

and spacing. This reduces pc-board costs.

And finally there’s a socket assembly we've designed
that not only allows flush-mounting with the front of the
instrument panel, but also is compatible with the latest
printed-circuit board techniques. Result: up-front viewing,
reduced assembly cost, best packaging density.

For a slight additional cost, you can have independently
operable decimal points positioned left and right, as shown
above (Type B-5441).

Price of the B-5440? Oh, yes. Under $5 in 1000 quan-
tities. Compact price for a compact package.

Use the reply card, or call us for full information.

Only Burroughs manufactures NIXIE Tubes

[ )
g Burroughs Corporation ELECTRONIC COMPONENTS DIVISION

PLAINFIELD, NEW JERSEY 07061
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| FREQUENCY

uN1681S) - STANDARD

RUGGED
COMPACT

Provides Frequency Stability as high as 5 x 10-10 per day as + 7
x 10-11 per degree C change in ambient temperature ... 1mc to
5mc range.

Maximum total input power is 1% watts.

Available in three model variations offering optional degrees
of performance. Panel or chassis mounting; external Varicap
control for frequency adjustment on panel mounting models.
The JKTO-48 Series provides an economical solution over a wide
range of frequency management requirements.

Write for Data Sheet JKTO-48 for complete specifications.

CTS Knights, Inc.

of Sandwich, Illinois
_ (formerly The James Knights Co.)
a subsidiary of CTS Corporation, Eikhart, Indiana

ON READER-SERVICE CARD CIRCLE 68

PRODUCTION & PACKAGING

Decal detects heat
Easy-to-use decals are accurate
temperature. indicators for systems

checks. “Temp-Plate” indicates
temperature by an irreversible
change from pastel to black, serving
as a positive record of exposure. Ac-
curacy is *=1%. The decals are
unaffected by vacuum, can be im-
mersed in hot liquids and are easily
removed. They are available in tem-
perature ranges from 100 through
1100°F in sizes from 3/16 in. diam-
ter to 3 x 5 in.

William Wahl Corp., 1001 Colora-
do Ave., Santa Monica, Calif.
Phone: 213 451-9711.

Booth 157 (HP) Circle No. 373

Dry gas pump

Handling small amounts of dry
air and other inert gasses, this
pump will deliver up to 5 ft?/hr
against an external pressure drop
of 1 psi. An integral needle valve is
included for flow adjustment over a
wide range. Suited for circulating
gases in sampling loops, this pump
meets MIL specs.

Laboratory for Electronies, Inc.,
Eastern Industries Div., 100 Skiff
St., Hamden, Conn. Phone: (203)
248-3841.

Booth 539 (HP) Circle No. 384

ELECTRONIC DESIGN, August 16, 1966



Two new high power
silicon transistors:
200V & 300V, 3.5A, low cost

These new Delco NPN transistors are designed to do
a better job in your medium-high voltage inverters,
converters, regulators and switching circuits.

Low saturation resistance (typically 0.3 ohm) and
built-in protection against high-voltage transients
make these two new devices ideal for rugged switch-
ing applications.

High punch-through voltage, high frequency re-
sponse, and low saturation resistance are provided by
the silicon element itself, which is fabricated by our
unique triple sequential diffusion process. Exceptional
resistance to thermal and mechanical shock are a re-
sult of ultrasonic bonding of aluminum to aluminum

base and emitter contacts.

Both devices are packaged in solid copper Delco
TO-8 packages which give them ruggedness and low
thermal resistance (typically 0.75° ¢/w).

Contact your nearest Delco sales office or distribu-
tor for complete data, the low prices and off-the-shelf
delivery.

| ‘ Vceo ‘ hre R(sat)
TYPE Veeo Veso (sus) | Ic I8 | Vee= typ
[ | 5V@ic @ Ic
DTS 410 | 200V | 200V | 200V min| 35A | 208 |10@25A S
™ ; : T A T T
DTS 411 | 300V | 300V ‘ 300v min | 354 | 208 [10@25A[ %P

SEE YOU AT WESCON, BOOTHS 1503-4, SPORTS ARENA

FIELD  UNION, NEW JERSEY*  DETROIT, MICHIGAN

SALES Box 1018 Chestnut Station 57 Harper Avenue
(201) 687-3770 (313) 873-6560

OFFICES SYRACUSE, NEW YORK CHICAGO, ILLINOIS*
054 James Street

1
(315) 472-2668 (312) 775-5411

SANTA MONICA, CALIFORNIA*
726 Santa Monica Blvd.

(213) 870-8807

General Sales Office:

5151 N. Harlem Avenue 700 E. Firmin, Kokomo, Ind.
(317) 459-2175

DELCO RADIO =

Division of General Motors
Kokomo, Indiana

*Office includes field lab and resident engineer for applications assistance.
ON READER-SERVICE CARD CIRCLE 20
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Look what COHU brings you

in a DC voltage standard
for just $1600!

outside view: engineer’s view:

MODEL 321/323 series
DC VOLTAGE STANDARDS

conu
HE RS T AN K AT AR

@ ‘

'“ 2 Oto +£1111.110volts
10 volt, 100 volt, 1000 volt ranges
10-pv, 100-pv, 1-mv steps

current up to 25 ma

0.019 accuracy

0.0025 9, voltage output
stability/8 hours

0.0059 voltage output
stability/30 days

diagrammatic view:

0.001 ohm source impedance

( o

RESISTANCE DECADE SAMPLING

AND VOLTAGE-SETTING
’ OUTPUT | overcurrent protection
TUBE HIGH QUTPUT

floating output

SWITCHES
VOLTAGE

SUMMING ;
JUNCTION AMELEHIEN e POWER ~
=l
et
o

SUPPLY
RANGE RESISTORS

ST Sesbiol SR

—{ -

AND SELECTOR
o , O with nullmeter: $1700

OUTPUT

REFSEI[TNCE cabinet: $1800

e SAMPLING

L @ cabinet/nullmeter: $1900

Box 623
Write today for detailed information or a demonstration of this latest i,a,ﬁ,fé’e 53}?7[;’35,7"(;3 Sl
voltage standard in the COHU line. Representatives in all major cities.

All prices F.0.B., San Diego, California. (Additional export charge.)
See us at WESCON, Hollywood Park, Booth 111

ELECTRONICS,INC
SAN DIEGO CALIFORNIA

ON READER-SERVICE CARD CIRCLE 21
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DOW CORNING

Before you abandon
that new design. ..

check with us

In 1903 this battery operated telephone was an
innovation . . . a turn of the crank and you could call
one of the few subscribers in the area.

Suppose those who designed this unit had access to
today’s technical skills. Would it have looked like this?

Hardly!

Suppose tomorrow’s electronic materials know-how were
available to you right now. Would it affect your

next product design? Fact is, a lot of it

is available now . .. at Dow Corning.

Dow Corning, the acknowledged leader in silicone
research and development for over twenty years,

has a history of producing materials to meet

unheard of performance requirements . .. and materials
is our only business.

Our Electronic Products Laboratory offers prompt
technical assistance in solving your specific problem.
Write Dept. 3508, Electronic Materials Department,
Dow Corning Corporation, Midland, Michigan 48640.
Or phone (517) 636-8940 for more information and the
name of the Dow Corning representative in your area.

For transparent encapsulation
of electronic components and systems,
specify Sylgard® 182 resin, usable from
—65 to 200 C. Designed for potting, em-
bedding, encapsulating, this solventless
silicone is applied as a low viscosity fluid
...cures to a flexible, resilient embedment
that permits visual inspection. Cut away
for repairs—replace with new resin. Also—
Sylgard® 183 resin, opaque for security
purposes. Circle No. 851

Uprate device power capacity

by specifying Dow Corning® 340 silicone
heat sink compound to dissipate heat fast.
Does not dry out, harden, gum or melt,
even after long exposure to temperatures
up to 200 C. This grease-like material fills
tiny air spaces, maintains total contact
between components and heat sink or
chassis . .. assures faster, uniform heat
transfer. Circle No. 852

For “zero defect” device packages,

Dow Corning® brand silicone molding
compounds are chemically inert . .. do not
affect device performance. Designed for
transfer molding, compounds produce
void-free, dimensionally-stable, self-ex-
tinguishing, moisture resistant packages
... assure reliability from —65 to 250C. ..
low dielectric losses at high frequencies
and temperatures. Circle No. 853

We're a materials producer exclusively. Let us tailor a material to your need.

Speed Inquiry to Advertiser via Collect Night Letter

ELECTRONIC DESIGN, August 16, 1966
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Only Norden delivers monolithic integrated
circuit chips with dielectric isolation
of active elements on a routine production basis.

Norden's Glastrate isolation process shields each active
element on a monolithic chip from other elements of the cir-
cuit. The Glastrate layer gives radiation hardening, improved
performance and higher reliability by inhibiting parasitic elec-
trical currents.

Through successive oxidation, etching, reoxidation, epitax-
ial growth and removal of excess silicon, Norden isolates
each active area on a silicon wafer within its own Glastrate
cocoon. Then NPN, PNP or field effect transistors are devel-
oped in the isolated regions by the usual diffusion processes.

EMITTER

COLLECTOR

Norden — supplier to the Minuteman ¢ Polaris » Apollo * Saturn ¢« LEM CESLT e C-5A « IHAS » B-58.

If you need integrated circuits with improved radiation
hardening, higher electrical performance and greater relia-
bility, write Dept. E, Norden Division, United Aircraft Corp.,
Norwalk, Conn. 06856, or call (203) 838-4471.

Because of its growing role in the microcircuitry field,
Norden has many openings for qualified solid state engineers
and technicians. Send your resume to Personnel Department,
Norden, an equal opportunity employer, M&F.

Norden DIVISION OF UNITED ﬁCRAFT CORPORATION

NORWALK, CONNECTICUT

See us at Booths 1130-1132, Sports Arena, WESCON
August 23-26.

ON READER-SERVICE CARD CIRCLE 23
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no sleight-of-hand here!

you leave nothing to chance with Uni-Sel

Unisel—the newest development in selenium
rectifiers—a high density selenium cell, super-
ior to all other types—is found where manufac-
turers are troubled with high temperature, high
voltage conditions. Nothing is left to chance!
The product of an extensive research and de-
velopment program coupled with the industry’s
most complete selenium facility—this entirely
new type of selenium cell has current carrying
capability that makes possible reduction in cell
size never before achieved.

Available in all cell sizes with voltage ratings as
high as 45 volts.

SYNT7RON

SYNTRON COMPANY

283 LEXINGTON AVENUE < HOMER CITY, PA.

66R19

ON READER-SERVICE CARD CIRCLE 24
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AGASTAT

time / delay / relay

The miniature AGASTAT pneumatic time/
delay/relay packs plenty of performance
into spaces like the one above.

It measures only 1% x 1% x 5, is as accu-
rate as any large t/d/r, and more reliable
than most. Neither voltage changes, temper-
ature changes nor transients will affect its
timing cycle. That's because AGASTAT
timers have an exclusive pneumatic timing
head that recirculates gas through an ad-
justable orifice to regulate timing.

This pneumatic action also means you
get instant recyling, with full timing periods
regardless of how often the cycle is inter-
rupted before relay “times out.” And be-

cause timing is pneumatic, it can even time
without electric power!

These AGASTAT models also have an ex-
clusive dial head that lets you make simple,
but accurate, linear adjustments over the
full timing range of each unit with just a
single revolution of the adjustment screw.
(Nine timing ranges cover a total span from
0.03 second to 3 minutes.)

They're available with. delay on pull-in or
drop-out or both in one unit. You can also
choose from a wide selection of mounting
and terminal styles. All popular ac or dc op-
erating voltages.

Send for our catalog. M7

TIMING INSTRUMENTS

ELASTIC STOP NUT CORPORATION OF AMERICA

AGASTAT ‘&

AGASTAT DIVISION = ELIZABETH, NEW JERSEY

IN CANADA: ESNA LIMITED, 271 PROGRESS AVENUE, SCARBOROUGH, ONTARIO
Speed Inquiry to Advertiser via Collect Night Letter

ON READER-SERVICE CARD CIRCLE 27
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Fog! Diode laser
signals warning

A new detector that warns of
the presence of fog is based on di-
ode-laser action. It can be used to
protect offshore oil rigs, warn high-
way traffic and supplement existing
airport control systems.

The new detector determines fog
density, and thus visibility, by
measuring the backscatter from its
projected beam of near-infrared
light. The emission is enhanced
against background illumination by
modulation of the transmitter light
source and by the use of coherent
detection in the receiver.

The detector, developed by
Hoffman Electronics Corp., Santa
Barbara, Calif., uses a gallium ar-
senide diode-laser transmitter light
source. Radiation from the diode is
directed - into a spherical mirror
that converts it into a collimated
light beam. The beam, aimed into
the atmosphere, is reflected by any
fog particles present.

Reflections are measured by a sil-
icon photovoltaic solar cell in the
receiver, mounted adjacent to the
transmitter. When the reflection in-
tensity reaches a predetermined
danger level, a warning is automat-
ically sounded.

Hoffman engineers assert that
the detectors would reduce man-
power and other costs at manned
foghorn stations, eliminate the need
for continuous operation of un-
manned stations and accurately
measure visibility. The engineers
also say that groups of detectors

DETECTOR
N\ AMPLIFER
= E BACKSCATTER
B @ E LIGHT
i 1/ 444444
MIRRORS J“ WINDOWS

W

GREI

sawpie DIopE LaseR
DETECTOR
MOUNT

Near-infrared diode laser in transmit-
ter (A) is used to determine fog den-
sity and visual range by measuring
light scattered back to receiver (B).
System is used for navigation warn-
ing and traffic control.
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Fast convenient

direct reading
measurements of

impedance and

phase angle 500 kHz
to 108 MHz...

See New HP Instruments and
Measurement Seminars at
WESCON—Hollywood Park

THE 4815A RF VECTOR IMPEDANCE METER

This new Vector Impedance Meter is a
versatile instrument that provides fast,
direct reading measurements of imped-
ance and phase angle over the frequency
range from 500 kHz to 108 MHz. It is
continuous tuning over this frequency
range, and does not require balancing or
data interpretation. Thus, it is an ex
tremely useful tool for the evaluation of
the complex impedance of both active
circuits and components. The conven-
ience of probe measurement, ease of
operation, and direct reading features
make the instrument equally useful for
laboratory, receiving inspection or pro-
duction line measurements.

ELECTRONIC DESIGN, August 16, 1966

The 4815A is a convenient and powerful
measuring tool for any application in-
volving measurements over a band of
frequencies or in-circuit measurements.
It may be used to determine the self-
resonance point of capacitors, the series
and parallel resonance points of crystals,
or the characteristics of high frequency
transformers and transducers. Price:
$2650 f.0.b. factory. For complete spec-
ifications, contact your local Hewlett-
Packard field engineer or write Hewlett-
Packard, Rockaway Division, Green Pond
Road, Rockaway, N. J. 07866; Europe:
54 Route des Acacias, Geneva.

HEWLETT

ON READER-SERVICE CARD CIRCLE 28

Advantages:

Fast, continuous tuning from
500 kHz to 108 MHz

Provides data directly in impedance
and phase angle, 1 ohm to 100K ohms
0 to 360°

Convenient probe for in-circuit measurements

Analog outputs permit permanent
data recording

Self calibration check provides
measurement confidence

Low-level test signal minimizes
circuit disturbance

PACKARD

An extra measure of quality
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REASONS
WHYI L |

BAUSCH & LOMB V.0.M. RECORDERS

ASSURE YOU OUTSTANDING PERFORMANCE

1. Directly measure and record d-c
voltage, current and resistance

. Five built-in variable chart speeds
Built-in event marker

. 17 different input ranges

. Zener diode reference supply

. High off-balance input impedance

. Can be used in three positions—
flat on bench, at a 30° tilt or wall
mounted

8. Photoelectric modulator

9. Full scale zero set—anywhere on
chart span

N o oG s W N

10. Floating input with separate
chassis ground

11. Built-in 100’ take-up reel
12. Modular assembly and plug-in

13.

14
15.

16.

17.
18.
19.
20.

21,

connections for rapid access ser-
vice and maintenance

Serve as accurate vacuum tube
voltmeters in measure position
Lightweight and portable

All calibration adjustments made
without disassembling units
Zener diode d-c supply for ohms
scale

Adjustable damping

Efficient pen design

Low cost, high quality chart paper
Backed by years of experience in
engineering sophisticated electron-
ic circuitry

An entire division is devoted ex-

clusively to the development and
production of electronic products

Bausch & Lomb V.0O.M. Recorders are available in a variety of models with
different full scale sensitivity. We have a wide range of accessories that make
our recorders equal to just about any task required. For your special needs,
we have the capability of designing customized recorders . . . modified to handle
whatever applications you have in mind. Let us hear about your recorder re-
quirements. Write for Catalog 37-2068. Better yet, ask for a personal demon-
stration. Bausch & Lomb, 91532 Bausch Street, Rochester, New York 14602.

BAUSCH & LOMB (@)

ELECTRONICS DIVISION

Visit our Booth # 112 at the Wescon Show, Los Angeles, Aug. 23-26.
ON READER-SERVICE CARD CIRCLE 29
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(fog continued)

along low-visibility stretches of
highway would permit the neces-
sary precautions to be taken to
avoid automobile “pile-up” acci-
dents. Scientific applications include
the use of the detectors for various
atmospheric-attenuation studies.

Light emanates from the trans-
mitter in an approximately 1-degree
beam. The optical axis of the receiv-
er is set to intersect the optical axis
of the transmitter at about 10 me-
ters. The receiver focuses light
reflected from the fog into a detec-
tor. Light scattered from the fog is
measured as a dc output voltage
proportional to fog density.

Internal comparator and timing
circuits permit the system to evalu-
ate changing fog conditions and to
reject transient fog or vapor clouds.

The gallium aresenide diode
within the system emits 9100-ang-
strom (near-infrared) light with a
spectral distribution of less than
500 A. It is modulated at 8 kHz.

The silicon solar cell in the detec-
tor was selected for peak photon-
gathering efficiency in the 9000-A
region.

A battery source of 16 to 11 V
provides the required 10 V to oper-
ate the unit. Less than 5§ W are con-
Sumeu. " ®m

Device directs laser beams

Electronic device, developed by Syl-
vania Electric Products, Inc., controls
incoming and outgoing laser beams in

an optical communication system
without diminishing their power.
Called an optical beam-direction

control, the unit directs transmitted
beams straight ahead but bends in-
coming beams to prevent their enter-
ing the transmitter.

ELECTRONIC DESIGN, August 16, 1966



At last, a line of
dual dift-amp transistors
with specified
differential base current drift

Diﬂ'erential base current drift is a single parameter that lumps the
temperature-dependent effects of forward gain and leakage current.

Gain is dependent on temperature . . . and even with perfect Vg
matching between transistors...and with negligible I¢po, the variation
of hgr with ambient temperature will limit the sensitivity and lin-
earity of your differential amplifier design.

Simplified differential amplifier design and accurate prediction of
circuit performance are the direct advantages of specifying differen-
tial base current drift in addition to the tracking parameters.

Until now it has been customary to ignore both gain and leakage-
current tracking and to specify only Vg matching. But now Amperex’
advanced matching techniques and more sophisticated test facilities
and procedures can produce, measure and guarantee the best gain/
leakage tracking available today and Vgz matching second to none.

This close tracking of both Vg and Iy is specified over a tempera-
ture range of —55°C to +125°C, the entire range of useful per-
formance of the transistors and circuit components themselves.

If you specify or design differential amplifiers, the Amperex A600
Series dual diff-amp transistors in 6-lead TO-5 cases offer you the
best all around performance you can get as well as the most signifi-
cant, designer-oriented specifications available today.

TYPE | A|1B; -IBz| |2|VBE; -VBEz| hFE hFE
NUMBER AT AT Ic = 100 pA | Ic = 10 pA

A607 1.5 nA/°C | 5uV/°C 100 50
A608 1.5 nA/°C [ 10uv/°C 100 50

AIB -IB

>kAIB (differential base current drift) = AXI—ZI-
ATA
AV diff tial volt drift) = g VBEI S VBE2
BE( erential voltage dri = ATh

Detailed specifications on the transistors listed above, applications
data and a special engineering report on the significance of I track-
ing are available now. Write: Amperex Electronic Corporation, Semi-
conductor and Receiving Tube Division, Dept. 371, Slatersville,
Rhode Island 02876.

Amperex

ON READER-SERVICE CARD CIRCLE 30
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MIGRO-MINIATURE GONNEGTORS
WITH GRIMP REMOVABLE GONTAGTS
AND GENTER SCREWLOCK

REMOVABLE CONTACTS
.100 CENTERS

SERIES 25MM
ACTUAL SIZE
50 CONTACTS di=

INTERCHANGEABLE IN
PLUG & RECEPTACLE g

078DIA
25MMS0PS
RECEPTACLE PLUG 25MM505

STANDARD TYPE TOOLS
FOR REMOVABLE CONTACTS /

3-TINE TENSION SPRING CLUTCH

INSERTION REMOVAL CRIMPING
TOOL TOOL TOOL
No. 2558 No. 2559 No. 11331

OW, crimp termination, removable contact connectors are

available in microminiature size with the added feature
of a center screwlock locking device for plug and socket.
Rectangular configuration supplied with 50, 100 or 200 con-
tact sizes. Three-tine tension spring clutch on pin and socket
contacts provides maximum holding area between contact
and molded block. All sharp-edged “molded-in” metal inserts
have been eliminated with this clutch-type construction.

Contacts are supplied separately and wired independently of
the connector body. This permits mounting of the plug and

socket units at any convenient time without waiting for com-
pletion of the wiring operation.

Write or phone for complete technical in-
formation on Series 26MM and Series 25
Removable Contact Connectors. Free 16-page
catalog includes outline drawings, specifica-
tions and ordering information. Phone (212)
TW 9-4422 or write Continental Connector
Corporation, 34-63 56th Street, Woodside,
N.Y. 11877.

MICRO-MINIATURE ¢ MINIATURE ¢ PRINTED CIRCUIT ¢ RIGHT ANGLE PIN & SOCKET « CENTER SCREWLOCK ¢ SPECIAL DESIGNS

CONTINENTAL
CONNECTORS

A i
ONTINENTAL CONNECTOR CORPORATION « WOODSIDE, NEW YORK 11377 « TELEPHONE: (212) 899-4422
SEE US AT WESCON BOOTHS 1248-1249

ON READER-SERVICE CARD CIRCLE 31
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NEED A SUPPLIER WHO MAKES
RELIABLE REED SWITCHES
AND RELAYS?

RBM CONTROLS IS DOING IT NOW!

(e adll fiom O ittt

We make the complete switch—with automatic equipment in white room
facilities for consistent characteristics and reliability. We assemble these
unexcelled switches into relay packages. This single source responsibility

means total reliability for you. Numerous pole forms are available—mini-
ature or standard switches or relays.

Ask Your Local RBM CONTROLS Sales Engineer for Special Reports
Relative to Your Application.

Serving Major Markets Since 1921
i REBM CONTROLS

CONTROLS Division Essex Wire Corporation

Logansport, Indiana

STANDARD CONTROLS
ARE AVAILABLE FROM YOUR
ELECTRONIC PARTS DISTRIBUTORS

SEE US AT THE IEEE SHOW BOOTH 2H35
Speed Inquiry to Advertiser via Collect Night Letter

ON READER-SERVICE CARD CIRCLE 32
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WIRE HARNESS LACING, like most
manual jobs—costs money!

- Saving by using low cost lacing material
seems good economy...

- ... Until production lags and rejects pile up!

GUARANTE
 Of Quality
This GUDEBROD Lacing
Tape is Manufactured
under strict Quality
Control. Complete test
data is on file for your
protection under
Lot 418861

» For real economy you need the uniformity, the
high quality of GUDEBROD LAGING TAPE.

« That's why this guarantee
can help you cut costs in
cable harnessing!

You owe it to your zero defects program to investigate Gudebrod lacing

tape. Its guaranteed quality and its constant uniformity are important
to you—and to your harnessing operation. Why? Because Gudebrod
smooths and speeds the hand operation of lacing and knot tying.
There's no need for readjusting or retying. Rejects are minimal. The
result? You save time—and that saves money and hastens delivery.
Gudebrod sets its manufacturing standards high and adheres to them.
When you use Gudebrod tapes you can set production goals and
achieve them. This is the combination that saves you money in your
harness department. Ask for the Gudebrod Product Data Book.

GUDEBROD CABLE-LACER

The first hand tool engineered for wire harnessing.
Handle holds bobbins, feeds tape as needed,
grips tape for knotting. Speeds, eases
harnessing. Pays for  —

o

itself in time saving. /’W

\

R\

pr

12 SOUTH 12th STREET,

/ Area Code 215, WA 2-1122

UDEBROD BROS. SILK CO, INC.

FOUNDED IN 1870

i

PHILADELPHIA, PENNSYLVANIA 19107

ON READER-SERVICE CARD CIRCLE 33
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Now, Librascope’s new L416 Inte-
grated-Circuit Disc Memory,
specifically designed as a high-
capacity, fast-access, low-cost
disc file for use with low-cost
digital computers in commercial
applications.

e 6-and 12-million-bit capacity
(expandable to 18 or 24), with cost per
bit materially reduced by high pack-
ing density.

« fast access, averaging 8 milliseconds.
* outstanding magnetic performance,
assured by hard-cobalt disc coating and

ELECTRONIC DESIGN, August 16; 1966

an automatic-retracting mechanism that
prevents flying heads from touching
discs even during starting and stopping.

« fully integrated circuitry mounted
directly on the head-mounting plates to
conserve space, increase operating
reliability.

« lightweight: less than 100 pounds for
a 12-million-bit memory.

« consider the L416, newest member of
the computer industry’s most complete
line of disc memories.

« for complete details, write for our
technical bulletin.

CN READER-SERVICE CARD CIRCLE 34

at a new

low cost
per bit

COMPONENTS DIVISION

@ CENERAIL
PRECISION =

LIBRASCOPE GROUP

[ O[] 808 Western Avenue [ [ [][]
[ ] [C] Glendale, California 91201 ][] []




This is a
rather unusual
frequency converter.

7k 6255A FREQUENCY oomm
[(7’ NEVLKTT PAOKARG '

INPUT

3-12.4 GHz
CAUTION
10dBm MAX

Can you see why?

ELECTRONIC DESIGN, August 16, 1966



For one thing, the frequency range is 3 to 12.4 GHz! [] For
the first time you can measure through X-band with a
heterodyne plug-in converter and electronic counter. []
You get up to 1 Hz resolution with unprecedented speed
and simplicity. [] You retain the accuracy and every meas-
urement capability of the 5245L Counter. [] Read about
this important development in microwave measurement.

Plug the hp 5255A into your hp 5245L
Counter, and you can now measure fre-
quencies from 3 to 12.4 GHz. The high
frequency and wide range make the
5255A unique. (By comparison, no other
heterodyne converter lets you measure
beyond 3 GHz!) And it's so simple, even
non-technical operators make fast, accu-
rate measurements.

Readoutto1Hzin 4 seconds Or 10 Hz
in 0.4 seconds, etc.

Heterodyne converter accuracy and
simplicity There are no complicated
computations. Look at the front panel and
you can see how easy it is to make
measurements.

Start from the bottom (2.8 GHz) and
tune the dial until the level indicator
moves into the green. Stop and read the
dial. (The marks light up to be sure you
read the right one. Each one represents
a 0.2 GHz increment from 3 to 12.4 on
an almost linear scale.) Then, just add
the counter reading to the converter dial
reading, and you have your measurement.

Measures frequency modulated

signals The 5255A will tolerate many
MHz of fm and still accurately measure
the average value of input frequency.

No spurious responses No need to
waste time trying to figure out which of

several indications is true. (Another
safety feature: if an input signal drop-out
occurs during measurement, the con-
verter automatically inhibits the counter
from making any reading.)

High sensitivity 100 mv rms (—7 dbm).
or better over the entire range. Low
VSWR input.

Use it as a prescaler or down-con-
verter, t00 You can use the 5255A as
a prescaler to extend the direct readout
range of the 5245L to 200 MHz. Inputs
from 1 to 200 GHz, at the AUX IN con-
nector, are divided by 4 and displayed
directly on the 5245L Counter. No cal-
culations needed. Sensitivity: 5 mv rms.
As a down-converter, it beats inputs
from 3 to 12.4 GHz down to 200 MHz,
maximum, for scope observation, etc.
Or you can use it as a receiver by add-
ing a detector to the AUX OUT connector.

It’s the 9th plug-in for Hewlett-Packard's
5245L Counter, making it by far the most
versatile counter you can buy. For a basic
investment of $2950, you can get an
easy-to-use counter for measuring fre-
quency, period, multiple period average.
ratio and multiples of ratio, and with elec-
trical outputs for recording. Plug-ins for
measurements from dc to X-band, for 1
mv sensitivity, time interval measure-
ment, normalizing and preset counting,

and digital dc voltage measurement
make it even more useful.

Call your Hewlett-Packard field engi-
neer for complete specs or write Hewlett-
Packard, Palo Alto, California 94304, Tel.
(415) 326-7000; Europe: 54 Route des
Acacias, Geneva.

SPECIFICATIONS

Range: As a converter for hp Model
5245L Counter, 3 to 12.4
GHz using mixing frequen-
cies of 2.8 to 12.4 GHz in
200 MHz steps. As a pre-
scaler, 1 MHz to 200 MHz.

Input

sensitivity: 100 mv rms (—7 dbm) as a
converter; 5 mv rms as a
prescaler.

Input

impedance: 50 ohms nominal.

Input

connector: Precision type N (GPC-7
optional).

Auxiliary

output: 1 MHz to 200 MHz differ-
ence signal from video am-
plifier.

Price: $1650.

Data subject to change without notice.
Prices f.o.b.factory.

HP Model 5245L Electronic Counter and the 3 to 12.4 GHz Plug-in Frequency Converter

See New hp Instrumenfs
Attend Measurement Seminars
WESCON—Hollywood Park

HEWLETT (hp PACKARD

An extra measure of quality

ELECTRONIC DESIGN, August 16, 1966
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LETTERS

Nuvistors in preamps are popular idea

Sir:

I read G. C. Kuipers’ design idea
[“Nuvistor and bipolars form low-
noise preamplifier,” ED 15, June 21,
1966, pp. 108 & 110] with consid-
erable interest. The application of a
nuvistor input in a hybrid pream-
plifier for low noise and high input
impedance is, indeed, a popular
idea; in fact, our company has been
using it for years.

The diagram (see below) shows
the preamplifier of our infrared
spectro-photometer. It is a typical

circuit, used with slight modi-
fications in a number of our
products. The circuit diagram

speaks for itself; gain and stability
are somewhat better than Kuipers’
figures, due to a higher feedback
factor in the transistor section. The
13CW4 nuvistor was found superior
to other types in all respects at low
frequency (10 Hz), and the feed-
back loop around the input stage
ensures much higher input imped-

ance and gain stability.

A. D. Boronkay
Senior Electronics Engineer
Scientific Instruments Division
Beckman Instruments, Inc.
Fullerton, Calif.

Author’s reply:

A. D. Boronkay’s remarks and
interest are greatly appreciated.
My amplifier design was intended
and wused im a power-limited, ex-
tremely lightweight optoelectronic
device in which the entire correla-
tion-receiver-type signal process,
including read-out display, con-
sumed less than 900 milliwatts.
As mentioned in the second para-
graph of the article, “in power-
limited” applications, half-power,
half-size Nwuvistors, such as the
A15274B with rated filament pow-
er of 400 milliwatts (the 13CW4 is
rated at 810 mW ), enable use of a
Nuwistor first stage at least to be

considered as a trade-off for moise
figure when compared with mono-
or bipolar solid-state devices.

Attractive compromises which ev-
idently possess inferior noise char-
acteristics but which have been
used by others are the low-noise
audio types A15466 and A15460
which conmsume 630 wmilliwatts of
filument power.

The preamp employing two Nu-
vistors, four tramsistors, and dual
feedback loops presented by Bo-
ronkay as typical in several of his
firm’s imstruments is, as he points
out, obviously superior with re-
spect to stability and input imped-
ance at the expense of additional
power. The output is mot buffered,
which evidently was mot required
for his application.

George C. Kuipers
Associate Sr. Research Engineer
G.M. Defense Research Labs.
General Motors Corp.
Santa Barbara, Calif.
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Siemens and hertz: pro and con
Sirs way ; what did he do?” Objectivity Denmark.

I was astonished to read an at-
tack by Thomas W. Parsons [ED
10, Apr. 26, 1966, pp. 35 & 38] on
the siemens and hertz, especially as
he commits the common techni-
cian’s error of neglecting to consult
the history of technology before
writing: “Who was Siemens, any-

54

and concern for facts are not evi-
dent in his continuation: “I have
not yet found anyone who knows.”
This is all the more regrettable
since U.S. universities have courses
in the history of technology that
are the envy of the present writer,
since there are no similar courses in

A European is also surprised to
read that “Siemens does not belong
in the company of Faraday, Henry
and Ohm.” Research in Denmark
and other European countries re-
veals that there is precisely one
book about Henry and the British

(continued on p. 56)
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ST 800A

A subsidiary of Corning Glass Works
slﬂ"[]lns INI[GHAI[" EIH““IIS E 811 East Arques Avenue, Sunnyvale, California

Tel.: (408) 739-7700 TWX: (910) 339-9220

1000-2499 1 Type Mixed 25-99 1-24

100-999  100-999
SP806A Dual 4-Input Gate Expander 2.95 3.10 3.25 3.70 4.65
SP808A Single 8-Input NAND Gate 2.95 3.10 3.25 3.70 4.65
SP816A Dual 4-Input NAND Gate 2.95 3.10 3.25 3.70 4.65
SP825A J-K Binary Element 455 4.80 5.05 5.75 7.20
SP826A% Dual AC Binary Element 8.00 8.40 8.80 10.10 12.60
SP840A Dual Exclusive-OR Gate 3.30 3.50 3.70 4.20 5.25
SP855A Dual 4-Input Power Gate 3.30 3.50 3.70 4.20 5.25
SP870A Triple 3-Input NAND Gate 3.30 3.50 3.70 4.20 5.25
SP880A Quadruple 2-Input NAND Gate 3.30 3.50 3.70 4.20 5.25

%k Available after July 15

ELECTRONIC DESIGN, August 16, 1966

Nine compatible elements

14 13 12 11 10 9 8

» | e

1 2 3 4 5 6 7
SP806A Dual 4-Input Gate Expander

Bt

1 P 3 4 5 6 y
SP808A Single 8-Input NAND Gate

14

~

il 2 3 4 5 6 7

SP816A Dual 4-Input NAND Gate
SP855A Dual 4-Input Power Gate

1 2 3 4 5 6 2
SP825A J-K Binary Element

3 5 6
SP826A% Dual AC Binary Element

~

14 13 12 11 10 9

-]

1 2 3 4 5 6
SP840A Dual Exclusive-OR Gate

~

=
tn
=
S
©
@

1 2 3 4 5 6 7
SP870A Triple 3-Input NAND Gate
14 13 12 11 10 9 8

SP880A Quad 2-Input NAND Gate

See us at WESCON—Booths 1526-1528—Sports Arena
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LETTERS

(continued from p. 54)

Museum Library possesses the only
copy, as far as I know. The U.S.
Embassy in Copenhagen was unable
to procure a single book about this
man, although they had copious lit-
erature about other American re-
search workers in electronics. It is
therefore not unreasonable to ask:
“Henry ? Who was he?” If Parsons
could give me the necessary literary
references, I should be delighted to
spread knowledge of this man, who
is known to us only as a footnote to
accounts of Morse and Vail!

As for siemens vs ohm, the latter
designation is exclusive to the U.S.,
for siemens is used throughout Eu-
rope. One siemens was defined as the
conductivity of a column of mercu-
ry 1 mm? in cross section and one
meter long at a temperature of O°C.
This unit was established in 1860,
provisionally accepted by the Paris
Electrical Congress of 1881 and
(please note, Mr. Parsons) ap-
proved in principle by the Chicago
Congress of 1893, whose only
modification was in the method of
measuring to be employed.

Let me sketch in the career of
Werner von Siemens in order to
show why we feel there is reason to
honor him:

Werner von Siemens (1816-1892)
invented in 1845 the electromagnet-
ic pointer-telegraph with automat-
ic switching (later used by the rail-
roads) and the rubber-coated un-
derground cable. In 1847 he was
asked to install the first under-
ground cable from Berlin to Gross-
beeren. He used gutta-percha as the
insulating medium; this was used
later for the first submarine cable.
The same year he made the first
commercial electromagnetic tele-
graph using a new type of cable and
thus laying the foundation of a lat-
er, great cable industry. In May
that year he patented a typewriter
to be used in connection with his
telegraph. In 1848 he put together
the first telegraph relay, which be-
came one of the features of the un-
derground line he laid from Berlin
via Halle, Erfurt and Kassel to
Frankfurt am Main. He invented a
fire-alarm system, which, by the
way, also came into use in the U.S.
In 1854 he discovered how to make
telephone calls by the so-called
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differential method. He wrote an
article on the capillary galvanomet-
er for resistance measurements in
1874, and the next year he built one
of the first selenium cells. He made
very important improvements in
the Bell system, and in 1878 discov-
ered the principle of the electrodyn-
amic telephone, on which modern
loudspeakers are still based. In oth-
er technical fields Siemens’ name is
connected with naval mines, cable
machines, ozone valves, electric rail-
ways and so on.

Finally, a word or two about
Heinrich Hertz, since Parsons can-
not understand why we commemo-
rate him by using his name for a
unit of frequency.

Heinrich Hertz (1857-1894) was
the first to investigate the physical
basis of Maxwell’s mathematical
discoveries. This made possible the
generation of electromagnetic vi-
brations and consequently the
whole of wireless telegraphy. He
built a transmitter and a receiver
and devised the tuning principle for
transmitting maximum  power.
Hertz was, in fact, the first to carry
out radio transmission, and it was
on the basis of his work that Mar-
coni became world-famous. Hertz
was the physicist, Marconi the tech-
nician and businessman.

Europeans consider Siemens and
Hertz to be great men in the history
of electronics and with the siemens
(S) and hertz (Hz) we honor their
work as we do that of Ohm, Ampere
and Volta, and indeed—Henry.

Mogens Boman
Lecturer
Academy of Engineering
Copenhagen, Denmark

Sir:

We Americans change the
names of things at times, too. We
have been known to change the
name of a dam, an airport, a cape,
etc. to Kennedy. Herren Lickfeld,
Olfs, Neumann and Niemeyer [ED
15, June 21, 1966, pp. 50 & 54] and
Muschler [ED 16, July 5, 1966, p.
33] all argue eloquently for us to
change the name of the mho to sie-
mens. Perhaps, using the same
logie, they could accept changing
the name of West Berlin to Roose-
veltstadt in honor of that grand
old gentleman who did so much to
make it what it is.

In the U.S,, scientists, engineers
and optometrists have been using

the metric system for decades.
Since the English word for cycle
is almost the same as both the Ger-
man and French counterparts, the
recent change of name for fre-
quency still “hertz.” But now that
Europe has had its way, perhaps
in recompense they could accept a
new international monetary unit—
the dollar.

R. Cameron Barritt
Avionic Devices
Washington, D. C.

Social progress needs
economy, efficiency
Sir:

Vladimir Kenn made a statement
in the June 21, 1966, issue of Elec-
tronic Design [ED 5, p. 65], that
engineers “would make social and
political ‘progress’ in a negative di-
rection” if they as a group became
active. He concludes that this is so
because engineers have been trained
to be conservative, economical and
efficient.

Obviously, he believes that the op-
posite is required—that the answer
for social problems is to be liberal,
uneconomical and inefficient. That is
the unfortunate story of the “Great
Society.”

John W. Jensen
Research Engineer
Litton Industries
San Carlos, -Calif.

Accuracy is our policy

In “3-stage pulse limiter has
short recovery time,” ED 13, May
24, 1966, pp. 86 and 88, errors were
made in the schematic. The +3-V
supply was shown tied to ground; it
should have gone to the common col-
lectors of @2 and Q3. R1 and R2
were shown as potentiometers;
they are in fact fixed resistors. A
corrected diagram is shown below:

o, Q
R3350 N 4

2
2N2784 2N2784 s
il CR, |
g :
L
@‘ %
346 = CORE.

Ry 1 1K 3.5 TURNS|
INPUT 43K

R" 5
/ Rz 75K 5% "—l

L-ISV OUTPUT
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100 uv resolution
auto polarity-display storage
overrange digit

[*595]

The new Hewlett-Packard 3430A Digital Voltmeter is a high-
performance utility instrument ideal for production line work,
repair or inspection stations, in the lab or for quality control.
It offers the highest value available today in terms of price
and performance.

B 100 .v sensitivity for low-level measurements

B Auto polarity

B Non-blinking display, ideal for faster, easier, less
vulnerable measurements

W 609, overrange with an extra digit
W Floating measurement with 10 Meg input impedance
W Fast (half second) response

B Analog dc output from amplifier, useful as a 100:1
voltage amplifier

B RATIO measurement option

See New hp Instruments
Attend Measurement Seminars
WESCON—Hollywood Park

Nowhere else can you get these extra “luxury” features at such
a low cost. High-speed measurement, 100 mv-1000 v, accu-
racy 0.19% of full scale +1 digit, plus the 4th digit for over-
ranging. Measure to +£500 v dc with respect to ground. No
worry about circuit loading with the high input impedance.
High stability with the voltage accuracy guaranteed to 3
months, one-year warranty on the instrument. The only DVM
of its type available with ratio measurement capability, at an
accuracy of £0.15% =1 digit. With the ratio option 01 ($80),
you can normalize transducer dc outputs without taking time
for recalculation. It offers all polarity combinations. The bonus
amplifier output, +0.1% accuracy, increases testing flexibility.

Call your Hewlett-Packard field engineer for a demonstra-
tion or write for complete specifications: Hewlett-Packard, Palo
Alto, California 94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

Data subject to change without notice. Price f.0.b. factory.

HEWLETT \hp, PACKARD

An extra measure of quality

1648
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WE JUST
DROPPED OUR
RTL EPOXY

PRICES.

RTL epoxy TO-5 prices now as low as 18¢ per
2-Input Gate function: 67¢ per JK Flip-Flop function.

+15°C to +55°C

DEVICE PART NO. PACKAGE  1-99 100-999 1,000
[ R S e i
Butfer U8BA990028X EpoxyTO-5 $.80 $5¢ $.38 EAIRCHILD
T T O R i
Dual 2-Input Gate  U8A991428X Epoxy TO-5 80 54 36 SEMICONDUCTOR
JK Flip-Flop U8BA992328X EpoxyTO-5 150  1.00 .67

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation ® 313 Fairchild Drive, Mountain View, California (415) 962-5011 m TWX: 910-379-6435
ON READER-SERVICE CARD CIRCLE 38
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The Absolute Ohm

How a classic ESI system can bring you closer to the absolute in
resistance measurement, and why it can be of more than academic interest
in many electronic labs and plants.

The Absolute Ohm is a theoretical ideal, which can be
ever more closely approached, but never attained.

Its legal value is the resistance standard maintained by
The National Bureau of Standards. The accuracy of your
resistance measurement depends on the degree of “direct
traceability” to this NBS standard.

The ESI 242 Resistance Measuring System permits a
chain of measurements to any resistance level from a
single, directly traceable reference standard —with com-
parison accuracies of 1 ppm. Measurements can be
made swiftly and simply;
results are read directly,
without calculation.

Even when you are not
looking for greater accu-
racy in your resistance
measurement and calibra-

¢  tion, you may have good
¢ reason to consider our 242.
4 TItcould help you speed up
The legal residence of The Abso-  the pace of lab or quality

lute Ohm is Washington, D.C. —at . 5
the National Bureau of Standards.  control operauons. Or in-

RO KX KRN XX XA AN

E AKX NK KA ERHNIA

XXX XL L AK A

crease reliability. Or get
better results from less ex-
perienced people on your
production line.

The 242 includes Ratio
Bridge, Decade Standard,
Generator-Detector and 4-
Terminal accessories.

We can’t promise The
Absolute Ohm in resistance
measurements. But with the
242, we do offer The Defin-
itive System. ESI, 13900
NW Science Park Drive,
Portland, Oregon (97229).

The Absolute Ohm’s home away
from home — our 242 Resistance
Measuring System. Price: $3400.

10
DIRECT READING ACCURACY 3

mema DEVIATION DIAL ACCURACY }*

F5 |

0

E

0.0

Al a
a

.01

.001

\ l0 IOO /‘\ 1 ID ’.\ 100 p‘\ IO IOO )\ IO IOD )

MEG

Accuracy of 242 System over speclfled ranges

See ES| at WESCON—Hollywood Park—Booth numbers 401-402-403- and 404
ON READER-SERVICE CARD CIRCLE 39

ELECTRONIC DESIGN, August 16, 1966

59



The reasons are hermetically
sealed in glass. That’s our exclusive
way of keeping contaminants
out and preventing any fusion of
the metal-glass interface. The
passivated silicon wafer looks

like it’s floating in the sleeve —

the glass doesn’t touch the
junction anywhere.

Take a look at the slugs; you'll
see they butt right up against the
wafer. No intermediate contacts.
And the leads are brazed not

Hoffman
micro-glass zener
regulators are the

most reliable ever made

and that’s a claim you
can see through

Unretouched photograph of unpainted Hoffman Micro-Glass Zaner Regulator,

welded or soldered to the slugs.
They conduct better that way, and
are about 12 times stronger than if
we’d welded or soldered them.

One thing you can'’t see is the
coefficient of expansion of the
glass, slugs and wafer. They're a
matched seal. That, you can test,
if you must.

Thirty-seven of our 1.5 watt
regulators, IN4460 through
IN4496 replace 749 Jedec types.
They're designed for micro-

circuitry, small space limitations
and excess power requirements.
Every one guarantees maximum
limits on low level impedance,
reverse leakage current and zener
voltage regulation.

If you need regulator reliability,
there’s only one place you can get it
— painted and marked to your spec-
ifications. Phone (213) 686-0123,
or write: Hoffman/Semiconductor,
Hoffman Electronic Park,

El Monte, California 91734

stffmanl SEMICONDUCTOR

A Division of Hoffman Electronics Corporation

ON READER-SERVICE CARD CIRCLE 40
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Why does Bodine
die cast its own rotors?

7e

Rotors are so important to fractional horsepower motor running characteristics that
we die cast our own. This is an example of how we maintain precise controls on the
quality of our parts...to be sure of consistent and dependable operation of Bodine
motors.

Raw materials are purchased from strict engineering specifications. Mechanical toler-
ances are very close. Latest die casting methods give us excellent control of quality.
In fact, we control every stage of rotor manufacture to be sure of an even air gap
for quiet, dependable operation and long motor life.

Doesn’t your product deserve a high quality motor? A Bodine motor. Bulletin S de-
scribes over 275 stock types and sizes from 1/2000 to 1/6 hp. Write Bodine Electric
Company, 2528 West Bradley Place, Chicago, Illinois 60618.
Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 41
ELECTRONIC DESIGN, August 16, 1966

—to assure highly uniform operation of Bodine motors

Bodine motors wear out—
it just takes longer

BODINE

fractional/horsepower

MOTORS

...the power behind the leading products

L/
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...up to 20% greater Ac!

You have a lot of things working for you when you design your
tuning system around TRW Varicap diodes. First of all, your
circuit will provide controlled tuning range to spare—in many
cases you can eliminate additional band switching.

Circuitry is simplified and fewer components are required.
Varicap-controlled tuning systems assure the performance
characteristics required in the most sensitive communica-
tions and monitoring networks.

TRW Varicap diodes are true abrupt junction devices, pro-

duced by proprietary processes. This construction gives the
designer maximum capacitance change with voltage; opti-
mum uniformity and tracking and superior performance under
all operating conditions.

Varicap Bulletin No. 101 discusses wide-range theory in
detail. Get a copy from your authorized distributor or write
TRW Semiconductors Inc., 14520 Aviation Boulevard,
Lawndale, California (213) 679-4561.

Varicap is the trademark of silicon voltage-variable capacitors manufactured by TRW Semiconductors Inc.

TR WSEMICONDUCTORS

ON READER-SERVICE CARD CIRCLE 42
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EDITORIAL

« The UFO puzzle: time
for a technical evaluation

In recent years there have been puzzling, persistent reports in
this country and elsewhere of unidentified flying objects (UFOs).
People who have told of sighting them are agreed on some common
characteristics: the objects are shaped like saucers or cigars and
frequently have lights that change color.

Most people haven’t seen UFOs; so most people have been in-
clined to scoff at the reports. But the matter is not lightly dis-
missed. For one thing, the reports are fairly widespread. For
another, responsible people have told of seeing UFOs—policemen,
pilots, astronomers, even some engineers.

One original skeptic, John Fuller, a columnist for the Saturday
Review, decided to check a UFO report to its source. He thought
it might make an interesting column for the magazine. He ended
up writing a book (Incident at Exeter [New York: G. P. Putnam’s
Sons, 1966] ). Fuller visited Exeter, N. H., where two policemen—
one a former flier—had seen a lighted, metallic “saucer” hover over a
field. Before he was finished, he had tape-recorded more than 60 in-
terviews with reputable citizens, all of whom had seen UFOs in
the area.

Fuller raises some interesting questions in his book.

Are UFOs a mass hoax, perpetrated on the public by practical
jokers? The Government evidently doesn’t think so. The Air Force
has been looking into and analyzing UFO reports for years (at the
Foreign Technology Div., Air Force Systems Command, Wright-
Patterson AFB). But, according to Fuller, the Air Force has of-
fered no meaningful explanation for many of the sightings by
trustworthy observers, despite extensive efforts to have such in-
formation released.

Is there some relationship between the electromagnetic field
around power lines and the presence of UFOs? Many UFOs have
been reported in the vicinity of power lines. Power failures and
electrical disturbances are sometimes preceded by UFO reports in
the area. Minutes before the great Northeast Blackout last fall,
UFO reports were received from upstate New York, Rhode Island,
Massachusetts and New Jersey.

One thing is certain: somebody is seeing something. And the
Government has yet to issue a full technical report on its investiga-
tions.

We believe that the public has a right to be informed of what-
ever data have been gleaned so far. Then, a careful study program,
using electronic instrumentation, might be in order. Much could be
learned, or disproved, by a detailed study of the electromagnetic
characteristics of these objects.

But first, let’s have a full and frank report from the Air Force.
HOWARD BIERMAN

(PS—We’d be interested to hear from any engineers who may
personally have observed such phenomena. Names will be kept in
confidence.)
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Push

11

Read

i B B

34208 DG vor
HEWLETT - PASKARS

LINE FUNCTION
=

[l )l e )

Accuracy: 0.002% of reading + 0.0002% of range

Highest resolution (0.2 ppm of range) —1, 10, 100, 1000 v ranges
Stability: 1 ppm/hour, 5 ppm/day, 30-day calibration cycle
RATIO measurements: four ranges with 6-digit resolution

True isolation, battery operation

BENSITIVITY

hp 3420A/B

for today’s most accurate
dc differential volt/ratio
meter measurements!

accuracy Here's the most accurate dc voltmeter avail-
able today, backed by a minimum 30-day calibration cycle
and temperature coefficient of 4 ppm/°C. With a sensitivity
of +10 uv full scale, six-digit resolution is meaningful for
measurements in standards and calibration labs, design labs
...and all areas (physics, biomedical, electro-chemical, uni-
versity, processes, control) where high precision and stability
are essential.

ratio Then add four ranges of ratio capability with 0.002%
accuracy and make both resistance and voltage ratio meas-
urements. The customary precision voltage source required
for resistance ratio is no longer necessary.

isolation A line/battery operated model permits true
“floating” measurements and provides portability not available
at this accuracy level before.

There is 10% overranging on all voltmeter functions, with
overload recovery of less than three seconds, and immunity

HEWLETT |

 PACKARD

An extra measure of quality

to damage by overload. The recorder output at =1 volt and
1 milliamp will drive any recorder.

ease of operation Ppushbutton function and range
selection, plus a full in-line six-digit readout, permits convenient
and time-saving measurements. Six discrete decade dividers
with concentric null sensitivity pushbuttons now make nulling
very simple. The zero pushbutton disconnects the input source
and decades, and internally shorts input terminals . . . no need
to return decades to zero.

All silicon solid-state, with plug-in circuit board design for
easier maintenance in both the 3420A (line operated) at $1175,
and the 3420B (line/battery operated) at $1300.

Ask for a demonstration by calling your Hewlett-Packard
field engineer. Or get complete specifications with the same
call or by writing Hewlett-Packard, Palo Alto, Calif. 94304,
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva.

Data subject to change without notice. Prices f.0.b. factory.

See New hp Instruments
Attend Measurement Seminars
WESCON—Hollywood Park

1649
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3 times out of 4
our distributor has your

switch order in the bag.

The bag
we call

Uni-Pak.

Your Cutler-Hammer Distributor sells
more than 10,000 different commercial
switches and military switches. One of
these will do your job, or we’re ready to
design the special that will.

More often than not, he can fill your
switch order from right off his shelf. Be-
cause of Uni-Pak.

What’s Uni-Pak all about?

First, Uni-Pak covers the 350 basic
commercial and military switch models
that account for 759, of our Distributors’
orders. Next, Uni-Pak is convenient pack-
aging: one switch with mounting hardware
per sealed plastic bag; 25 bags per carton.

CUTLER-HAMMER L=

Most important, Uni-Pak provides im-
mediate local availability of all these popu-
lar, conveniently packaged switches. Your
Distributor’s stocks are substantial. Our
factory back-up stocks truly enormous.

Now you have immediate switch selec-
tion without tying up dollars in inventory.
For prototype production. To cover un-
expected rush orders. The switches you
need today, you order today. Or yesterday
at the earliest.

Chances are excellent that our Uni-Pak
switch program can pay-off in better serv-
ice for you. Plan to discuss it soon with
your nearby Cutler-Hammer Distributor.

Milwaukee, Wisconsin 53201



What is WESCON USA?

This special section brings the 1966 Western
Electronic Show and Convention to design engi-
neers all over the United States. If you are not
attending in person, tour the show through these
pages. If you will be on hand in Los Angeles,
August 23-26, you will find this section an invalua-
ble aid in planning your activities in advance.

For those who can’t attend

If you are not planning on attending Wescon,
the following sections of WESCON USA will
bring Wescon to you:
= Touring the exhibits. New products to be shown
are arranged by show area (Measurements and
Instruments, page U104 ; Production and Packag-
ing, page U116; Circuit Components, page U124;
Audio, TV and Automatic Control, page U156;
Air and Space Control Systems, page U158; Data
Processing, page U160; Communication and
Detection, page U166).
= Probing the technical sessions. Informative
summaries of some of the technical sessions start
on page U68.
= Microelectronics at Wescon. A wrap-up for all
those interested in microelectronics begins on
page U96.
= Technical paper order form. Order the proceed-
ings for the Wescon technical sessions using the
convenient order form on page U89. A list of the
papers, by session, starts on page US86.
® Industrial design awards. Eighteen finalists in
the Wescon Industrial Design Contest are dis-
played, beginning on page U170.

<€ ON READER-SERVICE CARD CIRCLE 216

For those who will attend

If you are going to Wescon, the following sec-
tions of WESCON USA will help you make plans
in advance so that your time at the show can be
spent most efficiently:
= Technical paper index. A complete list of the
technical papers, by session, starts on page US86.
Summaries of some of the papers are given begin-
ning on page U68.

m Technical paper order form. Save yourself the
trouble of carrying the technical session proceed-
ings back from the show. Order the ones you want
by using the form included on page U89.

= Touring the exhibits. New products to be
shown are arranged by show area (Measurements
and Instruments, page U104; Production and
Packaging, page U116; Circuit Components, page
U124; Audio, TV and Automatic Control, page
U156; Air and Space Control Systems, page U158;
Data Processing, page U160; Communication and
Detection, page U166).

s QOther features. Preview microelectronics at
Wescon, starting on page U96, and the finalists in
the Industrial Design Contest, starting on page
U170.

ue7



WESCON USA

Technical session summaries

Listen to what the speakers will say

With 23 contributed sessions, special invited sessions and an extra
““last minute dividend’’ session on Surveyor 1, the Wescon technical program
this year covers a diversity of topics of interest to the design engineer. Elec-
tronic Design’s editors have taken a representative sample of the technical
sessions and have summarized the major points of interest to the designer.

Up-to-date high-frequency
amplifier design discussed

High-frequency amplifier design raises several
basic questions: Where and when is it best to
apply each of the major semiconductor types?
What’s the best approach to design? What trade-
offs should be made to yield over-all optimum
circuit performance?

The answers are covered in Session 22, a sym-
posium on semiconductor devices as applied to
amplifiers operating at 0.5 MHz to 5.0 GHz. A
panel of six specialists focuses on bipolar transis-
tors, junction FETs, MOSFETs and varactors.

The frequency interval 0.5 to 1.0 GHz is ana-
lyzed by Richard Q. Lane of Fairchild Semicon-
ductor Research and Development Laboratory,
Mountain View, Calif. He judges the design and
relative performance of bipolar, junction-FET and
MOS small-signal amplifiers according to the
following criteria:

s Maximum stable gain and stability factor, k
(reciprocal of Linvill’s critical factor, c).

= Noise figure.

= Ease of gain control.

= Qverload distortion.

Lane concludes that when the first three criteria
dominate, the bipolar transistor is superior to
other small-signal devices. But if overload distor-
tion in the form of cross-modulation is an overrid-
ing consideration, FETs or MOSs are best.

Large-signal circuits considered

Broad advice on handling solid-state power in
large-signal circuits is given by Roy C. Hejhall, of
Motorola Semiconductor Products, Phoenix, Ariz.
With stress on varactors and silicon bipolar
transistors, he considers device capabilities and
circuit design at power levels above 1 W. Among

Ue68

the points he covers:
®» Transistor performance from the standpoint of
efficiency and linearity.
m The step-recovery type of varactor, which
yields the highest power outputs in multiplier
circuits.
® The large-signal impedance method of amplifier
design.

Hejhall says that at the higher frequencies
varactors out-power other semiconductors.

A broad look at the FETs

FETs—Dboth junction and MOS—are explored in
separate papers by J. B. Compton, of Siliconix,
Inc., Sunnyvale, Calif., and Paul E. Kolk, of KMC
Semiconductor Corp., Long Valley, N. J.

Compton shows that the desirable high-frequen-
cy and vhf performance characteristics of vacuum
tubes- -such as low cross-modulation, reverse agc
and low noise figure—are available in FETs.
Based on a wide range of FET applications in vhf
circuitry, he says, a triode vacuum tube can be
replaced by a FET in many RF applications, with
changes in supply voltage and some retuning.

According to Kolk, the MOSFET is advancing
rapidly toward microwave performance. The
high-frequency performance of MOSs, he says, is
predictable from the geometry and the transcon-
ductance characteristics and is a function of gate
voltage. The latter, he notes, dictates the perform-
ance of the device for improved intermodulation,
cross-modulation and spurious response effects.

The MOSFET, Kolk adds, has a large dynamic
range and operates over an extremely broad
temperature range. It is essentially insensitive to
bias voltage and current variations. In designing a
circuit with MOSs, Kolk says, the engineer can use
the high-frequency techniques applicable to exist-
ing bipolar transistors. He can even, he suggests,
use techniques applicable to vacuum-tube circuit

ELECTRONIC DESIGN, August 16, 1966



Availability of high-power and high-frequency overlay
transistors is giving impetus to the development of all-
solid-state mobile communication equipment, according
to RCA engineers (paper 8/1).

Photomask, used by IBM in the
development of monolithic integrated
circuits, was designed with the help of
a computer. In the background are the
color layouts for the different masks Array of seven flip-flops, manufactured by Texas Instru-
for a single, complete monolithic chip ments, Inc., forms Johnson Counter on a 135- by 135-mil
(paper 1/4). chip (paper 20/6).
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designs at high frequencies.

Advice on noise and trade-offs

The matter of noise in microwave amplifiers is
dealt with by George D. Johnson of Texas Instru-
ments, Inc., Dallas. Germanium microwave tran-
sistors have been developed that have useful
power gain to 4 GHz, he reports, and noise figures
of 4.5 dB have been measured at 3 GHz.

Hints on design trade-offs are offered by R.

Minton of RCA Electronic Components and De-
vices, Somerville, N. J. Both circuitry and device-
parameter trade-offs are considered in his paper,
with focus on the overlay transistor as a repre-
sentative bipolar for high-frequency amplifiers.

Session 22 has been organized by ELECTRONIC
DESIGN. It will be held in the Biltmore Music
Room on Friday, Aug. 26, from 9:30 a.m. to noon.
The chairman is Dr. John Moll of the Electrical
Engineering Department of Stanford University,
and the audience is invited to participate in a “test
your design knowledge” quiz before, during and
after the session. = =

Spectacular growth foreseen for plastic semiconductors

“Since their acceptance a little over three years
ago, plastic semiconductors have experienced a
growth rate unrivaled by any other product inno-
vation in the already fast-growing semiconductor
industry.” The words are those of George Berry-
man, Semiconductor Components Div., Texas
Instruments, in one of the Session 18 papers. This
basic theme and the reasons behind it are covered
in detail in the four papers that make up Session
18, “Plastic Transistors—Their Impact on the
Industry.”

Rosy future predicted

Both the existing and the new markets that are
opening for low-cost plastic semiconductors are
explored by James H. Bockhaus of General Elec-
tric in paper 18/1, “Economy Semiconductors—
Their Future.” According to Bockhaus, both the
economy and performance capabilities of plastic
devices are convincing responsible design engi-
neers of their value in consumer, military and
industrial applications. And as the market ex-
pands, the large variety of plastic semiconductors
it engenders will give ample opportunity to the
designer to optimize his equipment designs for the
particular market served.

The cost savings of the new devices, says Bock-

haus, can be tremendous. Most of the plastic-
encapsulated transistors sell for at least 10¢ less
than their hermetically sealed counterparts, and
on many the savings are as much as 30 to 40¢ per
unit. At this rate a yearly usage of 3,000,000 units
would produce a savings of at least $300,000. Asks
Bockhaus: “If your competitor is using plastic
encapsulated semiconductors, can you really
afford not to use them?”’

The author estimates that the switch to transis-
torization in the full spectrum of consumer elec-
tronics will create a potential demand ap-
proaching 600,000,000 plastic units. This consum-
er volume coupled with increased use of plastic
semiconductors in industrial and military markets
is the driving force that is leading several semi-
conductor manufacturers to set up large-volume
production capacity. Typical of the companies
already in the market are Bendix, Continental
Devices, Fairchild, General Electric, Motorola,
Signetics, Sprague Electric and Texas Instru-
ments.

How reliable are plastic semiconductors?

“A great deal of skepticism regarding reliabili-
ty was to be found when plastic encapsulation was
in its early stages, some of it justifiable. Even

A variety of plastic transistors are now on the market. Representative of these are the devices

made by General Electric (left), Bendix Semiconductor (center) and Texas Instruments (right).
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Estimated world-wide use of plastic semiconductors shows
sharp increase over the next five years.

today doubt exists in the minds of many and the
question is often asked of plastics, ‘How reliable
are they?” While a great deal of data is yet to be
isolated on hermetic-seal types, current data
generated at Texas Instruments indicate that
plastic devices are capable of meeting military
specifications and are as reliable as their counter-
parts in metal cans tested under the same condi-
tions.” So says Berryman in paper 18/2, “The
Reliability Impact of Plastic Encapsulated Semi-
conductors.”

In describing the results of reliability testing
conducted by Texas Instruments, Berryman
points out that for plastic semiconductors the
areas of reliability most frequently queried are:
® Moisture and humidity resistance.

Package stability (effect of plastic on wafer).
Effects of thermal shock.

Effects of physical shock.

In all these areas the plastic devices have
recorded acceptable results. But despite the exten-
sive data already compiled, much more are needed
to predict accurately their failure rate over long
periods of time—five years or more. And to do
this, acceleration factors must be developed that
can be used with confidence. One example of the
work being done in this area, according to Berry-
man, is Texas Instruments SILECT Reliability
Program, which when completed will have accu-
mulated more than 50 million transistor hours.

Consumer industry leads the way

The impact of plastic semiconductors on the
consumer industry is explored in paper 18/3 by
John S. MacDougall, of Fairchild Semiconductor.

According to the author, Fairchild, in 1962,
made the decision to enter the consumer elec-
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tronics field with low-cost “fallout” silicon transis-
tors. Now, only four years later, the company
makes and sells several million plastic-encased
silicon transistors per month at an average selling
price of under 30¢. This huge increase in the
consumer area may be credited mainly to the
recent acceptance and use of transistors in televi-
sion, radio and audio applications. Other consum-
er market areas, such as appliances and automo-
biles, have yet barely started to use solid-state
devices. But it is expected that as a result of the
advantages they afford, a similar and perhaps
greater impact will eventually be felt on the
automotive and appliance industries.

One significant reason for the consumer indus-
try’s acceptance of plastic semiconductors, says
MacDougall, is that they are developed for a
specific application and intended to be sold only
for that application. As the author puts it: “A
particular device is intended for a specific socket
in the FM receiver market. Although this requires
a considerable amount of circuit applications
work on the part of the manufacturer, the re-
sulting customer acceptance of the devices fully
justifies it.”

Power units becoming available

“Plastic encapsulated power semiconductors
will open new potential markets to the electronic
industry,” according to Hy Newman, of Bendix
Semiconductor Division, in paper 18/4, “Silicon
Power Plastic Transistor.”

After describing the fabrication and testing
techniques presently used for the Bendix B5000
power transistor, which is encapsulated in a
silicon molding compound, the author asserts
that the future of the plastic power transistor is
tremendous. They make possible, he says, higher-
voltage and higher-current devices to form build-
ing blocks for power-switching modules. In addi-
tion, high-voltage devices for TV and automobile
applications, which are basically switching de-
vices, can now be fabricated and manufactured at
realistic price levels.

The plastic power transistor is also discussed in
paper 18/1. In it James Bockhaus says: “The
market for a low-cost silicon power transistor is
waiting anxiously to be served and many manu-
facturers are rushing to fill the vacuum. Power
ranges from about 4 to 25 watts are now available,
and within the next 24 months the circuit designer
can expect a range of plastic silicon power tran-
sistors ranging from 100 mA to 3 or 4 A and a
voltage selection ranging from 50 to about 400 V.
Designers can expect the plastic transistors to sell
in the 35¢ and $1.50 price range, with current-
handling capability playing a large role in price
determination.” = =

(continued on p. U72)
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Semiconductor devices: trends and accomplishments discussed

Solid-state devices and integrated circuits are
the subject of Session 2—a tutorial meeting
organized by the IEEE Group on Electron De-
vices. Metal semiconductor Shottky-barrier
diodes, unpackaged devices, trends in advanced
integrated electronics technology and ultra-low-
power microwave linear circuits are discussed.

Bright future for Shottky barriers

Many new devices based on the Shottky-barrier
concept are now in various stages of laboratory
development and will soon become available.
Among these are current limiters, high-voltage
high-frequency rectifiers, low-voltage high-speed
switching elements, 10-20 GHz photodiode detec-
tors and photomultipliers.

In one paper, M. M. Atalla, H. P. Associates,
Palo Alto, Calif., reviews the current state of the
art in the field and assesses the future of Shottky-
barriers and their applications as discrete devices
and in integrated circuits.

Considerable progress has been made during
the past five years in the technology and engi-
neering of metal semiconductor Shottky barriers
and devices. Because the devices are substantially
free of minority-carrier injection and related
storage effects, they are already in use in many
high-frequency applications such as microwave
sampling, mixing and detecting.

Atalla predicts that, in addition to their use as
discrete circuit elements, Shottky-barrier devices
will soon be incorporated in many integrated
circuits for various applications. Among these are
high-speed diode and transistor logic -circuits,
diode arrays for high-speed memory, and photo
diode arrays for imaging.

Ever more complex arrays

Major trends in advanced integrated electronics
technology are:

m The broadening of the integrated-circuit
concept to a large class of circuit functions.

= The processing of more complex circuits with-
in relatively small chips of silicon.

®m The processing of very large electronic func-
tions on complete slices of silicon.

The latter trend, array technology, is developed
in some detail in a paper by R. L. Petritz, Texas
Instruments, Dallas. He also briefly compares the
processes by which circuits are fabricated by
means of discrete devices with those used for
integrated circuits, and discusses the key prob-
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lems which must be solved in order to develop an
array technology.

The author identifies three avenues of direction
for today’s dominant trends.

The first is the application of the integrated-
circuit concept to a much wider variety of func-
tions, and the application of these functions to all
electronic markets. While the primary impact of
the first-phase integrated-circuit technology was
to logic circuits in the military markets, today’s
developments are affecting linear, microwave,
infrared, and power integrated circuits, penetrat-
ing the industrial and consumer market as well as
the military market. In addition to silicon, com-
pound semiconductors and other materials will be
important in expanding the scope of integrated
circuits. Advanced devices such as those based on
the Gunn effect will enlarge the technical base.
Molecular concepts, such as the use of optoelec-
tronic phenomena for coupling, will play an im-
portant role.

A second trend is the processing of more com-
plex circuitry within relatively small chips (e.g.,
50 x 50 mils) that are then scribed out of the slice
of silicon.

More complex circuits are being processed
without increasing the size of the basic chip
because smaller devices are being used. The im-
provement in photolithographic techniques is a
major contribution to this advancement. But at
the same time, in some cases the basic chips are
becoming somewhat larger. Fundamental optical
problems are encountered in attempting to
achieve very small geometries over a single large
area. Step-and-repeat techniques are used to
achieve simultaneously high resolution over rela-
tively small regions (e.g., 50 x 50 mils) and at the
same time utilize effectively a large slice area (one
to two in. in diameter).

The third, and in many aspects the most dra-
matie, trend of integrated electronics technology
is toward fabricating very large electronic func-
tions on complete slices of silicon. This technology
has been given several names : computer on a slice,
large-scale integration, or array technology. A
basic tenet of array technology is the interconnec-
tion of an array of unit cells into a logically pow-
erful electronic function. The unit cell may be a
simple NAND-NOR gate, occupying, for example,
an area 10 x 10 mils on the slice, or a rather
complex circuit function consisting of 20 to 40
gates occupying 100 x 100 mils. Determination of
the unit cell size depends on a number of consid-
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Multiple-emitter bipolar transistors (like this ong) as well
as various other semiconductors, all as applied to the
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Spotting the best device to use for
semiconductor high-frequency
amplifiers will be an easier task for
attendees of Wescon Session 22.
Bipolars, junction-FETs, MOS-FETs
(like this geometry) and varactors
will be considered. The topic is
high-frequency amplifier design—
which devices should be used, why
and how they are to be used, and
which circuits they are best suited
for.

design of high-frequency amplifiers, are covered in depth

in Session 22.
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Alcoa Aluminum

makes your choice
easier when you
must meet all

5 product-
personality
requirements.

Environment

Alcoa® Aluminum is
durable. In the lab or in
the field, lightweight,
corrosion-resistant
Alcoa Aluminum will
stand up against every-
day wear and tear.
Pound for pound, it’s
stronger than steel. And
Alcoa has the alloys that
can meet your most ex-
acting requirements.
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Application

Alcoa Aluminum is
versatile. It’s nonmag-
netic, nonsparking,
dampens vibration and,
since it is an excellent
conductor of both heat
and electricity, it’s suit-
able for a wide variety
of enclosed applications.
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Aesthetics

Alcoa Aluminum is easy
to finish. Either alone or
in combination with
many other materials,
natural aluminum has a
pleasing appearance that
can be enriched by em-
bossing the surface or
by the addition of color
—in a broad spectrum.
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Production

Alcoa Aluminum is easy
to fabricate. It can be
cast, forged, extruded,
machined or drawn . . .
formed or fastened by
practically any method,
often at cost savings.

Customer Satisfaction

Alcoa Aluminum is
oriented to your cus-
tomer’s needs. A wide va-
riety of shapes and sizes,
alloys and finishes,
properly applied, assure
the best performance of
your product.

For complete informa-
tion on how to put alu-
minum’s five-point

Change for the better with Alcoa Aluminum

personality into your
product, contact your
nearest Alcoa sales
office. Or write:
Aluminum Conipany of
America, 1780-H Alcoa
Building, Pitts- [,

burgh, Pa. 15219. £
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erations including the optical restrictions men-
tioned earlier. The step-and-repeat process allows
for repetition of the basic unit cell over the entire
slice of silicon.

Submicropower circuits on the way?

The need for ultra-low-power or micropower
circuits in portable military communications and
surveillance equipments has taken on increasing
importance in recent years.

According to J. D. Meindl and P. H. Hudson,
U.S. Army Electronics Command, Ft. Monmouth,
N. J.: “The quiescent power requirements of to-
day’s low-frequency, wideband, tuned, and low-
noise amplifiers as well as oscillators, mixers and

detectors often can be lowered by more than an
order of magnitude.”

In their paper, the authors discuss optimum
design techniques with which the power consump-
tion of linear and quasi-linear circuits can be
lowered. This, they say, can be accomplished by :

s Using transistors having the largest maxi-
mum gain-bandwidth product. Frequently, a large
power saving can be achieved by using an ex-
tremely small geometry microwave transistor at a
frequency well below its maximum capability.

m Selecting circuit configurations which demon-
strate superior low-power performance. A ‘‘cir-
cuit-oriented power saving” in excess of 10 times
may often be achieved in low-power linear cir-
cuits.

= By describing the quiescent power require-
ments of each circuit in terms of its primary
small-signal design constraints. = =

Rapid transit rides into Wescon with computers blazing

As automobile traffic in the metropolises of
America grinds almost to a halt, city planners
around the country have begun to realize that the
ubiquitous and seemingly omniscient computer
can be of great assistance. Already it is at work in
Syracuse, N. Y., and Tampa, Fla., giving orders
to signal lights that control automobile traffic.
And starting in the autumn, section after section
of New York City’s traffic signals will consult
sectional computers before they blink at pedestri-
ans and motorists. Wasted time costs money, and
city fathers realize that they must provide modern
equipment to speed constituents to their destina-
tions.

A number of leaders in the electronic industry
recognize the potential for growth into the auto-
motive field. Electric power is clean, cheap and
quiet, and electronic controls are, by their nature,
best suited to regulate this power.

At Session 16, two papers describe the rapid
transit innovations in the San Francisco Bay area.
One paper gives a broad view of the problem of
transporting people about a city.

Take an automatic train to your electric car

John Beckett, government relations manager,
Hewlett-Packard Company, takes a long-range
look at the role of electronics in urban transporta-
tion during the coming decades.

Plans for the development of future transporta-
tion systems should not offer the traveler merely a
choice of private auto or mass rapid transit.
Rather, the commuter should be able to select his
mode of travel from a number of alternatives.
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These could include a variety of rented vehicles,
such as electric taxis, rented electric cars, rapid
transit vehicles operating on exclusive rights of
way with electronic controls. The public’s choice
could then be made with regard to convenience,
comfor*, speed and cost.

Beckett suggests that a single charge card could
apply to many or all of these services. Each person
could be billed at the end of the month. In fact,
urban transportation could be treated much like a
utility.

The two essential ingredients for fast, dependa-
ble, clean and silent transportation about our big
cities, says Beckett, are the computer and the
electric car. Automatic billing, two-way communi-
cations, electronic safety devices and automatic
control systems would accompany these two
developments.

BART experiments on a large scale

Deane Aboudara, San Francisco Bay Area
Rapid Transit District, describes the alternatives,
problems, decisions and goals of the largest exper-
mental program in modern rapid transit in the
United States.

Aboudara gives an account of the power dis-
tribution system of BART® (Bay Area Rapid
Transit), its propulsion system, its automatic
control system, the evaluation of possible fare
collection methods, and some design considera-
tions that are peculiar to rapid transit, such as
headway, braking to a station and wheel-wear
compensation.
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One man can dispatch all the trains at the new BART
transit system for the San Francisco Bay Area. Computers

At this time, BART is experimenting with dc
motors that use SCRs to control the flow of ac
current as well as frequency-controlled ac motors
powered with de. Similarly, computers aboard the
moving cars are being compared with computers
located at wayside sites. And fare tickets with
-imbedded ferrite slugs are being judged against
tickets with iron oxide coatings.

Some trains have brains

C. William Woods reports on the contribution of
Westinghouse Air Brake Company (WABCO) to
the BART experiment. WABCO’s automatic
control system places a good deal of the control
equipment aboard each vehicle. This enables the
vehicles on the track to continue to operate even

STSTEN Prmpmpngy
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are located aboard the trains and at the wayside. This ex-
periment evaluates four systems.

if some of the central equipment malfunctions.
Woods stresses that there is a big difference
between moving people and moving materials,
trains or equipment: Goods and unladen trains
can stand idle indefinitely, whereas people have
limited patience.

The movement of people must take place on
schedule in utter safety, and Woods feels that this
can best be accomplished with- control and safety
equipment located on each vehicle. Woods’ paper
discusses a method by which a wire-carried signal
can alert a motorman to dangers up the track and
even control the spacing and speed of the vehicles
along the track. Its analog signals are continuous-
ly evaluated by a central DDP-24 digital computer
made by Computer Control Company. = =

Mobile radios turn to overlay transistors

Within five years, all mobile communications
equipment will be solid-state and the most favored
device for the job is the overlay transistor. So say
RCA engineers in five papers due for delivery in
Session 8. And the reason that they give is that
the overlay transistor has high current gains at
high radio frequencies, and high power dissipation
and current-handling ability.

They also discuss the extended frequency and
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power ranges of the overlay transistor. These
create special design problems in such basic build-
ing blocks as straight-through amplifiers, oscilla-
tors, amplifier-multipliers and oscillator-multi-
pliers.

The transistors must be designed, or selected, to
satisfy the very special properties of mobile trans-
mitters. These include the operating voltage that
may be 24 to 28 or 12 volts, breakdowns that may
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occur during tune-up or sudden changes in the
load, and the need for adequate cooling.

The design of transistor power circuits operat-
ing at microwave frequencies involves two steps:
(1) the determination of the load and the input
impedances under dynamic operating conditions
and (2) the design of filtering and matching
circuits for optimum performance, according to
Hon C. Lee, of RCA Somerville Division. He
points out that the lack of large-signal representa-
tion of microwave transistors prevents an analyti-
cal design approach to power circuits. The dynam-
ic input and load impedances are difficult to
calculate, since the transistor’s parameters under
large-signal operation differ considerably from
small-signal values. The power levels, too, affect
the parameters. Therefore the designer is better
off using experiments to find out the dynamic
impedances, says Lee. He recommends the slotted-
line measuring technique since the test setup can
also be used to evaluate the transistor’s power
output, power gain and efficiency.

The choice of common-emitter or common-base
configuration is the next decision the designer has
to face, continues Lee. The decision must be based
on the dual consideration of performance and
stability. With regard to performance, common-
base amplifiers provide higher gains and common-
emitter circuits yield higher output powers while
the bandwidth and collector efficiencies are about
comparable.

From the stability point of view, Lee contends
that the widespread assumption that common-
emitter circuits are more stable is not quite valid
for microwave and uhf operations. The reason for
this assumption stems from linear analysis of
transistors without taking into account parasit-
ic elements. For high-power operation at uhf and
microwave frequencies, the parasitics must be
treated together with the intrinsic transistor, he
explains. Moreover, RF transistors must be con-
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sidered nonlinear devices rather than four-termi-
nal linear devices.

Mobile transmitters complicate design

When these high-power, high-frequency am-
plifiers are designed for mobile transmitters,
other problems rear their heads. The low-voltage
supplies (either 24 to 28 or 12 volts) and the
required high-power levels result in small imped-
ances and hence large RF circulating currents,
according to Stanley Matyckas, also from RCA,
Somerville, N. J. The peak current may be as high
as 20 A for a supply voltage of 12 V and an output
RF power of 60 W, since the collector load
impedance must be about 1 ohm. “In view of these
factors,” he says, “the well-proven vacuum-tube
techniques become practically useless.” Because
the collector-to-base capacitance of the overlay
transistor depends on the voltage, the neutraliza-
tion of large-signal amplifiers is impractical,
Matyckas asserts.

To improve the performance of large-signal
transistor amplifiers in mobile transmitters,
Matyckas recommends output-matching -circuits
that present a high impedance to the harmonic
currents generated at the collector. The more
widely used circuits are shown in Fig. 1.

Impedance problems become more apparent when
several transistors must be paralleled to increase
the available output power. Matyckas points out
that with transistors the bases cannot be tied
together directly as with vacuum tubes. Each
transistor should have a base input coil that
permits the adjustment of the drive levels, and the
connection should be made through these base
coils. The collectors may be tied together except
when the supply voltage is 12 V. In that case, he
recommends that the connection should be made
through individual collector coils for higher im-
pedance levels.

How to suppress instabilities

Instabilities in transistorized vhf amplifiers can
take several forms. Commonly these occur at
frequencies far below the operating frequency,
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1. Typical matching networks for transistor power ampli-
f'ers for the input (a), interstage (b) and output (c) sec-
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tions. The output matching circuit should present a high
impedance to the harmonics generated at the collector.
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where the gain increases rapidly, according to
Matyckas. He points out several remedies as
shown in Fig. 2:

= Because the base-emitter junction is highly
capacitive, at low frequencies a resonant circuit
can be formed with the addition of a choke
(RFC). The formation of this resonant circuit can
be avoided with a low-Q ferrite-type choke or a
wire-wound resistor in place of RFC.

= The emitter bypassing should be done with two
capacitors to cover the low frequencies.

s The de power wiring should have adequate by-
passing at both the operating and the low frequen-
cies to shunt out stray inductances.

® The output matching circuits should use a coil.
Its inductance is usually lower than that of self-
resonant RF chokes, resulting in lower reactances
at lower frequencies.

How to use instabilities

Oscillations occuring at or near the operating
frequencies when the input power is removed are
usually caused by the parasitic elements of the
package, says Lee. A useful harnessing of such
oscillation is possible with circuits like the one in
Fig. 3. It is a fundamental-frequency oscillator
using an RCA overlay transistor which is still in
the development stage. The circuit operates from
1.5 to 2.2 GHz and can deliver 150 mW at the upper
frequency limit.

Mobile radio applications place severe require-
ments on the transistors. The two major consid-
erations are the so-called second breakdown and
the need for adequate cooling, according to Nicho-
las G. Richards et al., RCA, Meadow Lands, Pa.
Second breakdown results in a collector-to-emitter
short circuit and is caused by sudden changes in
the load or by improper tuning. Richards points out
that the transistor must handle not only increased
dissipation but also sudden energy surges that can
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2. Simple precautions with the components indicated with
the circled numbers can prevent oscillations at low fre-
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3. Fundamental-frequency oscillator operates from 1.5 to
2.2 GHz and puts out 150 mW at 2.2 GHz with a develop-
mental RCA overlay transistor. The efficiency is 209% at
a collector supply voltage of 25 V.

destroy it in a matter of microseconds. The heat
conduction problem may be solved with an alum-
inum die-cast chassis that has a large radiating
surface area, he explains. Matyckas adds that as
an extra precaution, a thermostat can be mounted
on the heat sink to reduce the transmitting power
if the temperature becomes excessive. = =

FET popularity continues to grow

To judge by the attention given to FETSs at the
show, FET manufacturers can look forward to a
continuing healthy market.

An exhaustive and informative examination of
the devices, their importance and applications is
offered at Session 11, “Field-Effect Transistors.”
The program is well worth while to all interested
in a refresher course on FET basics or in acquir-
ing an initial exposure to these tube-like semicon-
ductors.

A general perspective of the whole area is given
by Donald L. Wollesen, Motorola Semiconductor
Products Inc., Phoenix, Ariz. Wollesen’s paper,
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“FET vs Bipolar Transistor Characteristics,” uses
audio amplifying applications as a basis for com-
parison. He attempts to show where the FET is
preferable to the bipolar, and vice versa, and how
to recognize their respective advantages.

James S. Sherwin then takes over on the use of
the FET in amplifiers. He shows why to use the
devices, where to apply them, and how to go about
designing FET amplifiers.

Shewing, Manager of FET applications at
Siliconix Inec., Sunnyvale, Calif., concentrates on
those areas where FETSs outperform bipolar tran-
sistors. In particular, he touches on high-frequen-
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¢y circuits, including a 200-MHz amplifier and a
45-MHz RF cascode arrangement.

The third paper studies fundamentals in “The
FET as a Switch.” Presented by Carroll Perkins,
application engineer for Raytheon Semiconduc-
tor’s Mountain View, Calif., facility, his disserta-
tion focuses on the IGFET type of field-effect
devices. Perkins discusses both analog and digital
switching applications.

A comprehensive review of such high-frequency
FET applications as RF and IF amplifiers, mix-
ers, oscillators and discriminators is contained in
the next paper, “Circuit Simplification with MOS-
FETs.” Delivered by George C. Luettgenau,
Research Manager, TRW Semiconductor, Lawn-
dale, Calif., it goes into the theoretical reasoning

and advantages in using “versatile” FETs in these
circuits.

Luettgenau also treats the basic physical and
electrical properties of MOSFETSs. Luettgenau
maintains that “we will soon have MOS devices
which are duals of the traditional multifunction
vacuum tubes,” and that this will lead to complete
system building blocks fabricated en:irely with
MOS techniques.”

Michael Dix, Application Engineer at Philco’s
Microelectronic Div., Santa Clara, Calif., gives the
last paper. He deals with the basic considerations
involved in designing with MOS-arrays. This
newer generation of field-effect units is becoming
increasingly popular and is competing well with
conventional digital integrated circuits in complex
switching applications.

The session itself is the second organized by
EEE magazine, of New York, and will be chaired
by its editor-in-chief, George Rostky. = =

Advice given on the selection of microwave receiver devices

Session 19 is devoted to reporting the state of
the art in practical, commercially available, micro-
wave-frequency devices. Because of continuous
improvements, low-noise, traveling-wave amplifi-
ers (LNTWAs) and backward-wave oscillators
(BWOs) are retaining their share of systems
assignments, despite serious inroads by their
solid-state equivalents. A report is given on the
improvements in quality and size reduction in
YIG devices, and application advice is given to
systems engineers on ferrite devices.

Low-noise TWTs improving
The LNTWA is still unsurpassed for low-noise

Low-noise, traveling-wave-tube amplifier with integral pow-
er supply operates across the 8 to 12 GHz band. Improve-
ments in packaging and decreases in noise figure with
retention of high gain and output power are recent devel-
opment trends.

U80

microwave preamplification. According to Drs.
B. P. Israelsen, K. B. Niclas and Mr. C. C. Billat,
of Watkins-Johnson Co., Palo Alto, Calif., the
LNTWA offers the best combination of properties
for low-noise microwave amplification compared
with tunnel diodes, transistors and parametric
amplifiers.

Among the other advantages cited for LNTW As
by the authors are instantaneous frequency cover-
age, high saturated power output, wide dynamic
range, gain compactness, reliability, simplicity of
operation, and low cost per operating hour.

The Palo Alto engineers say that recent devel-
opments in specialized amplifiers, including
matched channel combinations, multiple-octave
amplifiers and more efficient units will mean a
wider choice and improved special characteristics
for the prospective user.

BWOs still strong

The backward-wave oscillator, BWO, long an
important electronically tuned microwave oscilla-
tor, is holding its own against formidable competi-
tion from other devices.

It is still the best tunable source for frequencies
above 4 GHz, according to A. T. Isaacs and
B. Kaiser of Watkins-Johnson Co., Palo Alto,
Calif. In their joint paper they also say that even
below 4 GHz the BWO is, in most respects, the
favored choice. This has been the result of con-
certed R&D efforts to increase bandwidth while
retaining low tuning voltages and improving
packaging. = =
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Systron-Donner takes all the fuss out

with plug-ins from this comprehensive counter system

Solid-state counter takes all plug-ins at right. Choice of
counter-timer, 50 MHz, $2450 (100 MHz, $2950) or simple
frequency counter, 50 MHz, $1925 (100 MHz, $2525)

Instant readings to 12.4 GHz with Ac‘m’ plug-ins

Quick as you couple the signal, a microwave reading
appears. Notice the reading is “11,659.219 Mc,” an
actual microwave frequency— presented with counter
accuracy because the input is phase locked. No calcu-
lations. No risk of human error. You simply plug in the
ACTO for the range you’re working in, then use the instru-
ment just as though it were a simple frequency counter.

=

AGTO’S for HP counters?

People keep asking us if ACTO’s will work with Hewlett-
Packard Model 5245L frequency counters. The answer
is yes. We didn’t build our ACTO for HP counters, but
it turns out that a slightly modified ACTO (our Option W)
will slip into the HP plug-in cavity and perform beauti-
fully. So if you already have an HP 5245L, we won't
insist that you buy another counter to get ACTO perform-
ance. You can have ACTQ’s for your HP counter to cover
the full 0.3 to 12.4 GHz range.

l,‘*__,_ Bk o ¢
FEa
l
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ACTO, 0.3 to ACTO, 3 to ACTO, 8 to
3 GHz, $975 8 GHz, $1,950 12.4 GHz, $1,975

When you change the input frequency, the reading
changes right along with it. All automatically. No oper-
ating adjustments whatever. That's why we call our
plug-in “ACTQ” for “Automatic Computing Transfer
Oscillator.” It enables people with very little technical
skill to make precise measurements rapidly and without
mistakes.

See them
in action
at WESGON,

Hollywood Park
Booths 147 to 149
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Transfer oscillator, 50 to 500 MHz Input video Integrating DVM,
50 MHz to 26 GHz het frequency amplifier, $350 $575
with external extender, $550

mixers, $1,550
50 MHz to 15 GHz

transfer oscillator,
$1,500

Simpie 2-step readings to 15 GHz with one plug-in

Tune transfer oscillator until a zero beat—any zero Adjust harmonic preset until the reading appears.
® beat—appears on the built-in scope. The transfer = Notice the counterreads ““10,803.722 Mc,"” an actual
oscillator is now phase-locked to the input. microwave frequency presented with counter accuracy.

Transfer oscillator plug-in gives you the enormous range from dc to 15 GHz in a single cabinet plus
the ability to measure pulsed rf, FM center frequency and FM deviation.

The harmonic preset on the Systron-Donner transfer
oscillator eliminates all need to calculate the har-
monic number if you have even a rough idea of the
frequency of the signal —as is nearly always the
case. In the example above the frequency was
known to be about 10.8 GHz. The following readings
appeared as the harmonic preset was increased:

Send this card now for complete data

[] Please have a sales representative contact me

[] Send catalog with complete data on your

e ek frequency measuring equipment

number Reading [J Send data on ACTO'’s for HP counters
84 10,676.634 Mc (Far too low)
86 10,928,860 Mc (Far too high) Name
The center reading was obviously the correct indi- Title Phone Ext

cation—located quickly, unambiguously and without

calculation. Organization

Address

I
I
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I
|
|
|
:
I
|
85 10,803.722 Mc (Obviously correct : Please print:
|
I
|
I
|
|
|
|
I
I
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Why Systron-Donner counters measure with unmatched accuracy

can get a counter from the calibration lab to the bench
with assurance that you have not lost the benefit of
calibration in the process. And the fast one-hour warm-up
means no waiting.

Check and you’ll see that no other frequency counters
can match these extraordinary oscillator specs:

Aging rate after 30 hours use: 1 part in 10°
per 24 hours

Aging rate after 1400 hours use: 2 parts in 1010
per 24 hours

Turn-off/turn-on accuracy: Returns to within 5 parts
in 10° of turn-off frequency within 1 hour
after turn-on

Stability averaged over 1-second counting period:
1 part in 1010 rms

Price: $400 (Standard Option B)

> +3
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The answer is the oscillator. e “\Freauency after turn-on
Systron-Donner counters with Option B give you accu- gg T
racy based on an oscillator with an aging rate of only =) =
1 part in 10° per 24 hours. That's three times the ¥ 9
stability you can find in any other frequency counters. e 0
It means more accurate frequer_lcy. readi.ngs right up to § Frequency at turn-off
15 GHz—and less need for periodic calibration. <
What's more, you can turn off a Systron-Donner E -1
counter with assurance that it will still be accurate next 0 1 2 3 4
time you turn it on. (That assurance is hard to come by HOURS AFTER TURN-ON
because most counter manufacturers don’t specify. the Recovery of an Option B oscillator after being turned off one
effefCt of a shUtdown on accf".racy-) SyStron'Do'tm?r week. This oscillator returned to within 1 part in 10° of turn-off
Option B oscillators are specified to return to within frequency within an hour. Recovery is conservatively specified
5 parts in 109 of the turn-off frequency one hour after to be 5 parts in 10°.

turned on. This means you can move Systron-Donner
counters around the lab freely and still make measure-

ments of the highest accuracy. It also means that you svYSTRON @ DONNER

SYSTRON-DONNER CORPORATION
_________________________________ 888 GALINDO STREET CONCORD, CALIFORNIA 94520
PHONE: (415) 682-6161 TWX: 415-687-3200

FIRST CLASS CABLE: SYSTRONDONNER

PERMIT NO. 57
CONCORD
CALIFORNIA

BUSINESS REPLY MAIL it S
POSTAGE WILL BE PAID BY
Systron-Donner Corporation
Electronic Instruments Division

888 Galindo Street
Concord, Galifornia 94520




WESCON USA

Computers aid electronic circuit design and analysis

Computer-aided electronic design is no longer a
pipe dream. It’s here to stay. Any doubt about this
is erased by the papers that make up Session 1,
“Circuit Engineering by Digital Computation.”

The amount and diversity of information
presented at Wescon this year gives a good in-
dication of just where design-by-computer is
headed. Ranging from network analysis to control
system simulation and synthesis—heretofore a
specialty of the analog computer—the design
tasks that have been successfully performed by
the digital computer point to a bright and expand-
ing future for this still very young design tool.

The Wescon papers, four in all, deal with IC
mask design, linear system analysis, servosystem
design, and RLC network analysis—all computer-
aided.

LISA offers simpler language

In the paper entitled “LISA—a program for
Linear Systems Analysis,” K. L. Deckert and E. T.
Johnson of IBM’s Systems Development Division,
San Jose, Calif., describe LISA, an experimental
program designed for circuit analysis. LISA is an
integrated package of 7090/94 FORTRAN IV
programs that is capable of analyzing linear
systems using La Place transform techniques.
Networks, two block control systems, or a system
of linear equations having polynomial elements in
its coefficient matrix can be analyzed.

The user can describe his problem to the ma-
chine by using any one of several approaches:
topological circuit description, transfer function,
matrix equation or block diagram. Outputs, in
either listing or graphic-plot form, can be either
root locus, sensitivity, poles and zeros, or frequen-
cy and transient response.

Perhaps the most outstanding feature of LISA
is its ability to accept data in free format form.
This means that the user can place input words
and data anywhere on a card separated by com-
mas.

Computer used for RLCT analysis

Transient and complex frequency analysis by
computer is also treated in a paper delivered by K.
Lock, also of IBM’s Systems Development Divi-
sion. Rather than describing a program, however,
Lock presents a mathematical method for use in
describing RLCT (i.e., RLC plus ideal transform-
er) networks.

Lock’s method involves network description
completely in node-pair voltages, which allows

ELECTRONIC DESIGN, August 16, 1966

transformer constraints to be handled in a man-
ner similar to Kirchoff’s voltage equations. Analy-
sis can be performed either by considering the
network as a whole or by partitioning it into a
number of subnetworks which are then sequen-
tially analyzed.

Computer analyzes, simulates servosystem

Starting with a method of analyzing a servosys-
tem’s linearity, D. B. Gaisch, of the same IBM
division, proceeds to a complex statistical analysis
and simulation of the system.

A portion of Gaisch’s paper is devoted to prob-
lems related to the computer simulation and
analysis of a dynamic system. Describing the
method as applied to two different dynamic sys-
tems, the author tells how: (a) each system was
mathematically described before actual construc-
tion; and (b) how the mathematical description
was used as basis for digital computer simulation
of both systems. Using the print-out and graphic
output data resulting from the computer’s analy-
sis, the author was able to synthesize both sys-
tems.

Computer designs IC masks

Integrated circuit mask design by digital com-
puter is well represented at Wescon. A method for
checking and making monolithic integrated circuit
masks is described in a paper by D. M. Sheppard,
W. T. James, M. E. Harris and A. M. Barone of
IBM’s Component Div. in Hopewell Junction, N. Y.

The authors describe the techniques they devel-
oped to aid the chip designer in developing an
efficient layout procedure, checking the logic
against the layout and converting the layout
diagram into master artwork for etching or
screening. The “master slice” concept was used as
the basis for the computer program. With this
approach, a fixed set of circuit elements is ar-
ranged on the wafer and then the desired circuits
are determined by the interconnection pattern.
This approach offers the advantage of having a
single set of diffusion masks serve a number of
different functional chips.

Wire-routing information can be fed to the
computer by a mechanical X-Y digitizer or by
drawing the wiring diagram on the console of a
visual display unit and storing it in memory. The
authors believe that the visual display method
offers greater potential accuracy and when time
shared, will offer cost advantages over the me-
chanical digitizer. m =
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COUNTERS

CRUSADING ENGINEERS: WRITE FOR LITERATURE AND ‘“CHECK THE SPECS.”

ALL SILICON
SOLID-STATE
2.5, 5, & 225 MC

CMC's 600 series counters use all silicon semicon-
ductors for higher reliability, superior temperature
stability. Simplified design and advanced ‘‘Mother
Board' circuitry reduce components. Temperature
operation —20 to +65°C standard, —30 to +75° C
available. All silicon memory (display storage), a
standard feature, is not subject to slow response
and upper temperature limitations of photocon-
ductor memory circuits. Automatic decimal point.
0.1 volt rms sensitivity.

(o] [ I u,»--.

5 MC UNIVERSAL COUNTER-TIMER

Measures frequency, period, multiple period aver-
age, frequency ratio, time interval, and totalizes.
Frequency measurement range: O to 5 mc. Period:
0 to 1 mc. Multiple period average measurement
to 107 from O to 2.5 mc. 1 mc crystal time base:
stability =2 parts in 107 per month. Six decade
inline biquinary display. Model 607A.

2 CPS TO 2.5 MC FREQUENCY COUNTERS

Six models. Measure frequency, period, time inter-
val with internal or external clock, frequency ratio,
and totalize. Four to six decades with double-column
neon lamps or inline long-life biquinary display. All
silicon solid-state. Models 600A, 601A, 602A, 603A,
604A, 605A.

NEW 2.5 MC ALL SILICON PRESET COUNTER

Model 614A Preset Multi-function Counter, extends
applications to normalizing and multiplication by
any preselected constant. Gate time presets to
any interval from 10 psec to 100 seconds. Gate
time presets by remote selection. Direct display as
mph, rpm, ms per N periods, etc. 614A also mea-
sures frequency and period and totalizes. Fre-
quency range 2 cps to 2.5 mc. Period and frequency
ratio ranges: 2 cps to 500 kc. Preset count circuitry
operates dependably at frequencies through 300
kc — up to three times as fast as other variable
gate time counters. 100 kc crystal time base: sta-
bility #2 parts in 10¢ per week. Standard five
decade inline biquinary display (sixth optional),
with automatic decimal point and memory.

Ecal
NEW 225 MC FREQUENCY METER

Model 616A provides low cost direct frequency
measurement from 10 cps to 225 mc by use of a
built-in prescaler. Plug-ins extend frequency to
1000 mc, 3000 mc or 12 gc. 1 mc crystal time
base: stability +2 parts in 107 per month. Front
panel switch permits selection of (1) direct fre-
quency measurement, 10 cps to 10 mc, (2) pre-
scaled frequency measurement, 500 kc to 225 mc,
or (3) extended frequency measurement with plug-
in frequency converter. Automatic decimal and
memory are standard. Model 633A Time Interval
Meter plug-in for Model 616A has range of 1 psec
to 10 sec with resoultion of 1 psec (.1 psec optional).
Model 634D Frequency Converter plug-in for
Model 616A provides additional measurement
capability up to 3000 mc.

SOLID-STATE
DUAL PLUG-IN

25 MC, 50 MC, 110 MC

CMC's Digi-Twin* is the most versatile solid-state
counter available. Frequency to 110 mc direct
counting. Time measurements to 10 nanosecond
resolution. Select frequency range and function
plug-ins as your needs change. Buy plug-ins, not
new instruments. Printer output. Automatic deci-
mal. Power supply in basic chassis. NIXIE* read-
out, 1 mc crystal oscillator with decade countdown
time base and related circuitry.

The Model 800 has 8 decade readout, memory
standard. Gate times: 1 psec to 100 sec in decades.
Oscillator stability: =3 parts in 107 per day.

THREE FREQUENCY RANGE MODULES
Maximum frequency ranges for plug-ins: Model
801Ais 25 mc. Model 802A i1s 50 mc. Model 803A
is 110 mc. Same accuracy as basic counter

FUNCTIONAL PLUG-IN VERSATILITY

Three basic function modules available, two fre-
quency period and one counter-timer. Period
measurement: 831A and B 0.5% accuracy; 832
and 833A and B 0.3% accuracy. Time interval
measurement range: 0.1 psec to 10® sec with
801A and 802A; 03 psec to 10® sec with 803A.
"'B' Models are remotely programmable. Five
special purpose modules are currently available:
Model 834B, 600 mc heterodyne converter offers
range measurement from 50 mc to 600 mc in
10 mc steps. Model 834D, heterodyne converter
with frequency range from 100 mc to 3200 mc.
Model 835A, Integrating Digital Voltmeter with
measurement ranges of 0.1v, 1.0v, 10.0v, 100v,
and 1000v full scale. Model 838A, digital phase
meter with range from 10 cps to 100 ke, and
accuracy of 0.5. Model 846A, is a 0.1 gc to 12 gc
transfer oscillator with self-test.

NEW 10-Line/Sec.
DIGITAL PRINTER

>
HIGH-SPEED, NEW LARGE DIGITS,

SOLID-STATE DRIVE AND LOGIC

Fastest, easiest to read, not a modified adding
machine or calculator. 35 millisecond data acqui-
sition. Prints 12 columns at 10 lines per second.
Electrically positioned decimal without loss of digit.
Left zero elimination. New simple electromagnetic
design eliminates commutators and moving con-
tacts. Column suppression on command. Half rack
size. Up-front pushbutton controls. Eight columns
standard, others optional. Model 410A.

MILITARIZED
SOLID-STATE

FULLY MILITARIZED 100 MC COUNTER

Model 880A is the first and only solid-state counter
fully militarized to meet Mil Specs. It measures
frequency, period, multiple period average, fre-
quency ratio, frequency ratio average, time interval
with internal and external clock, and totalizes;
scales input frequency in decade steps; provides
standard frequency outputs. Price close to com-
mercial counters. Check these specs: 0 to 100 mc
frequency range; oscillator stability of 1 part in
10%; meets or exceeds MIL-E-16400, including
appropriate temperature, humidity, vibration, shock,
and RFI Specs. Built-in time interval measurement.
Eight decade inline display.

PLUG-INS FOR MILITARIZED 880A

Model 884A, Frequency Converter plug-in extends
Model 880A range to 500 mc. Solid-state circuitry.
Acceptance-tested to MIL-E-16400, MIL-S-901, and
MIL-1-16910. Step selector switch. Model 885A,
Heterodyne Frequency Converter with range from
100 mc to 3200 mc. Model 886A, Transfer Oscil-
lator plug-in with frequency range from 0.1 gc to
1.0 gc (on band 1) and 1.0 gc to 12 gc (on band 2).

ORDER YOURS

Mail this coupon for complete
technical data, and earn your free
Crusading Engineers Medal.

Mail to: CMC, 12973 Bradley Ave.
San Fernando, California, U.S.A.

Send data on models
[] Send Crusading Engineers medal.

NAME

COMPANY

ADDRESS

ciTY STATE

WRITE CMC - SAN FERNANDO, CALIFORNIA - PHONE (213) 367-2161 - TWX 213-764-5993 - OR SEE LOCAL REPRESENTATIVE FOR MORE INFORMATION
Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 44
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Rutherfort

PULSE & TIME DELAY
GENERATORS

RUTHERFORD

HIGH VOLTAGE
PULSE GENERATORS
ARE THE STANDARD
OF THE INDUSTRY

The B-7 series of vacuum tube pulse generators
have earned a reputation for high performance,
precision and reliability. They have the accuracy
and versatility to meet today's rigid standards of
testing, research and development. They have
proven their capabilities as systems components
as well as in field operation.

Model B-7B features rep rates to 2 MHz and out-
puts of 50 volts into 50 ohms. Printed circuit
boards. Variable rise time control. Trouble-free
single unit construction. Overload protection. Sta-
bilized noise-free repetition rate schedule. Rack.
mountable.
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Model B-7D incorporates all of the time-proven spe-
cifications of the popular Model B-7B with several
extra features. Simultaneous positive and negative
output pulses are available at front panel connec-
tors. The rise and fall time of each pulse is sepa-
rate and independent, and may be degraded with-
out affecting the other. The DC level of each output
may be set to zero by front panel control, or may
be offset.

Model B-7F adds the following features to the basic
specs of Model B-7B: (1) repetition rate is contin-
uously variable from 2 Hz to 2 MHz; (2) output
pulse rise or fall time may be independently de-
graded to approx. 1 usec; (3) either single or double
pulse output available by front panel control.

NEW—-REMOTELY
PROGRAMMABLE
PULSE GENERATOR

gree of accuracy, stability, reliability, or range of
easy operation. It exceeds requirements of today's

tially or in parallel, with digital information from
tape or card readers. Remotely programs to control
six to eight information bits. Internal rep rate is
.2 psec — 999 sec in 8 ranges. Pulse delay of 0 to
999 sec. Pulse width at 50% amplitude points is

Rise and fall time <20 nsec.

SOLID-STATE
PULSE GENERATORS
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Model B-14 is a low cost, highly versatile, compact
and portable general purpose pulse generator. It
features repetition rate of 20 Hz to 2 MHz. Delay
is 0 to 10,000 usec. Amplitude is 15v into 1,000
ohms, 8v into 50 ohms. Pulse width of .06 to
10,000 usec. Rise and fall time is less than 10

able for completely portable operation.

Also, its amplitude is 10v into 50 ohms. Both units

able battery pack available.

Model B-16 all transistorized pulse generator offers
a rep rate of 20 Hz - 20 MHz. Variable rise and fall
times of less than 5 nsec to greater than 200 nsec.
Pulse width is 0.015 -10,000 usec. Amplitude is
0 to 10 volts, peak. Single or pulse pair operation.
Rack mount available.

Model PPG3 is the only solid-state, digitally con-
trolled programmable pulse generator of its type.
No other automatic pulse generator offers the de-

most sophisticated automatic checkout systems.
All major parameters may be programmed, sequen-

0.1 psec — 999 sec. Pulse amplitude is 0-25 volt.

nanosec, fixed. Rechargeable battery pack avail-

Model B-15 has the same fast rise and fall time,
delay and pulse width as Model B-14. In addition,
B-15 offers a repetition rate of 5 Hz to 5 MHz.

are only 12 wide x 5" high x 11%2” deep. Recharge-

SOLID STATE
DIGITAL

TIME DELAY
GENERATORS

These three time delay generators are designed

with solid-state circuitry for reliability and main-

tenance free performance. Their high accuracy with
very low delay jitter lets you calibrate synchroscope

sweeps, produce accurately spaced pulses for bio-
logical investigations, measure waveform timing,

measure pulse width, use with pulse generator for
more accurate delay, etc.

All three models below have these specifications:
Delay range of 0.0 to 999,999.9 usec in increments
of 100 nsec. Delay accuracy of +(0.001% of set
delay + 2 nsec.) Delay jitter less than 1 nsec.

Model A10 provides 3 delayed pulses. Also offers
amplitude of 10 volts, peak, min., into =50 ohms.
Approx. 15 nanosec rise time. Approx. 50 nsec
width. Instrument is 83%" high x 19” wide x 12" deep.

Model Al11

offers single delayed
pulse with same
basic delayed pulse
specs as A10 except
amplitude is 6 volts,
peak, min., into > 50 ohms. And rise time is approx.
10 nsec. Unit is half-rack size (5%" high x 9%2” wide
x 142" deep). Rack mounting unit is available.

[
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Model A12 produces three delayed pulses, and has
same basic delayed pulse specs as A10 except
amplitude is 70 volts, peak, min., into = 50 ohms.
Width is 3 usec min. Rise time is approx. 0.1 psec.
Repetitive and manual reset operation. Manual
offers fail-safe triggering to protect against loss of
information.

Mail this coupon for complete
technical information, and earn

your free Crusading Engineers
Medal with Rutherford service bar

Mail to CMC/Rutherford, 12973
Bradley Avenue, San Fernando.
California, U.S.A

Send data on models______ A - ==t
[7] Send Crusading Engineers medal.

Name = —
Company______ B L SR ==

Address S ot

O - State a4 Zip_

WRITE CMC / RUTHERFORD - SAN FERNANDO, CALIFORNIA - PHONE (213) 367-2161 + TWX 213-764-5993 - OR SEE LOCAL REPRESENTATIVE FOR MORE INFORMATION
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THIS IS A COMPLETE
CONTROL METER

Not only the most compact, but also the simplest, fastest-acting,
most rugged and dependable yet to reach the market.

Minitrol ER35 (above), with 31" scale, is 7” thin and 4%, deep,
handles up to 300 MA at 100 V internally — thanks to the unique
PARKER etched-coil movement and the new contactless, mirrorless,
prismless all-solid-state photo switching. Modules for high-density
monitor/control applications assemble 22 abreast in a 19” rack.

Surface-mounting models (right) have the same self-contained
switching and brilliant performance in cases also 7” thin.

Ask for Bulletin M-5. SR35/312" SURFACE-MOUNTING SBR35 & 45/312" & 414" SURFACE-MOUNTING

oo PR E<E=F INSTRUMENT CORP. 200 HARVARD AVE /| STAMFORD, CONN 06904 / (203) 325-4361 / TWX 710-474-3390
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Most designers
MECL circuits
just because theyre

the fa,stest available...
(they may be overlooking a good bet!)

Sure, speed is important. And, when you need
speed, you should use fast (6 nsec propagation
delay) Motorola MECL integrated circuits.

But, we think the designer may be missing a
lot if he doesn’t take advantage of the simultaneous
complementary logic function you get with MECL
circuits. What better way can you eliminate those
extra inverter circuits and minimize can count. (Not
to mention the money you save.)

And, the designer should take advantage of
wide range of circuit types available with MECL
— all the way from the ultra-fast J-K Flip-Flops
to a whole series of multi-input gate circuits . . .
including some 17 specific circuits. Then, too, you
can get all circuits in both the MC300 Series for

military designs (—55°C to +125°C range) and the
industrial MC350 Series (0-to +75°C range) for
commercial equipment designs. Circuit prices start
as low as $1.95 in 100 quantities.

One other point. They’re available now for
immediate production application in your newest
designs.

So don’t use MECL circuits ‘“‘just because
they’re fast”. Take advantage of all the extra design
benefits you get. If you’d like more information
about how Motorola MECL integrated circuits fit
your newest designs, see your local Motorola repre-
sentative or write: Technical Information Center,
Motorola Semiconductor Products Inc., Box 955,
Phoenix, Arizona 85001.

see HIGHLIGHTS oF W esScon AT BOOTH 1301-1304

MOTOROLA semiconductors

~ whene the priceless inqrediont & eane!

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 47
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WESCON USA

Technical program

When, where and what to hear at Wescon

Here is the complete Wescon
technical program, by session, in-
cluding times and places for each
paper. A form for ordering paper
reprints is also included.

1 Circuit Engineering by Digital
Computation

(Tues./a.m./B)

Chairman: D. W. Cooper, IBM Sys-
tems Development Div.

1/1 A Computer-Oriented Method for
Analyzing Networks with RLC Ele-
ments and Ideal Transformers—
K. Lock, IBM Systems Development
Div.

1/2 LISA—A Program for Linear
Systems Analysis—K. L. Deckert
and E. T. Johnson, IBM Systems
Development Div.

1/3 Computer-Aided Design of Two
Servosystems—D. B. Gasich and
R. H. Friesen, IBM Systems Devel-
opment Div.

1/4 A Computer-Aided Method for
Checking and Making Monolithie
Integrated Circuit Masks—D. M.
Sheppard, et al, IBM Components
Div.

Code to abbreviations

The abbreviations used within
this index are as follows:
a.m.—Morning sessions
p.m.—Afternoon sessions

All sessions will be held in the
Biltmore, as follows:

B—Biltmore Bowl
Ba—Biltmore Ballroom
G—Biltmore Galeria Room
M—Biltmore Music Room
R—Biltmore Renaissance
Room
Numerals refer to sessions and
to papers within a session—
for example, 4/1 is paper 1 in
session 4.
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2 Solid-State Devices and Inte-
grated Circuits

(Tues./a.m./Ba) 5
Chairman: P. Myers, Bunker-Ram
Corp.

2/1 Metal Semiconductor Shottky

Barriers and Devices—M. M. Atalla,
Hewlett-Packard

2/2 Unpackaged Devices—J. M. Gol-
dey and J. M. Early, Bell Telephone
Lab.

2/4 Micropower Linear Circuits—
J. D. Meindel and P. H. Hudson,
U.S. Army Electronics Command

2/4 Micropower Linear Circuits—/J.
D. Meindel and P. H. Hudson, U. S.
Army Electronics Command

3 Piezoelectric Ceramic Devices
and Applications

(Tues./a.m./M)
Chairman: O. M. Steutzer, Sandia
Lab.

3/1 Improved Ceramics for Piezo-
electric Devices—G. H. Haertling,
Sandia Lab.

3/2 Switching Properties of Poly-
crystalline Ferroelectrics—R. H.
Plumlee, Sandia Lab.

3/3 The Theory of Linear Multi-elec-
troded Piezoelectric Plates—R. W.
Holland, Sandia Lab.

3/4 Ferroelectric Ceramic Logic and
NDRO Memory Devices—D. G.
Schueler, Sandia Lab.

3/6 Small-Signal Applications of
Monolithic Multiport Piezoelectric
Devices—C. E. Land, Sandia Lab.

4 Satellite Communications

(Tues./a.m./R)
Chairman: F. Druding, Litton Mellon-
ics, Systems Development Div.

4/1 Communications Satellite System
Operations—G. D. Dill, Communica-
tions Satellite Corp.

4/2 Multiple Access—A Survey of
the State-of-the-Art—R. R. Cagnon,
TRW Systems

4/3 Evaluation of Techniques for
Scheduling Satellite Communica-
tions Systems—M. D. Lenske, Lit-
ton Mellonics, Systems Development
Div.

4/4 “Mascot,” A Military Air Trans-
portable Satellite Communications
Terminal for Crises Management—
J. M. Rosenberg, et al., Philco West-
ern Developments Labs. :

4/5 Satellite for TV Distributions—
P. S. Visher, Hughes Aircraft

5 Recent Advances in Non-Digital
Applications and Interconnec-
tion Aspects of Integrated Elec-
tronics

(Tues./a.m./G)
Chairman: A. J. Khambata, Univac

5/1 Laser-Induced Resistivity Chang-
es in Film Resistors—S. J. Lins
and R. D. Morrison, Univac

5/2 Thin-Film Memory Sense Am-
plifier Using Linear Integrated Cir-
cuits—J. W. Staubus, Univac

5/3 Laminate Printed Circuit Inter-
connection of Integrated Circuits—
J. A. Kimlinger, Univac

5/4 Packaging Monolithic Integrated
Circuits in the Univac 1824 Aero-
space Computer Central Processor
—R. A. Beck and E. I. Moore, Uni-
vac

5/5 Some Future Aspects of Microe-
lectronies—V. Uzunoglu, Arinc Re-
gsearch Corp.

6 Electron Devices

(Tues./p.m./Ba)
Chairman: W. R. Luebke, Eimac Div.,
Varian Associates

6/1 High Power Linear Beam Tubes
—T. Moreno, Varian Associates

6/2 Recent Advances In Beam-Plas-

ma Amplifiers—P. Chorney, Micro-
wave Associates
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6/3 Television Cathode-Ray Display
Tubes—F'. Townsend, Westinghouse
Electric

6/4 Solid-State Switching Devices—
V. Sundra, Transitron Electronics

7 The Application of State-
Variable Techniques in Com-
munication and Radar

(Tues./p.m./M)
Chairman: H. L. Van Trees, Depart-
ment of Electrical Engineering and

Research Lab. of Electronics,
M.I.T.

7/1 Detection and Continuous Esti-
mation Theory—H. L. Van Trees,
M.I.T.

7/2 The Use of State-Variables and
Markov Processes to Problems of

Analog Communication—D. Snyder,
M.L.T,

7/3 Maximum a Posteriori Interval
Estimation—A. Baggeroer, M.I.T.

7/4 Signal Optimization for Additive
Noise Channels with Feedback—
J. K. Omura, Stanford Univ.

7/5 A Modern Approach to Signal
Design—F'. Schweppe, Michael Ath-
ans, M.I.T.

8 Recent Advances in High Fre-
quency Solid-State Transmitter
Systems

(Tues./p.m./R)
Chairman: E. E. Spitzer, RCA

8/1 R/F Transistor Considerations—
S. Matyckas, RCA

8/2 Application of Overlay Transis-
tors to Solid-State Mobile Equip-
ment—N. Richards, RCA Broadcast
Communications Div.

8/3 Microwave Transistors—H. C.
Lee, RCA Industrial Semiconductor
Operation Dept.

8/4 High Power Microwave Varac-
tors and Varactor Multipliers—
J. Collard, RCA

8/5 Microwave Solid-State  Multi-
pliers for Space Systems—W.
Dodds, RCA Microwave & Power
Tube Operations

9 Advanced Spaceborne Computer
Concepts

(Tues./p.m./G)
Chairman: W. Semon, Burroughs
Corp.

9/1 Spaceborne Multiprocessing Or-
ganizations—7T. E. Burke, NASA
Electronics Research Center

9/2 Associative Memories for Space
Applications—D. Gunderson, Honey-
well Systems and Research Div.

9/8 Logic Design Techniques for Er-
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ror Control—J. Goldberg, Stanford
Research Institute

9/4 A Systems Approach to the Voice
Insertion of Data—W. Brodey,
NASA Electronics Research Center

10 Large Scale Integration

(Wed./a.m./B)
Chairman: D. E. Rosenheim, T. J.
Watson Research Center

10/1 Systems Consideration for L.S.I.
—M. G. Smith, T. J. Watson Re-
search Center

10/2 Design Automation for L.S.I.—
H. Freitag, T. J. Watson Research
Center

10/3 Discretionary Wiring Approach
to Large-Scale Integration—J. Kil-
by and J. Lathrop, Texas Instru-
ments Inc.

10/4 A New Dimension in Microelec-
tronic Systems—A. C. Lowell and
T. Mitsutomi, Autonetics

10/5 Micromatrix Approach to MOS
Complex Arrays—L. Vadasz, Fair-
child Semiconductor

11 Field Effect Transistors

(Wed./a.m./Ba)

Chairman: G. Rostky, EEE—The
Magazine of Circuit Design Engi-
neering

11/1 FET vs Bipolar Transistor
Characteristics—D. L. Wollesen,
Motorola Semiconductor Products

11/2 The FET as an Amplifier—
J. Sherwin, Siliconix

11/3 The FET as a Switch—C. Per-
kins, Raytheon Semiconductor

11/4 Circuit Simplifications  with
FETs—G. Luettgenau, TRW Semi-
conductor

11/5 Considerations of the FET in
Complex Arrays—M. Dix, General
Microelectronics

12 Millimeter Wave Techniques

and Applications
(Wed./a.m./M)
Chairman: D. D. King, Aerospace
Corp.
12/1 Solid-State Millimeter Wave

Power Generation and Amplifica-
tions—R. Rafuse and D. Steinbrech-
er, Research Lab. for Electronics,
M.I.T.

12/2 Some Applications of Millimeter
Waves in Atmospheric Research—
R. L. Mitchell, Aerospace Corp.

12/3 Millimeter Wave Radio Astrono-
my—D. Thornton, Space Science
Lab., Univ. of California

12/4 Millimeter Spectroscopy and Ap-
plications to High Temperature
and Unstable Molecules—J. J. Gal-
lagher, Martin-Marietta

12/5 Solid-State Millimeter Wave Re-
ceivers—J. Kirwan and C. Abron-
son, Space-General Corp.

13 Theory, Design, and Testing of
Error-Correcting Devices

(Wed./a.m./R)
Chairman: A. E. Fein, Westinghouse
Defense and Space Center

13/1 Forced Erasure Decoding—R. M.
Heller and R. G. Marquart, West-
inghouse Electric Corp.

13/2 Design and Test of a Simple
Error-Correcting Coding System—
J. M. Van Horn, Codex Corp.

13/3 Design and Performance of a
Time Spread Coder—L. E. Hayden
and A. E. Fein, Westinghouse Elec-
tric Corp.

13/4 Evaluation of Error Correction
Block Encoding for High-Speed
Data—L. Brayer and O. Cardinale,
The Mitre Corp.

14 Effective Utilization of Grid-
Based Interconnection Sys-
tems

(Wed./a.m./G)
Chairman: S. V. Worth, Elco Corp.

14/1 Effective Utilization of Grid-
Based Interconnecting System—
S. M. Paulson, Interstate Electron-
ics Corp.

Technician examines enlarged com-

puter-produced interconnection pat-
tern for an array of circuits. The ac-
tual array is shown in the foreground
(paper 10/2).
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14/2 Design Parameters for Pro-
gramed Machine Wiring—D. P.
Brouwer, Gardner-Denver

14/3 Design Criteria for Metal-Plate
Connectors—B. Sheingold, Elco
Corp.

14/4 Tolerance Specification by Mul-
tiple Alignment Statistics—L. Nan-
18, Institute of Direct Energy Con-
version, Univ. of Pa.

15 Engineering Education for
Student and Professional
(Panel)

(Thurs./p.m./B)
Chairman: D. J. M. Pettit, Stanford
Univ.

Panel members: Dr. F. E. Terman,
Foundation for Science and Engi-
neering, Southern Methodist Univ.

Dr. T. F. Jones, Jr., President, Univ.
of South Carolina

Dr. R. E. Samuelson, Motorola, Inc.
Military Electronics Div./Western
Center

Dr. R. W. Kulterman, IBM Corp.

Dr. F. K. Willenbrock, Associate Dean
of Engineering, Harvard Univ.

16 Electronic Systems for Urban
Rapid Transportation

(Thurs./a.m./Ba)

Chairman: R. C. Wigger, Advance
Data Systems Div., Litton Indus-
tries

16/1 Engineering Tomorrow’s Tran-
sit Today for BARTD—D. N.
Aboudara, San Francisco Bay Area
Rapid Transit District

16/2 Computer Control of Transit
Cars—C. W. Woods, Westinghouse
Air Brake Co.

16/3 Urban Rapid Transportation
and Automatic Revenue Control—
R. Silver, Litton Advance Data Sys-
tems

16/4 Application of Electronics in
Urban Public Transportation Sys-
tems—J. C. Beckett, Hewlett-Pack-
ard Co.

17 Design and Performance Capa-
bilities of Solid-State High-
Frequency Linear Amplifiers

(Thurs./a.m./M)

Chairman: R. S. Engelbrecht, Bell
Telephone Labs.

17/1 Comparative Appraisal of High-
Frequency Solid-State Linear Am-
plifiers—R. S. Engelbrecht, Bell
Telephone Labs.
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17/2 Analytical and Experimental

Design Procedure for Microwave
Tunnel-Diode  Amplifiers—C. S.
Kim, General Electric Co.

17/3 Field Effect Transistor Am-
plifiers—P. D. Stark, Bell Telephone

17/4 Microwave Transistor Am-
plifiers—P. D. Stark, Bell Telephone
Labs.

18 Plastic Transistors—Their
Impact on the Industry

(Thurs./a.m./R)
Chairman: J. E. Harrison, Bendix
Semiconductor Div.

18/1 Economy Line Semiconductors
—Their Future—J. Bockhaus, Gen-
eral Electric Co.

18/2 Market Impact of Plastic Semi-
conductors—G. Berryman, Texas
Instruments

18/3 The Technical Aspects of Pro-
duction—J. McDougall, Fairchild
Semiconductor

18/4 Silicon Plastic Power Transistor
—Its Introduction to the Market—
H. Newman, Semiconductor Div.,
Bendix

19 Parameters to be Considered
in Choosing Sophisticated
Microwave Devices in the De-
sign of New Microwave Re-
ceiver Systems

(Thurs./a.m./G)
Chairman: B. Kaiser, Watkins-John-
son Co.

19/1 State-of-the-Art Advances in
Ultra-Low-Noise TWT’s and Their
Applications—B. P. Israelsen and
C. C. Billat, Watkins-Johnson Co.

19/2 New Advances in the Design of
BWOs: Their Applications and Rel-
ative Merits—B. Kaiser and A. T.
Isaacs, Watkins-Johnson Co.

19/3 YIG Devices: Their Technology,
Application, Advantages and Disad-
vantages in the Design of Sophisti-
cated Microwave Receiver Systems
—L. B. Fletcher and R. W. Peter,
Watkins-Johnson Co.

19/4 Application of Ultra-Miniature
Ferrite Devices for Advanced Re-
ceiver Systems—V. E. Dunn, et al,
Watkins-Johnson Co.

20 Power and Control Integrated
Circuits
(Fri./a.m./B)

Chairman: M. J. Hellstrom, Westing-
house Electric Corp.

20/1 A Monolithic Voltage Regulator
—J. Jennings, N. Oppenheimer,

Westinghouse Molecular Electronics

Div., and E. A. Karcher, ITT Semi-
conductors

20/2 A Logic-SCR Driver Integrated
Circuit—M. Oppenheimer, Westing-
house Molecular Electronics Div.

20/3 An Integrated Amplifier-Firing
Circuit—M. Hellstrom and C.
Laughinghouse, Westinghouse Mo-
lecular Electronics Div.

20/4 Low Power Solid-State Invert-
ers for Space Applications—P. Ver-
gez, V. Glover, Texas Instruments,
and B. Willis, NASA Astrionics
Lab.

20/5 Power Devices for a Solid-State
Inverter—D. Manus, et al, Texas In-
struments

20/6 Monolithic Integrated Circuit
Arrays for a Solid-State Inverter—
P. S. Newcomb, Texas Instruments

21 High Availability Computer
Systems

(Fri./a.m./Ba)
Chairman: W. C. Carter, IBM Corp.

21/1 Criterion for Assessing the Reli-
ability of Total Computer Systems
—W. E. Marshall, Control Data
Corp.

21/2 System Effectiveness as a Gen-
eralization of System Availability—
S. W. Leibholz, Auerbach Corp.

21/3 Monitoring Reliability Require-
ments by Total System Specification

Surveyor 1

An extra session, designated
Session X and devoted to Survey-
or 1, was added to the technical
program in light of the wide-
spread interest in the successful
Surveyor mission.

X Surveyor 1
(Thurs./p.m./B)

Chairman: S. C. Shallon, Hughes
Aircraft Co.

X/1 Surveyor 1 Telecommunication
and Command Subsystems—R. J
Rechter and F. K. Rickman,
Hughes Aircraft Co.

X/2 Tracking and Data Acquisi-
tion System for Surveyor 1—Dr.
N. A. Renzetti, Jet Propulsion Lab.

X /3 Surveyor 1 Terminal Descent
System—Dr. H. D. Marbach,
Hughes Aircraft Co.

X/4 Surveyor 1 Lunar Survey Tel-
evision—T. B. Horne and F. J.
Wolf, Hughes Aircraft Co.

X/5 Scientific Information Ob-
tained from Surveyor—7. H.
Bird, Jet Propulsion Lab.
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and Design—R. Thomas, Jr., De-
fense Communications Agency

21/4 Design and Use of a Fault Sim-
ulator for Saturn Computer Design
—F. J. Hardie and R. J. Suhocki,
IBM, Federal Systems Div.

21/5 System Design for High Availa-
bility—C. M. Davis, IBM Systems
Development

21/6 Modular System Approach to
High Availability—T. S. Stafford,
IBM Systems Development

22 High-Frequency Amplifier
Design

(Fri./a.m./M)

Chairman: J. Moll, Department of
Electrical Engineering, Stanford
Univ.

22/1 Small-Signal Design (Systems
Handling Less Than 1 Watt)—
Speaker to be announced from Fair-
child Semiconductor

22/2 Large-Signal Design (Systems
Handling More Than 1 Watt)—
R. Hejhall, Motorola Semiconductor
Products

22/3 Junction-FET High-Frequency
Amplifiers—J. B. Compton, Sili-
conix

22/4 MOS-FET High-Frequency Am-
plifiers—P. E. Kolk, KMC Semicon-
ductor

22/5 Designing for Low-Noise—G.
Johnson, Texas Instruments Semi-
conductor Components Div.

22/6 Design Trade-Offs—R. Minton,
RCA Electronics Components and
Devices

23 The Impact of Ultra-Wideband
Sampling and Associated De-
velopments on Electronic In-
strumentation

(Fri./a.m./R)
Chairman: B. M. Oliver, Hewlett-
Packard

23/1 The Ultra-Wideband Sampling
Gate—An Analysis, Characteriza-
tion and Application Discussion—
D. Howard, Hewlett-Packard

23/2 Sampling Based Phase-Locked
Loops—G. Alonzo, Hewlett-Packard

23/3 Sampler-Based Instruments for
Complex Signal and Network Anal-
ysis—R. W. Anderson, Hewlett-
Packard

23/4 Random Sampling—A Statisti-
cal Measurement Approach—
J. Boatwright, Hewlett-Packard

24 Array Antennas for Space Ap-
plications

(Fri./a.m./G)
Chairman: L. C. Van Atta, NASA/-
Electronics Research Center

Plastic semiconductors, such as this germanium FET of Texas Instruments,
are having a jolting effect on the electronics industry (Session 18).

ELECTRONIC DESIGN, August 16, 1966

24/1 Antenna Requirements for In-

terplanetary = Communications—R.
D. Kodis, NASA/ERC

24/2 Recent Advances in the Theory

and Practice of Array Antennas—
B. L. Diamond, MIT, Lincoln Labs.

Exclusive WESCON Technical Session
Order Form

Please send me the following WESCON technical
session preprints at $2.00 per session (average:
four papers per session), plus $1 mailing charge
per complete order. | understand this order will be
mailed to my address within two weeks after re-
ceipt. Offer good until November 1, 1966.

(Note: Papers bound by sessions; no individual pa-
pers available).

Seaii.on Quantity Seﬁii.on Quantity
1 12
2 13
3 14
4 16
5 18
6 19
7 20
8 21
9 22
10 23
11 24

Total Sessions x $2.00 = §
Plus $1.00 Mailing Charge = § 1.00
Total Cost = §
Make check payable to WESCON and mail with this
form to:
WESCON
3600 Wilshire Blvd.
Los Angeles, Calif. 90005

Date

Name

Firm

Street Address

City, State, Zip Code
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24/3 An Adaptive Antenna System
for Maximizing Signal-to-Noise—
R. T. Adams, Communications Sys-
tems Inc.

24/4 A Novel Spacecraft Antenna
Array—W. T. Patton, RCA

24/5 An Electronically Scanned K-
Band Phased Array for a Space-
borne Radiometer—M. E. Louapre,
Space-General Corp.

Special invited sessions

A Information Management: A
Technology Amplifier

(Wed./p.m./Ba)
Chairman: R. M. Hayes, Univ. of Cali-
fornia

A/1 An Overview of the Information
Retrieval Field—R. M. Hayes, Insti-
tute of Library Research, UCLA

A/2 Available Hardware for Infor-
mation Storage and Retrieval—/J. C.
R. Licklider, T. J. Watson Research
Lab., IBM

A/3 The Chemists’ Approach to the
Information Problem—H. R. Koller,
Research and Development, U. S.
Patent Office

A/4 Developments in the Improve-
ment of Scientific and Technical In-
formation Exchange—M. Day, Sci-
entific and Technical Information
Div., NASA

A/5 A Plan for Technical Society In-
formation Retrieval and Exchange
—M. Rubinoff, Univ. of Pa.

B On-Line Computing—Capabili-
ties, Constraints, and Chal-
lenges

(Thurs./p.m./Ba)

Chairman: R. H. Wilcox, Office of Na-
val Research, Department of the
Navy

B/1 On-Line Educational Techniques
—D. Bitzer, Univ. of Illinois Coor-
dinated Science Lab.

B/2 Uncommon applications—L. C.
Clapp, Computer Research Corp.

B/3 Command and Control Applica-
tions—W. D. Wilkinson, Bunker-
Ramo Corp.

B/4 An Electrical Engineering Ap-
plication—Speaker to be announced
from Project MAC

C The Characteristics of Electric-
ity Supplied from Electrical
Power Systems

(Fri./p.m./Ba)
Chairman: To be announced

U0

Seismic survey crew from Litton Industries’ Western Geophysical Division is

shown setting off a marine seismic blast (Science Film Theater)

Science film theater

Again this year the Wescon
Science Film Theater will present
timely science and engineering
motion pictures each day of the
show. The theater is located at
Hollywood Park and is free to all
show-goers. The following are
the films that will be presented:

| General

1. Ideas Sylvania, Sylvania Elee-
tric Products.

2. Footprints in the Sea, U.S.
Naval Ordnance Test Station

3. Dept. of Defense Documenta-
tation Center, DOD

4. Facts of Life Cycle Cost, Mar-
tin Co.

5. Eclipse ’65, Douglas Aircraft

6. Treasures of Earth, Litton In-
dustries

7. Shape of Aerospace Market-
ing, Aviation Week

8. Road to 4 Corners, Martin Co.

Il Electronics

1. Accelerometer Calibration for
Flight and Laboratory, Endevco
Corp.

2. Microelectronics, Key to To-
morrow, Boeing Co.

3. Laser Research at NEL, Na-
val Electronics Lab.

Il Electron Applications and
Manufacturing

1. Auto Production of Vacuum

Deposit Thin-Films, Sloan Insti-

tute

2. New Era in Cooking, Micro-
wave Cooking Food, Litton In-
dustries

3. Rush Hours, Space Age, Lit-
ton Industries

4. Overlay Transistor, RCA

IV Nuclear Energy

1. Snap 10A, First Nuclear Re-
actor in Space, Atomics Int’l,
Div., North American Aviation

2. Plowshare, AEC & Lawrence
Radiation Lab.

3. Reaching for the Stars, Gen-
eral Dynamics

V Space Exploration

1. Log of Mariner 4, J. P. L.

2. Build Me a Mountain, TRW
Systems

3. Aerospace
Douglas Aircraft

4. Ranger 9 Photos of Moon

Biotechnology,

VI Satellites for communication
and Nuclear detection

1. Yardstick for New Age, Cu-
bic Corp.
2. Sons of Zeus, TRW Systems

3. Live via Early Bird, Douglas
Aircraft

VIl Computers and data manage-
ment

1. Control Data at CERN

2. Mark of Man

3. Case of the Little Green Wire,
Data Management System
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IRC metal film resistors with any
specified TC between —100 and +100ppm

Now, IRC announces Controlled Temperature Characteristic—a new line

of precision metal film resistors available with any specified TC between

—100 and +100ppm, £5ppm.

New CTC resistors offer fast rise times, negligible inductance and capaci-
tance, and superior reliability . . . especially at higher resistance values.

CAPSULE SPECIFICATIONS

They replace wirewound resistors with significant space and cost savings.

Previously available only as a costly “lab’’ item or “‘special,”” IRC offers

delivery at a price that makes them practical for temperature compensat-
ing in analog computers and delicate sensing instruments. Write for
data and prices. IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.

SIZE RN65

TC Any TC between —100
and +100ppm, =+5ppm

TEMP. SPAN Any 50°C increment be-
tween —55°C and 166°C

POWER %-W@125°C, %-W@70°C

RESISTANCE 600 to 1 meg.

STD. TOLERANCES

0.1, 0.05, 0.025%

INDUSTRY’S LARGEST SELECTION OF METAL FILM RESISTORS

e
ASSURED

RELIABILITY
METAL FILM

An industry first. 0.1, 0.01 or
0.001% levels. 1/20 to 2 watts.
20 ohms to 1 meg. + 25, 50 and
100ppm. 0.25, 0.5 and 1%
tolerances.

HIGH
STABILITY
METAL FILM

Molded and coated types, in-
cluding microminiature, 1/10 to
2 watts. 30 ohms to 10 meg. 8
TC's from + 25ppm. Tolerances
from 0.05%.

/” METAL FILM

—

f/ECONOMICAL

7

Molded and coated types for
MIL-R-10509. TC guaranteed to
within 100ppm. 1/10 to 2 watts,
10 ohms to 10 meg. 0.5 and 1%
tolerances.

/ DEPOSITED

CARBON FILM

Molded types from % to 2
watts, coated types from %
to 2 watts. 10 ohms to 1 meg.
0.5, 1 and 29 tolerances.
MIL-R-10509.

®

Speed Inquiry to Advertiser via Collect Night Letter
ON READER-SERVICE CARD CIRCLE 48
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<» new EMI/RFI
Shielded Cabinet Components

TECKMAG GASKET /STRIP
/ F EIA Rack Mounted
H s e attaches magnetically ® eliminates

fasteners and adhesives.
e drastically reduces installation costs.
Data Sheet #EMC-064

TECKNIT SHIELDED ENCLOSURES

EIA Rack Mounted

o Ready-to-install standard sizes

e Honeycomb vented e EMI/RFI
Gasketed e removable front, rear, top
and bottom panels.

Data Sheet #EMC-065

TECKNIT INTERMEDIATE BAR

EIA Rack Mounted

for EMI/RFI Shielding between Panels.
Data Sheet #EMC-062

TECKNIT EMC GLAS

EIA Rack Mounted

EMI/RFI Shielded viewing windows
available in clear, red, amber, green,
circular polarized plexiglass and
plate glass.

Data Sheet #EMC-063

TECKCELL PANELS

EIA Rack Mounted
Honeycomb vent panels
Data Sheet #EMC-061

Write or call today for complete technical details about these new EMI/RFI
components. Find out how they can fit into vour production plans.

TECHNICAL WIRE PRODUCTS, INC.

ECKNIT® 129 Dermody Street, Cranford, N. J. 07016

(201) 272-5500 — TWX (710) 740-7891

e A S S

See us at Booths 547 and 548 at WESCON, Hollywood Park
ON READER-SERVICE CARD CIRCLE 49
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Diamond spiraled
Metal Glaze element

Ceramic substrate
Plated-on copper end cap

High-temperature
soldered termination

Tin-lead
electroplated copper leads

New low-cost Metal Glaze resistors for MIL-R-22684

4 times better load-life stability

IRC’'s new molded Metal Glaze resistors provide stability,
reliability and precision unmatched anywhere for the price.

Tested for over 15 million unit hours, they meet or exceed CAPSULE SPECIFICATIONS
all MIL-R-22684 requirements. Load life stability, for in-
stance, is four times better than MIL allowance. Typical e R e R

AR is 0.5% after 1000 hours, full load at 70°C. Even at

higher temperatures, AR is still typically under MIL limits. ot S o s
, , WATTAGE: % W @70°C % W @70°C
The Metal Glaze resistance element is extremely rugged. RESISTANCE: 51 thru 150K 2 109 to 470K 2
It is 100 times thicker than conventional films and is imper- TOLERANCES.' 5 5 )
vious to environmental extremes. The tough, uniform 3 2%, 5% 2%, £5%
. 2 e TEMPERATURE
:u%f;gt?co?nyarcisi:’ls;: solvents and the mechanical abuse of COEFFICIENT: -+ 200ppm/°C max. +200ppm/°C max.
i ¥ ¢ VOLTAGE: 250V max. 350V max.
New IRC molded Metal Glaze resistors are immediately SIZE: 950" x 090" dia. 375" x .138" dia.
available in four forms of packaging to cut your production IRC TYPE: RGO7 RG20

costs. For complete data, prices and samples, write to:
IRC, Inc., 401 N. Broad St., Philadelphia, Pa. 19108.

®
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YUL RELAY

YUL Relay terminal lugs are
permanently bonded in the
Diall molded terminal board
to insure dependable opera-
tion in stress conditions. The
YUL Relay goes further to meet
all of your light duty, general
purpose applications.

Switch combination. AC or
DC operation. Open, or en-
closed in clear Lexan case.

f

&

FARTHER...

TYPE C RELAY

Comar goes further to design
a relay for applications where
sensitivity, small space, simpli-
fied mounting and economy is
essential.

SPDT coil power 3.4 V am-
peres. Coil voltage to 220 V
AC. Maximum contact rating
of 3amp at 115V AC resistive.

LATEST RELAY TECHNOLOGY

BUZZER

This high quality, smooth act-
ing buzzer economically meets
office equipment and other
applications requiring audio
recognition. Furnished for AC
application only. Maximum
coil 115 V AC.

FROM COMAR

PENCIL SOLENOID

The Pencil Solenoid is a unique
electro-mechanical device for
utilization in office machines,
computers, and photographic
equipment. Designed for push
or pull operation in limited
space applications.

2%"” long x %” O.D. Inter-
mittent or continuous duty op-
eration. Continuous duty op-
eration will move 120 grams
at #”, 50 grams at %", and
18 grams at %”.
request.

Curves on

COIMAR ELECTRIC COMPRANY

3349 Addison Street, Chicago, lllinois 60618

RELAYS o

SOLENOIDS o

COILS ¢ SWITCHES o

HERMETIC SEALING

U9%4
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Reliability is a halo
some companies wear better than others

IRC type XLT resistors have undergone
over a Y-billion unit hours of testing to
various stress levels without a single fail-
ure. Documented failure rate is less than
0.0003%/1000 hours, full load at 125°C.
ThisfarexceedsthetoughestMIL-R-55182
requirements.

Since 1959, IRC has supplied over 2 mil-
lion XLT resistors for critical circuit use
in Minuteman, Saturn, Surveyor, Agena,
Apollo, LEM, Mariner and many others.
Not a single failure.

We have earned our halo. For no one can
match IRC’s record of reliability—or its
experience in achieving it.

Most XLT resistance values are available

from stock. And, production lead time is
fully geared to your needs. Write for data
and prices. IRC, Inc., 401 N. Broad Street,
Philadelphia, Pa. 19108.

CAPSULE SPECIFICATIONS

——

STYLE RNR57C, E, G
ESTABLISHED F.R. <0.0003%/1000 hrs.

@ 60% conf.
WATTAGE % W@ 125°C
TOLERANCES +0.5% and +1.0%
RESISTANCE 102 to 200K
TEMPERATURE

COEFFICIENT +25, 50 and 100ppm/°C

CONSTRUCTION evaporated metal film,
hermetically sealed

®
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WESCON USA

Microelectronics at Wescon

Power ICs and computer design dominate sessions

Rene’ Colen
Microelectronics Editor

If the Wescon program is an indication, it won’t
be long before integrated circuits infiltrate the
hallowed ranks of discrete-component power sys-
tems. The belief that monolithic integrated ecir-
cuits are limited to only low-power applications
will soon be revised. Focus at the microelectronics
sessions will be on two series of papers. One de-
scribes a number of integrated power devices; the
other covers a power inverter system that uses
integrated circuits to accomplish drastic reduc-
tions in size and weight.

Circuit designers, with an eye on the practical,
and perhaps immediate, will find the series of
papers on Power and Control Integrated Circuits
(Session 20) quite interesting. System designers,
and those with an eye toward the future, will want
to attend the session on Large-scale Integration
(Session 10). Session 5, Interconnection Aspects
of Microcircuits, emphasizes the continued growth
of computer and automation techniques for micro-
electronic circuit design and manufacture.

Power ICs appear feasible

The encroachment of IC devices on power appli-
cations is described in three papers presented by
staff members from the Westinghouse Molecular
Electronics Division. The monolithic voltage
regulator (paper 20/1) is built on a silicon block
that is 140 by 120 mils (a rather large size) and
contains three transistors, a reference diode, and
one resistor. Two of the transistors, connected in a
Darlington configuration, serve as the series
control element; the other transistor, with the
reference diode in the emitter line and the resistor
in the collector line, acts as the feedback amplifier.

When it operates at a nominal input voltage of
18 V and an output voltage of 11.9 V, regulation
was found to be better than 0.29% for a +=20%
input voltage variation and over a 0.5- to 2.5-
ampere load current range. To achieve this per-
formance, however, the amplifier’s collector resis-
tor has to be returned to a constant current
source, rather than to just the unregulated input
voltage. Only two discrete components are re-
quired to complete the circuit: a variable resistor
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to pick off and adjust the feedback voltage, and a
capacitor, at the output of the feedback amplifier
(a terminal is available), to suppress any internal
oscillations due to the high gain in the feedback
loop.

A linear SCR trigger circuit is described by Mel
Hellstrom (paper 20/3). The circuit, shown in
Fig. 1, is quite complex and includes a gain
stage, a Darlington-connected differential ampli-
fier, a temperature-compensated constant-current
source, a complementary-transistor pulse detec-
tor, an internal power supply regulator, and the
SCR itself. The SCR charactieristics are, in part,
a 0.5 to 0.7 amperes steady-state current capability,
a breakdown voltage of more than 50 volts, a hold-
ing current of 1 to 2 milliamps, and a current-
pulse capability as high as 5 amp. The 50-by-60-mil
chip is shown in Fig. 2.

The third Westinghouse paper (paper 20/2)
describes a logic-SCR driver circuit. A three input
AND gate has its output connected to an SCR.
The circuit was developed to act as an interface
between standard logic circuits and power output
functions. The circuit operates at 3 volts, with the
SCR handling one ampere. The three transistors,
two npns and one pnp, are in a differential ampli-

o‘“‘{
Q2 Q2

hE .
\l 3 R23

Pl
m

0
m

1. Monolithic, linear, SCR trigger circuit has good tem-
perature stability and high sensitivity, all in small size.
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fier arrangement, with the complementary pair
feeding the SCR gate.

Digital IC arrays used in power inverters

In a series of three papers, all in Session 20,
staff members from Texas Instruments Inc. and
NASA-Huntsville describe the development of
static power inverters using integrated circuitry.
The system (paper 20/4) uses various complex
array counters to generate a series of properly
phased pulse signals. These signals feed the pow-
er amplifiers that switch currents in the primaries
of the three-phase output transformer. The output
signal consists of a summation of the square-wave
voltages, and appears as a sine wave made up of
small, discrete voltage steps. A 75 VA unit, now in
development, provides a 400-Hz, 3-¢, sine-wave
signal with an efficiency of 60%, and less that 5%
distortion. Final weight of the complete package
will be under 16 lbs.

Naturally, all of the digital circuitry is integrat-
ed (paper 20/6) and appears as four separate
packages. Each package contains a single silicon
chip. Three of the packages, - 256, - 12, and - 10
counters, use the same manufacturing masks,
except for the final, metal interconnection mask.
The fourth package, a 12-bit Johnson counter, uses
a much more complex circuit as the basic design
unit and thus a different set of masks. Each of the
counters is packaged in a modified version of TI’s
Industrial Series 16-pin package. The Johnson
counter, for example, is approximately 300 times
smaller than an interchangeable discrete-compo-
nent counter also built by TI.

But integration of this inverter system did not
stop with the low-power digital circuits. The power
amplifiers—there are six of them in the system—
are also integrated. Paper 20/5 describes the
circuit, its characteristics, and a major considera-
tion that had to be evaluated: second-breakdown
effects. The amplifier unit consists of two Darling-
ton-connected stages with a single diode across the
emitter-collector of the output units. It is not,
however, a monolithic circuit; placed in a special
stud package, the power amplifier is actually made
up of two discrete chips, each having two transis-
tors and a diode diffused on to it.

LSI still with us, only more so

Large-scale integration remains high on the
interest list with an entire session devoted to this
topic. The first paper (10/1), presented by Merlin
Smith of the IBM Watson Research Center,
provides an over-all view of present and future
problems in this still-new field. Starting out with
the definition of large-scale as meaning more than
50 circuits per chip, he delves into the many
advantages and disadvantages of LSI.

ELECTRONIC DESIGN, August 16, 1966
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2. Monolithic chip is only 50- by 60-mils, and contains
all the circuitry shown in Fig. 1 to form SCR trigger cir-
cuit.

One of the biggest problems is that of the “im-
pact of change,” which should be reduced in order
to reduce cost. Essentially, this means providing an
extremely fast turn-around time. To this end, IBM
has been working on design automation tech-
niques which are described in paper 10/2. Called
the Programed Interconnect Process, it is essen-
tially a discretionary wiring procedure. A
processed wafer, holding an array of some basic
logic element and possessing no interconnections
between elements, is electrically tested. The re-
sults are stored in a computer and a computer
routine then designs an interconnection pattern
that uses only the good circuits. The output of the
computer, the interconnection pattern, is then fed
to an automatic exposure apparatus which pro-
duces the desired pattern directly on the wafer.

On a research basis, arrays with as many as 80
circuits have been made. The array described in
this paper has 4-input NOR gates as the basic
logic block, with field-effect transistors as the
basic circuit element. The channel spaces that sep-
arate each logic block are used for the interconnect-
ing runs. Where cross-overs occur, previously
diffused-in connecting lines, located at each chan-
nel junction and also between circuits, are used.

The automatic exposure apparatus consists of a
fixed, intense light source that focuses a 2-mil
light spot on the wafer. The wafer is then digitally
stepped in the x and y directions according to the
computer’s instructions and forms the intercon-
nect pattern on the wafer’s sensitized surface.

This system is slightly different from the one
described by Lathrop of Texas Instruments Inc.
in paper 10/3. TI’s Multilevel Interconnect
Generator (MIG), uses a high-resolution cathode-
ray tube with a fiber-optic face-plate and contact-
prints the interconnect directly on the wafer. = =
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the FP Resistor: new, blue, and flameproof!

Low-power resistors that won’t burn under extreme
overloads will soon be available in 2, 3, 4, 5, 7
and 10 watt ratings. The same sizes and
stability as in the famous CORNING®
LPI Resistors. Available only from

CORNING

ELECTRONICS
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This multiple pair, Beldfoil shielded
cable is typical of the types of Belden
cable used in recording critical mea-
surements on the Goldstone tracking
antenna.

The unique insulating properties of Belden's ex-

%
”ﬂ.\y’,’, 4 clusive Beldfoil shielding provides 100% protection
,,;,7"\"""1',': against ‘‘cross-talk'' and spurious signal impulses
{1 # in highly sensitive circuit applications. That's

why NASA used Beldfoil cable for its Goldstone
Tracking Station. = In this massive 210 foot
diameter antenna, built to track lunar and
planetary probes, Belden Beldfoil shielded
cables carry instrumentation signals from
sensitive structural detectors to an
instrumentation facility nearby.
Every measurement of critical
structure deflection, angular
position, structure tempera-
tures, and bearing pressures
are recorded and analyzed
~ prior to tracking operations.
® Get the same precision
analyzation in your critical
instrumentation. Specify
I —— Belden Beldfoil shielded cable
—the only cable providing 100%
isolation.

*Belden Trademark Reg. U.S. Pat. Off.

FOR COMPLETE INFORMATION

| II""lu, CONTACT YOUR BELDEN

il i 2 DISTRIBUTOR.
,,}|\\'\‘{‘{‘:‘§'\\\\\\\\\\\\_\\\\\§\\\\_fﬁlm ;l_ See Us In Booths 509-510

TR A T [ ] e e e

= W | g (LI

= |

YOl 'y ”‘1."1;,._7 e y

T 4_",!_}" __n‘iv‘n- /—J:_‘_—___’
— e N il 8-1-6
BELDEN MANUFACTURING COMPANY ¢ P.O. Box BO70A e Chicago, lllinols 60680
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Heat
Dissipation
Bonus
of
Beryllia
Worth
An
Extra
Two Cents?

Coors Beryllium Oxide Ceramic offers 'd
you the bonus of 10 times the thermal CO%S/L e/r
conductivity of aluminum oxide ceramic

—approximately the heat transfer quali- COO’}”S meta/ll?;zed

ties of aluminum metal. Ordinarily, beryl- <

lia is thought to be too expensive, except

for designs where maximum heat dissipa- Ce/'ﬂa’m/llcs
tion is an essential. However, we find the additional cost of using beryllia in small
metallized assemblies adds only a few cents to the total cost of the completed part.
For an “extra two-cents worth” Coors offers a beryllia-to-metal assembly that
allows you to use more power . ..or allows you even further miniaturization than
with alumina.. .. or gives you longer component life—or a combination of all three.
When you design micro-substrate assemblies—Consider Coors Metallized Ceramics
—and get the bonus of beryllia’s thermal conductivity. Write for Coors Metallizing
Data Sheet 9502, or call the Coors “hot line”’— 303/279-4533, Ext. 351.

CERAMICS

ALUMINAS ¢ BERYLLIAS « MAGNESIAS ¢ SPECIAL OXIDES
Coors Porcelain Co., Golden, Colo.

© METALLIZED BERYLLA

MICRO-COMPONENT

~ DISSIPATES THE SAME
 QUANTITIES OF HEAT

AS THIS COORS

© METALLIZED ALUMINA

MICRO-COMPONENT




WESCON USA

Touring the exhibit areas

New products at this year’'s show are con-
veniently arranged into exhibition categories.
Products within each area are pinpointed by
booth number. Desk-bound or Wescon-bound,
you can browse at the booths quickly. Shuttle
service between Hollywood Park (HP) and the
Sports Arena (SA) is right at your fingertips.

- - SN G
FET scope probe measures response of high-frequency
(30 MHz) amplifiers with no loss of circuit’'s gain.

U102

Measurement & instruments . .. ... P U104
Production & packaging . .. ... .. .. P Ul1l6
Circuit components .. . .7l cris s P U124
Audio, TV & automatic control . . . . .. P U156
Air & space control systems . ... ... P U158
A OBBSSIG o 5t P U160
Communication & detection . . ... .. PUl66

Programable curve tracer operates in pulse mode.

/
&

Find burn-outs or hot-spots of up to 100°F. Easy-to-use
decals are accurate (+19%) temperature indicators.
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Self-erecting antennas pop-up from
coils to heights of up to 100 feet.
The rigid tubes exhibit good gain
characteristics, and, in some cases,
outdo monopole units of equivalent
height. Since remote length control
is easily accomplished, the tubes
can quickly be tuned to specific
frequencies.

A FET operating at uhf? For
mixers and amplifiers, this
silicon planar field-effect is
reportedly operable up to
800 MHz.
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'MEASUREMENT & INSTRUMENTS

Sampling plug-ins add real-time features,
thrust scopes into X-band and beyond

Sampling scope sports delayed sweep, automatic trigger

-

1. Scope sweep is triggered on single
pulse (a) for jitter-free display (c).
Choosing faster sweep allows display
of actual jitter (b).

U104

With operation and performance
nearly parallel to that of real-time
scopes, this 1-GHz sampling system
boasts delayed sweep and automatic
triggering capabilities previously
unknown to sampling scopes. Totally
compatible with Hewlett-Packard’s
140A and 141A (variable persist-
ence/storage) scope main frames,
the samplers should prove ideal for
fast waveform studies.

Delayed sweep capabilities are of
greatest value in pulse train studies
(see Fig. 1). The observer moves a
bright dot along a pulse train, and
the touch of a switch expands the
pulse selected. The scope sweep can
be triggered on the chosen single
pulse after the delay period for a
display free of input rate jitter
(1le). Or, the faster sweep may be
chosen immediately at the end of
the delay interval to actually show
the extent of the jitter present (1b).

The vertical amplifiers have built-
in delay lines to initiate automatic
triggering on a variety of signals
to 1 GHz from either of the two
inputs. Thus, the leading edge of
any waveform is completely dis-
played. A small portion of the input
is fed to the horizontal plug-in
(sweep generator) to start the
sweep. The major portion of the sig-

nal passes through the delay line
to the sampler and is displayed.
Thus, the input signal serves not
only to drive the sampler, but the
trigger pick-off circuit as well.
Sensitivity at 1 GHz is 1 mV/em.

High-Z probes containing the
samplers take scope measurements
directly to the circuit of interest.
50-Q terminated operation results
by plugging either probe (or both)
back into the amplifier’s chassis.

Plug-ins have been designated
model 1410A (vertical amplifier)
and 1425A (delayed sweep genera-
tor). Automatic triggering in the
delayed sweep generator provides a
base line in the absence of signal
and locks in at the signal’s start for
quick trace set-up. For high time-
resolution, calibrated sweeps to 10
ps/em may be selected. A front
panel pushbutton returns the sweep
to X1 magnification for a “quick
look” at the source and identity of
the expanded trace. Single scans are
possible if storage of drifting,
changing or multiple traces are de-
sired.

P&A: $1600; 8 to 12 wks. (1410A
and 1425A).

«+«....toX-band and beyond

An external sampler chassis, a
two-channel vertical amplifier plug-
in and the sweep time-base just de-
scribed take the same main frames
up to X-band for direct cw observa-
tion. Sampling heads are attached
to the amplifier with an umbilical
cord to permit measurements to
be made at the signal source. Pulse
carriers can be viewed directly with-
out waveshape degradation (crystal
detectors are eliminated). Time do-
main reflectometry is extended: The
manufacturer’s 20-ps rise time pulse
generator and the 28-ps scope re-
sponse time gives a combined TDR
system rise time of less than 40-ps.
Discontinuties spaced millimeters
apart can be resolved.

Basic sampler design is shown in
Fig. 2. The trigger from the hori-
zontal sweep generator causes the
sampling pulse generator to turn
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Write for free water-soaked

ITT SEMICONDUCTORS

i 3301 Electronics Way
samples from ITT- West Palm Beach, Florida
e . 3 Please send me a pair of water-soaked
Choose the PRV rating that fits your appli- 1-amp silicon epoxy rectifiers with the
cation best and write for samples. We'll PRV rating | have indicated.
ship them immersed. You'll find that ITT 0 100 v 0 200 v 0 300 v

epoxy rectifiers exceed the humidity re- 0 so0 v 0 600 v 0 8o v
quirements of MIL-STD-750. While you're
at it, check for cool operation, low thermal
impedance and extreme stability. All are
made possible by ITT's patented* “double
nail-head" design. Send for your free bottle
of ITT rectifiers today!  *Patent No. 3081374

SEMICONDUCTORS

ITT SEMICONDUCTORS IS A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, 3301 ELECTRONICS WAY, WEST PALM BEACH, FLORIDA.
FACTORIES IN WEST PALM BEACH. FLORIDA. PALO ALTO. CALIFORNIA. LAWRENCE. MASSACHUSETTS. HARLOW AND FOOTSCRAY, ENGLAND. FREIBURG AND NURENBERG. GERMANY
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MEASUREMENT & INSTRUMENTS

continued

the sampling gate on and opens the
stretcher gate. Voltage on the sam-
pling capacitor is then amplified and
stored in the stretcher for display.
Stretcher output is fed to the capac-
itor via the feedback attenuator so
that the voltage across the capacitor
equals the input voltage at the time
of the last sample. Thus, only input
voltage differences are sampled and
the gain of the vertical amplifiers
is a function of the feedback attenu-
ator, not the forward gain.

Sampler design is aimed at mak-
ing optimal use of the high-speed
switching diodes. The two-diode
feedthrough sampler has no internal
termination. Input and output are
7-mm airlines. The input line passes
through a modified 50-ps biconical
cavity. Impedance of the dielectric
filled cavity is maintained at 50 Q.
Within the cavity, a fast rise pulse
from a step-recovery diode turns
the sampler on. This switch-on
arises from a controlled reflection of
the switch-off pulse against the
short-circuited end of the cavity.
The reflected wave, in cancelling the
forward wave, determines the length
of time that the sampling diodes
are conducting. Diode capacity re-
maining, which has not been masked
out by the dielectric, is utilized in a
low-vswr filter section.

There are three samplers. Model
1430A is optimized for flat pulse
response with 28-ps risetime. Model
1431A, optimized for flat frequency
response from de to 12.4 GHz and
low vswr. Model 1432A is a 4-GHz,
90-ps risetime unit. The 1425A time
base has been described previously.
A less costly unit without a delay
generator (model 1424A) triggers
beyond 5 GHz.

A single vertical amplifier, model
1411A, functions with any of the
samplers. The 2-channel amplifier
has recorder outputs and an A vs B

HORIZONTAL |

2. Time constant of the sampling gate
conductance, source impedance and
sampling conductance exeeds sampl-
ing time. Thus, voltage across the ca-
pacitor after the sample is taken is a
fraction of the input voltage. Attenua-
tor maintains sampling efficiency as
sensitivity is changed.

mode for X-Y scope presentations.
A rise time control allows for opti-
mal overshoot, noise and rise time
trade-offs.

For TDR applications, the 1105A
20-ps pulse generator has a flat
pulse output. Accessories include
the 1106A tunnel diode mount which
may be triggered to produce a 20-
ps pulse. The 1105A triggers the
mount through a length of coax to
generate the pulse as near to the
circuit as desired.

An 18-GHz countdown supply
(1104A) functions with the mount
to produce a 100-mV, 100-MHz
counted down signal for synchro-
nized triggering of the sampling
base from 1 to 18 GHz.

Amphenol GPC-7 connectors,
specified to 18 GHz, are used
throughout.

P&A: $3000 (1430A and 1431A),
$1000 (1432A); 8 to 12 wks., $700

(1411A); 8 to 12 wks., $1200
(1424A); 5 to 6 months, $200
(1104A); 12 to 14 wks., $200
(1105A); 2 to 4 wks, $550
(1106A); 2 to 4 wks. Hewlett-

Packard, 1501 Page Mill Rd., Palo
Alto, Calif. Phone: (415) 326-7000.
Booth 305 (HP) Circle No. 260

Programable oscillator

Designed for automatic frequen-
cy selection and optional automatic
amplitude selection, this programa-
ble signal standard covers 0.1 Hz to
99.99 kHz. Required programing
time is 5 ms min. Harmonic distor-
tion is 0.01%, frequency response is
+0.01 dB, amplitude calibration is
+0.25% and amplitude stability is

U106

#+0.01% /hr. The relay-operated os-
cillator meets signal standard re-
quirements in terms of frequency
response, sine wave purity and sta-
bility of a calibrated output ampli-
tude.

P&A: $1335 to $2325; October.

Krohn-Hite Corp.,, 580 Massa-
chusetts Ave., Cambridge, Mass.
Phone: (617) 491-3211.

Booth 151 (HP) Circle No. 511

Deviation thermometer

This direct reading thermometer
measures deviation from fixed tem-
peratures in crystal holders to a res-
olution of 0.01°C. It has two rang-
es: a 100°C band selected from a
span of —100°C to 500°C, and an
expanded scale range of 1-0-1°C.
The 100°C scale *=0.5°C accuracy
and the 1-0-1°C scale has +0.1°C
accuracy. The unit also has a 0 fo
43-W recorder output. The probe
contains a miniature platinum re-
sistance element.

P&A: $600; December. Radio
Frequency Labs., Boonton, N. J.
Phone: (201) 334-3100.

Booth 255 (HP) Circle No. 308

Aé VOVItmete"rm

With a linear dB scale on each
range, this ac voltmeter has a 100-
uV full-scale range, and 10-MQ in-
put impedance. Full-scale range is
1000 V max. A built-in amplifier
produces 1 V rms ac for full-scale
deflection. On the 100-,V range, the
amplifier has 80-dB gain with 5-
pV max noise. Frequency ran~e is
20 Hz to 4 MHz. Accuracy in 100-
Hz to 1-MHz range is 0.2 dB.

P&A: $290; 4 to 6 wks. Hewlett
Packard, 1501 Page Mill Rd., Palo
Alto, Calif. Phone: (415) 326-7000.
Booth 305 (HP) Circle No. 313
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Our DTL offers one
feature we didn’t license

iTT
MC 9350

on-time delivery

ITT is licensed to build all DTL integrated circuits from Type Number Circuit Function
the 930 series. Quantity production is a reality in ITT = =
Semiconductors’ facility in West Palm Beach, Florida. MIC930 Dual 4'mpl‘|t Gate with

Doubtful ? Ask your ITT Semiconductor distributor, ExPa':‘der
who has plenty of DTL circuits in stock. Ask your MIC932 Dual 4-input Buffer
ITT Semiconductor factory salesman, who can arrange MIC933 Dual 4-input Expander
two-week ARO shipment of your quantity orders. MIC944 Dual 4-input Power Gate

‘ It's easy to recognize the DTL circuits that come MIC945 R-S or J-K FIip-FIop
from ITT in West Palm Beach. They're the ones you MIC946 Quad 2-input Gate
don’t have to wait for. ]

ITT Semiconductors is a division of International MIC948 R-S or J-K Fll_p'FIOP
Telephone and Telegraph Corporation, 3301 Electronics MIC949 Fast Quad 2-input Gate
Way, West Palm Beach, Florida, MIC950 Pulse-triggered Binary

SEMICONDUCTORS

FACTORIES IN WEST PALM BEACH FLORIDA PALO ALTO. CALIFORNIA. LAWRENCE. MASSACHUSETTS. HARLOW AND FOOTSCRAY ENGLAND. FREIBURG AND NURENBERG GERMANY
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MEASUREMENT & INSTRUMENTS

Phase and time detectr

Measuring phase angle and time
delay from 1 to 8.2 GHz, this detec-
tor has accuracy better than 0.1° or
1% over the 0 to 360° range. Reada-
bility is better than 0.05 ps and res-
olution is infinite. As a null indica-
tor, minimum input signal require-
ment is 0.1 V rms. The ratio of the
two input signals can be varied
from 1:1 to 10:1. Error due to har-
monics and noise is zero for even
harmonics and inversely propor-
tional to the order of odd harmon-
ics.

P&A : $2386; stock. Ad-Yu Elec-
tronics Inc., Passaic, N. J. Phone:
(201) 472-5622.

Booth 219 (HP) Circle No. 309

Thermopile deteéiars

Wirewound thermopile detectors
have a signal speed ranging from
0.05 to 0.8 s. Sensitivity is typically
0.1 mV/mW and impedance is typi-
cally 200 Q. The thermopile is line-
ar up to intensities of 300 mW /em?2.

Eppley Laboratory Inec., 12
Sheffield, Newport R. I. Phone:
(401) 847-1020.
Booth 424 (HP) Circle No. 305

U108

Slotted-line system

Slotted-line vswr measurements
from 2 to 18 GHz are implemented
with this swept slotted-line system.
It consists of a slotted line and a
swept slotted-line adapter with two
matched, untuned detectors and a
simulated section of slotted line.
One sampling detector levels the as-
sociated microwave sweep oscillator
and the other is used on the slotted-
line carriage for readout.

Hewlett Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000.

Booth 305 (HP) Circle No. 352

FM signal generator

Covering the FM band from 86 to
108 MHz, this generator has fre-
quency deviation response within 1
dB from dec to 75 kHz and less than
3 dB down at 200 kHz. The output
system is a mutual inductance at-
tenuator with 50-Q source imped-
ance providing low vswr. Output
voltage is metered and continuously
variable from 0.1 to 100,000 pV
(—128, —8 dBm) across 50 Q.

Price: $585. McGraw-Edison,
Measurements Div., Boonton, N. J.
Phone: (201) 334-2131.

Booth 322 (HP) , Circle No. 292

Stan‘da'rdAs' calibrator

Type 9000 is a self-contained sys-
tem of measuring and calibrating
standards. A 2- or 4-terminal resist-
ance measuring system is incorpo-
rated with a range of 1.1 MQ max
and resolution of 1 pQ max. Temper-
ate measurements have an accuracy
and resolution of #=0.001°C. A 111-
V direct-reading dc pot provides ad-
ditional ranges of 11, 1, 0.1 and 0.0
V at =5 ppm accuracy. A 10-decade
4-terminal variable resistor is tem-
perature/controlled to +=0.1°C.

P&A: $9700; 6 to 8 wks. Hall-
mark Standards Inc., 145 Library
Lane, Mamaroneck, N. Y. Phone:
(914) 698-8460.

Booth 446 (HP) Circle No. 386

Spectrum display

In conjunction with a frequency-
selective voltmeter this unit dis-
plays signals in a selected frequency
band on a CRT. Frequency accuracy
is =1 kHz for 120-kHz sweep
width. Frequency coverage and to-
tal dynamic range equal that of the
voltmeter. Sweep width is 120 or 12
kHz. Stability for 120-kHz sweep
width is *=2500 Hz. Flatness and
level stability at 0 dB are #=0.5 dB.

Philco Corp., Sierra Electronic
Div., 3885 Bohannon, Menlo Park,
Calif. Phone: (415) 322-3885.
Booth 453 (HP) Circle No. 535
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every ITT 2N3375 gives you 66%
more P,. than EIA specs demand

28V CLASS B POWER OUTPUT VS FREQUENCY

When you apply ITT 2N3375s, you get 5 watts minimum
saturated power output at 400 MHz and Vcc=28 V,
tested 100%.

The secret lies in ITT's unusually close control of resis-
tivity, combined with interdigitated construction.

To find out more about the superior performance of the
ITT 2N3375, write today for your free copy of “VHF/UHF
Power Transistor Amplifier Design” and complete 2N3375
specs. Or see for yourself — order sample quantities off-
the-shelf from your ITT distributor or factory representative.
ITT Semiconductors is a division of International Telephone
and Telegraph Corporation, 3301 Electronics Way, West
Palm Beach, Florida.

SEMICONDUCTORS

FACTORIES IN WEST PALM BEACH. FLORIDA: PALO ALTO. CALIFORNIA. LAWRENCE, MASSACHUSETTS: HARLOW AND FOOTSCRAY, ENGLAND. FREIBURG AND NURENBERG. GERMANY
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MEASUREMENT & INSTRUMENTS

e

3-GHz signal generator

Coverage of telemetry and com-
munication bands from 1 to 3000
MHz is achieved by this AM-FM-
pm signal generator. Model 440
uses a crystal-controlled time base
generator and has an accuracy to
#+0.0003% and stability of
+0.0006% /hr. RF output is 0.1 uV
to 1.0 V. Accuracy is =1 dB and
modulation distortion is 2% max.
Peak deviation is constant for a 0.8-
to 6-V input.

P&A: $12,000; 90 days. Microdot
Inc.,, 220 Pasadena Ave. South
Pasadena, Calif. Phone: (213) 799-
9171.

Booth 213 (HP)

SR

Circle No. 264

i

Vibration monitor

Control of sinusoidal vibration
tests. from up to six acceleration in-
puts or from the phase-insensitive
average of input magnitudes is pro-
vided by this unit. Control in trans-
fer mode maintains acceleration at
each input at a preset 0.1 to 100 G.
Average mode operation provides
control from the weighted average
of input magnitudes. An optional
arrangement allows each channel to
operate in either mode.

Unbholtz-Dickie Corp., 2994 Whit-
ney Ave., Hamden, Conn. Phone:
(203) 288-3358.
Booth 190 (HP) Circle No. 382

U110

18-GHz sweep analyzer

Swept frequency over the 20-
MHz to 18-GHz range is provided
by this phase, amplitude and imped-
ance analyzer. A test signal varying
in power over a 60-dB range can be
measured. The unit can be used on
both ew and pulsed signals. For im-
pedance plotting, the resolution is
1% allowing a 1.02-vswr measure-
ment or a 40-dB return loss. For
measurement of insertion loss, ac-
curacy is 0.5 +0.1 dB for each 10
dB up to 50 dB.

P&A : $4200 (analyzer), $3750 to
$8900 (resolver); 8 wks. Wiltron
Co., 930 East Meadow Dr., Palo
Alto, Calif. Phone: (415) 321-7428.
Booth 241 (HP) Circle No. 504

Selective voltmeter

Signals from 10 kHz to 32.1 MHz
are measured by this frequency-se-
lective voltmeter. Signal compo-
nents of 1 pV min in bandwidths of
250 or 3100 Hz can be measured.
The main tuning dial is phase-
locked in 100-kHz steps or continu-
ously tuned from 0 to 32:1 MHz.
The incremental dial covers —10 to
100 kHz with scale markers every
500 Hz. Measurement accuracy is
+0.2 dB at 1 MHz.

Philco, Sierra Electronic Div.,
3885 Bohannon, Menlo Park, Calif.
Phone: (415) 322-7222.

Booth 453 (HP) Circle No. 505

e .
oR o INSTRUTERNTE
EMPe IEND —

i

Temperature controllers

A line of digital set point temper-
ature controllers, including time
proportioning and SCR proportion-
ing models, is offered. Temperature
is set with a knob which drives a 3-
digit indicator. Temperature is
maintained automatically, with any
momentary deviation indicated by a
null meter. The controller reacts to
1-uV signal changes. Deviations are
shown in °F, °C or pV. Full-scale
standard temperature ranges are
500, 1000 and 2000°F, and 500 and
1000°C. - Full-scale millivolt ranges
are 10, 20,.30, 40 and 50 mV. SCR
models include integral power pack-
ages with capacities to 9.2 kW.

P&A: from $200; 6 to 8 wks.
API Instruments Co., Chesterland,
Ohio. Phone: (216) 423-3131.
Booth 337 (HP) Circle No. 520

Vector voltmeter

For in-phase, quadrature and
true rms voltage measurements,
this vector voltmeter’s noise and
harmonic rejection are 40 dB down.
The circuitry permits operation
from 15 Hz to 30 kHz without fil-
ters. Voltage accuracy is =29
from 1 mV to 300 V with phase an-
gle accuracy of =1. Input imped-
ance is 10 MQ shunted by 25 pF.

Price: $1100. Luscombe Engi-
neering Co., 610 S. Arroyo Pkwy.,
Pasadena, Calif. Phone: (213) 684-
2000.

Booth 436 (HP) Circle No. 523
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MOS:-MOS-MOS-MOS:-MOS:MOS:-MOS:-MOS-MOS-MOS - MOS:-MOS-MOS:-MOS:- MOS:-MOS

ofi-the-shelidelivery!
GENERAL INSTRUMENT'S
MEM 3050 MOS MONOLITHIC
DYNAMIC DUAL 25-BIT

SHIFT REGISTER

B O POWER DISSIPATION - TYPICALLY 10 TO 20 mW TOTAL

B OPERATING FREQUENCY - 10 kHz TO 500 kHz
B HIGH NOISE IMMUNITY-TYPICALLY 3V
B OPERATING TEMPERATURE - 55" C to 85" C

B AVAILABLE IN LOW PROFILE 10 LEAD

ﬁ T0-74 OR 14 LEAD FLATPAK
\W\\\\mt:\ B $55.80 EACH IN QUANTITIES OF 100 UP
g

- NOW AVAILABLE FROM YOUR AUTHORIZED

GENERAL INSTRUMENT DISTRIBUTOR

Write for free Data-Pak on the MEM 3050 and the complete line of GENERAL INSTRUMENT Monolithic MOS devices

GENERAL INSTRUMENT
FOREMOST /CORPORATION wooon s e n v

n SEWICONOUCTORS
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MEASUREMENT & INSTRUMENTS

pe(&i‘énce brldg@e\"

Measurements of C, R, L, D (dis-
sipation factor of capacitors) and Q
may be made by this impedance
bridge. C, R and L readout is digit-
al and units of measurement are
automatically shown. Model 4260A
is balanced with a voltage-tuned re-
sistor by phase-controlling the bal-
ance leg so it is null. The resistor
is controlled by a phase detector.

P&A: $550; stock. Hewlett Pack-
ard, 1501 Page Mill Rd., Palo Alto,
Calif. Phone: (415) 326-7000.
Booth 305 (HP) Circle No. 530

Frequency changer.

Sixty-Hz three-phase power is
converted to 400-Hz by this fre-

quency changer. The solid-state
unit utilizes a vector sum approach
in the inverter design. Output is 5
kV A, 120/208 V with frequency sta-
bility to 0.001% over a range of 0
to 45°C. This unit measures 17-1/2
x 19 x 17 in.

Microdot Magnetics Inc., 5960
Boweroft St., Los Angeles. Phone:
(213) 870-7491.
Booth 213 (HP) Circle No. 536

U112

Ac-to-dc converter

Featuring 0 to 5 Vde floating out-
put with +=0.025% terminal linear-
ity, this frequency-to-dc converter
provides meter indication of input
frequency and a pulse output. The
converter has a low impedance dc
output with 20-mA max loading,
proportional to the frequency or
pulse rate of the input. Input fre-
quency range of 5 to 51,200 Hz is
provided by 10-position range selec-
tor switech and over-lapping adjust-
ment pot.

P&A: $395; 4 wks. Anadex In-
struments Inc., 7833 Haskell Ave.,
Van Nuys, Calif. Phone: (213) 782-
95217.

Booth 208 (HP) Circle No. 314

Sweep log analyzer

A sweep log analyzer system is
designed for imsertion gain or loss,
return loss (vswr) or gain, absolute
power or reflection coefficient meas-
urements. The 60-dB dynamic range
allows using internal analog elec-
tronics to compensate for crystal
performance above the square-law
region. A built-in RF signal genera-
tor provides calibration for power
level measurements to an accuracy
of 0.3 dB at +20 dBm and 0.6
dB at —40 dBm.

Price: $1250. Alfred Electronics,
3176 Porter Dr., Palo Alto, Calif.
Phone: (415) 326-6496.

Booth 352 (HP) Circle No. 273

blfferential null detectoi'

An ac, line-operated isolated null
detector provides 20-nV measure-
ment sensitivity. Said to have true
differential input, model 3990 null
detector performs over 7 ranges
from +=0.1 V to 100 mV. The sym-
metrical input feature offers the
signa: reversal (bipolar) capability
of a conventional galvanometer.
The high Z,, gives the unit capa-
bility to operate with resistance
sources to 6 kQ.

Honeywell Inc., Test Instruments
Div., 4800 E. Dry Creek Rd., Den-
ver, Colo. Phone: (303) 771-4700.
Booth 1229 (SA) Cirele No. 540

Vswr/attenuation metek

Vswr and attentuation are meas-
ured by this solid-state direct read-
ing amplifier. The high-gain unit
incorporates a power supply with
an indicator calibrated for signal
inputs from crystal or bolometer
square-wave detectors. Input of the
crystal is 100 and 500 Q unbiased, 1
V into 1 kQ biased. Input of the bo-
lometer is 200 Q. Noise level is 7.5
dB below full scale. Attenuation
range is 70 dB in 10-dB and 2-dB
steps. Accuracy is 0.05 dB max cu-
mulative error between 2-dB steps.

PRD Electronics, Inc., 1200 Pros-
pect Ave., Westbury, N. Y. Phone:
(516) 334-7810.
Booth 459 (HP) Circle No. 510
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Lambda | e s oo Package E 413" x 7" x11%"
adds new e
Wi MP-5 %"»
WIDE VOLTAGE
ADJ. VOLT. TMAX AMust ADJ. VOLT. |_MAX. AMPS!
Model RANGE VDC | 40'C | 50°C | 60C | 71 C | Price Model RANGE vDC [40°C| 50°C | 60°C] 71°C | Price
LM 251 07 035 | 031 | 029 | 027 | $ 69 LME-0-7 0—7 120 | 105 85 6.8 $249
LM 201 07 085 | 075 | 070 | 055 79 LME-0-14 0-—14 74 64 52 a1 249
LM 202 07 17 15 14 11 89 LME-0-32 0-32 37 3.2 26 2.1 249
LM 252 07 20 18 14 11 99 LME-0-60 0-60 2.1 17 14 1.1 249
LM 257 0.14 027 | 024 | 023 | 022 69
PROG L LM 203 014 045 | 040 | 038 | 028 79
LM 204 0.14 090 | 0580 | 075 | 055 89
LM 258 014 12 " 1.0 0.80 99 Package F 3% x 19" x 16%"
- LM 259 024 018 | 016 | 015 | 0.14 69
LM 260 024 035 | 030 | 025 | 0.20 79
power supplies & oo
LM 262 024 080 | 075 | 070 | 0.60 99
LM 263 032 014 | 012 | 011 | 010 69
ogeo LM 205 032 025 | 023 | 020 | 015 79
to all-silicon > o o corereers
LM 264 032 066 | 060 | 050 | 032 99 For metered models, add suffix (M) to model number and $30.00 to the price below.
LM 265 0.60 008 | 007 | 007 | 006 79
= LM 207 0.60 013 | 012 | 011 | 008 89 ADJ. VOLT. T MAX. AMPST
s r LM 208 0.60 025 | 023 | 021 | 016 99 Model | RANGE vDC [#0°C] 50°C [ 60°C] 7I°€ | Price
es LM 266 0-60 035 | 031 | 028 | 025 109 LMF-0-7 0-—7 250 | 210 | 17.0 | 140 | 3425 |
Package B 3% x 41%¢" x 6%" Package G 5% x 19" x 16%"
Up to 60 volts.
Up to 35 amps. gmm—
7 power packages —— .
L] i i3
Prices Stal‘ting Accessory Metered Panels: $40.00 For metered models, add suffix (M) to model number and $30.00 to the price below
ADJ. VOLT. | MAX. AMPS! ADJ. VOLT. | MAX. AMPS!
at $6900°. Model RANGE VDC [40C | 50C | 60C | 71 C | Price Model RANGE vDC [40°C| 50°C| 60C| 71°C | Price
LMB-0-7 0-7 28 26 23 1.5 $109 LMG-0-7 0-7 350 | 29.0 | 240 | 200 $575
7 LMB-0-14 0-14 16 15 13 1.2 109
IR L::’::; — gfg - g:g o :: | Current rating is from zero to I max. Current rat-
"" 7 “‘“ - s = - S ing applies over entire output voltage range. Current
tu-zu e = s - 5 e rating applies for input voltage 105-132 VAC 55-65
& J cps. * For operation at 45-55 cps derate current
EM2L dE =t 2] L 80 e rating 10%. ¢ For operation at 360-440 cps consult
LM-220 3060 070| 065] 060 | 045 129 g hy P P

factory for ratings and specifications. e 2Prices
F.O.B. Factory, Melville, N. Y. All specifications and
prices subject to change without notice.

SONRARY Sy = S Features and Data veet mil. En-
vironment Specs. RFI—MIL-I-16910: Vibra-
tion: MIL-T-4807A: Shock: MIL-E-4970A -
Proc. 1 & 2: Humidity: MIL-STD-810 * Meth.
: : 507: | Temp. Shock: MIL-E-5272C + (ASG)
Accessory Matared Panels: $40.00 Proc. 1: Altitude: MIL-E-4970A - (ASG) Proc.
= 1: Marking: MIL-STD-130: Quality: MIL-Q-

ADJ. VOLT. I MAX. AMPS'

Model RANGE VDC |40 C 50 C 60 C 71 C Price 9858'
LM-225 0-7 4.0 36 3.0 24 $139 . . .
UNco S it 2l e alEETaR = Convection cooled—no heat sinking orforced
LMC-0-32 0-32 LE 1.0 0.90 0.80 139 air required
LMC-0-60 060 0.60 0.55 0.50 045 139
beas BTSRRI e DR [EY iR Dol Wide input voltage and frequency range —
T™M-228 2232 20 18 15 12 139 105-132 VAC, (200'250 VAC, optlonal at no
LM-229 3060 11 1.0 0.80 | 0.60 149 extra charge) 45-440 cps

Regulation (line) 0.05% plus 4MV (load)
0.03% plus 3MV: Ripple and Noise—1 MV
rms, 3MV p to p

, Temp. Coef.—0.03%/°C
W RACK ADAPTERS

wes B2 | LRA-3—5%" height by
Accessory Metered Panels: $40.00 271" depth Price $3500

Package D 41%" x7%" x9%"

ADJ. VOLT. | MAX. AMPS' LRA-4—3'%" height by 14”
Model RANGE VDC [40C | 50C | 60C | 71 C | Price C
e 07 83 i 73.|.0657 | 550 [0 5199 d?pth.‘ (For use with chas-
TMD-0.14 (S Y ) ) [T 199 sis slides) Price $55.00
LMD-0.32 =2 2% [ eavleag =03 180

LMD-0-60 0-60 13 1 095 | 075 239 LRA-6—5"4" height by 14
LM:235 85-14 177 [ 68 ] 60 [ 48 | 19 | depth. (For use with chas- LRA-5— 3'2” height by

Lz s el e L e 1 3e L o sisslides) Price $60.00  2%¢” depth. Price $35.00

LM-238 3060 2.6 23 2.0 1.6 239

SEND FOR NEW CATALOG ON FIXED VOLTAGE
AND WIDE RANGE MODULAR POWER SUPPLIES

LAMBDA ELECTRONICS CORP. A@SUBSIDIARY

515 BROAD HOLLOW ROAD ¢« MELVILLE, L. I, NEW YORK + 516 MYRTLE 4-4200

SEE US AT WESCON, BOOTHS 1634-1635

LA-170



MEASUREMENT & INSTRUMENTS

Microwave transistor
characteristic plotter

Providing a plot of four S param-
eters vs frequency, this analyzer
consists of a series of resolvers,
each covering an octave, a transis-
tor holder, two bias tees and an
electronics processing unit. The
bias tees and the transistor test jig
are rated up to 4 GHz. Connectors
maintain a low vswr path to the
semiconductor junction. The proc-
essing wunit provides a Smith
chart readout for impedance, a po-
lar plot for transfer function and
meter readout for the phase and
amplitude components of the
reflected and the transmitted sig-
nal.

P&A: $575 (transistor test jig),
$295 (bias tee), $5300 (resolver),
$4200 (electronics unit); 10 wks.
Wiltron Co., 930 E. Meadow Drive,
Palo Alto, Calif. Phone: (415) 321-
7428.

Booth 241 (HP) Circle No. 385

Lab test console

This standards laboratory console
contains four matching units: A
precision pot for voltage measure-
ments from 0 to 2222 V, a high-res-
olution null detector with 20-nV
sensitivity, interchangeable volt
boxes and a constant current power
supply. The potentiometer has 20
ppm calibrated accuracy, four
ranges from 0 to 11.11 V and ther-
mal emf or less than 0.1 pV. The
null detector has guarded differen-
tial input for bipolar operation and
high Z,,.

Honeywell Inc., Test Instruments
Div., 4800 E. Dry Creek Rd., Den-
ver, Colo. Phone: (303) 771-4700.
Booth 1229 (SA) Circle No. 547

U114

Bridge indicator

Strain levels of 1/4-, 1/2- and full-
bridge transducers are indicated as
a per cent of load range or per cent
of full scale capacity of transducers
by this bridge indicator. Direct lin-
ear readout in pounds or per cent of
full load is provided. Input power is
115 Vae, 60 Hz, linearity is 0.56% of
full scale and accuracy is 0.5% of
full scale. The balance control is
adjusted for zero. The 10-lb unit
measures 12 x 0.5 x 9.5 in.

Lockheed Electronics Co., 6201 E.
Randolph St., Los Angeles. Phone:
(213) 722-6810.
Booth 1822 (SA) Circle No. 514

True rms voltmeter

A true rms voltmeter operates
from a rechargeable battery or a
115/230-V, 50- to 400-MHz source.
Voltage range is 300 pV to 330 V,
with null indicator range of 100 to
300 V. Frequency band is 10 Hz to
20 MHz and accuracy is 2% of read-
ing from 50 Hz to 10 MHz. The 5-in.
voltage scales are logarithmic. Mod-
el 323 is useful in measurements of
sine waves, distorted sine waves,
random noise, square waves or 0.1-
us pulses having a duty cycle as low
as 0.04.

P&A: $485 (line), $520 (bat-
tery); stock. Ballantine Labs. Inc.,
P. O. Box 97, Boonton, N. J. Phone:
(201) 334-1432.

Booth 413 (HP) Circle No. 282

i : i o ; 1;;
Impedance/phase meter
Over a b500-kHz to 108-MHz
range, this RF vector impedance
meter gives impedances from 10 to
100,000 Q and phase angles from 0
to 360° simultaneously. A sampling
agce loop maintains the current con-
stant at 4 pA. Voltage response is
detected and read out in impedance.
Resolution is better than 2°. Model
4815A may be swept by an external
sweep oscillator up to 1 MHz. The
front-panel monitor delivers 150
mV min into 50 Q. The instrument
measures capacitances up to 0.1 pF
and inductances up to 10 mH.
P&A: $2650; 30 to 60 days.

Hewlett Packard, 1501 Page Mill
Rd., Palo Alto, Calif. Phone: (415)
326-7000. _

Booth 305 (HP)

Cirele No. 394

Whéafstone bridge

An 1l-position switch dial
covering a multiplier range of

105 to 105 is employed by this
Wheatstone bridge console. The
switch contacts appear in the detec-
tor branch and in series with either
a 10- or 100-kQ resistor. With a con-
tact resistance of 0.001 Q, the maxi-
mum ratio error introduced by con-
tact resistance is 0.1 ppm. Accuracy
is 0.01%. The unit has a range of
0.1 9 to 11,111 Mo,

P&A: $2800; 8 wks. James G.
Biddle Co., Plymouth Meeting, Pa.
Phone: (215) 646-9200.

Booth 140 (HP) Circle No. 289
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new from RADIATION:
[Coperational amplifiers

..eliminate stabilizing networks

Radiation announces a new line of uni-
versal building blocks for integrated
analog circuitry. Three different types
of operational amplifiers are available
to serve your individual needs: gen-
eral-purpose, broadband, and high-
gain circuits.

These highly-stable wide band am-
plifiers operate at unity gain without
external stabilization. Thus, design
costand packaging space are reduced.

Further, superior design provides

j outstanding performance: Parasitics
Piilpose Rt asn are eliminated, thanks to Radiation’s

Typical electrical characteristics

PARAMETER Ui RAE. HASH WA unique dielectric isolation technique.
Phase margin 60° 45° 60° . .

Bardwicth funkty gain) . MH2 ; 15 6 Tighter tolerances and improved tem-
Voltage gain ? 2,700 2,700 50,000 perature coefficients are achieved
Offset voltage m 2.0 2.0 2.0 ; L N
Offsetcltent nA 80 400 80 through use of thin film resistors over
Thermal drift wV/°C 5 5 5 the oxide.

Output swing Veer 21 21 9 o, 20 y R
Power consumption mw 90 160 90 Radiation operational amplifiers
Common mode rejection db 100 100 100 : . :

Pawkr susiy retiotan. b o * 5 Alp ready for immediate shlpme.znt.
Input bias current uA 0.4 142 0.4 Write or phone for data sheets which
Standard temperature range: —55°C to +125°C include worst-case limits,and contain

all information required by design en-
gineers. Radiation Incorporated, Phys-
ical Electronics, Department ED-08,
| 4 Melbourne, Florida 32901, Phone:

H RADIATION (305) 723-1511, extension 554.

INCORPORATED See us at WESCON — Booth 1737-8

All Radiation integrated circuits are dielectrically isolated.

Sales offices: Suite 622, 650 North Sepulveda Blvd., El Segundo, Calif. (213) 772-6371 m Suite 232, 600 Old Country Road, Garden City, N. Y.
(516) 747-3730 m P.O. Box 37, Melbourne, Florida (305) 723-1511, extension 554.

Speed Inquiry to Advertiser via Collect Night Letter
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PRODUCTION & PACKAGING
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Programable curve tracer
operates in pulse mode

Nondestructive testing of small-
signal devices at high currents is
possible under pulse mode operation
of the 6200B transistor curve trac-
er. Programing capabilities bring
the unit into the quality-control lab-
oratory or on to the production line.
The versatility of this unit derives
essentially from its 100-nA to 500-
mA base step generator.

Instead of producing a minimum
of four base steps and using a po-
tentiometer for increments, the
base drive allows selection of the
first and last steps in order to dis-
play only specific curves of interest.
Single steps alone may also be dis-
played. By use of the combination
of selectable base steps and continu-
ously variable increments, the pa-
rameter hp, may be measured at
exact collector current and voltage.
I, (gate firing current) and Vg p
(gate firing voltage) of SCRs can
also be determined. If a single step
for display is selected and its ampli-
tude varied, the pinch-off voltage of
a junction FET or the gate thres-
hold voltage of a MOSFET may be
evaluated.

The generator supplies from 10
to 35 V directly in 10 steps (1 to 11
multiplier range). Current steps
are as low as 100 nA. Thus, a com-
plete family of MOSFET or UJT

U116

curves may be displayed. Continu-
ous sweep duty cycle is 100%.

In the pulse mode, the base gen-
erator’s drive is applied for 800 us
at the peak of each sweep from the
collector generator. This results in a
10% duty cycle in the test device
for nondestructive small-signal
work.

The collector sweep generator
has sweep ranges of 0 to 1000 V at
100 mA, 0 to 200 V at 500 mA and 0
to 20 V at 5 A. All ranges are at
twice the power line frequency. Col-
lector series resistance is selectable
in 11 steps from 3 Q to 1 MQ.

The characteristics of 1000-V de-
vices may be displayed, and gain
and saturation measurements made
with continuous or pulse operation.

To make the unit programable,
30-Vdc reed relays are added. The
modified unit (6200B/P) programs
five functions:

m Vertical and horizontal display
sensitivity.

® Collector dissipation resistance.
® (Collector sweep generator range.
® Collector sweep generator polari-
ty.

® External base input.

In order to activate any of these
functions, 30-Vdc must be supplied
to the correct pin at the rear panel.
A programer (3509B) is available

containing a 30-Vdc supply, a six-
stage ring counter, a nine-reed re-
lay matrix and a diode voltage dis-
tribution matrix on a PC card. The
3509B can be automatically or
manually sequenced from test to
test.

Vertical display sensitivity ex-
tends from 1 pA/division to 500
mA /division directly while the hor-
izontal display goes directly to
100 V/division. Two inverting
switches orient the display into any
quadrant of the CRT. Thus, pnp
and p-channel FET curves may be
viewed from the lower left corner
in a left-to-right direction.

Circuitry of the curve tracer is
all plug-in PC board with all-sili-
con, planar transistors.

P&A: $1495, $1995 (programable

unit), $995 (programer); stock.
Fairchild Instrumentation, 475 El-
lis St., Mountain View, Calif.

Phone: (415) 962-2011.
Circle No. 566

Booth 359 (HP)

Ultrasonic epoxy bonder

This bonder features operator
control for pilot line production and
automatic ultrasonic epoxy transis-
tor assembly. A 6-in. stamped or
chemically etched strip with several
transistors is fed through the die
and wire bonds in a magazine strip
carrier. Magazines average 1000 to
1500 units. After the operator
aligns the wires to the target area
on the die, the machine moves each
tool to the corresponding post sec-
tion of the strip, ultrasonically
bonds the wire to the post and sev-
ers the wire.

Kulicke and Soffa Industries,
Inc.,, 135 Commerce Dr., Fort
Washington, Pa. Phone: (215) 646-
5800.

Booth 762 (HP) Circle No. 538

Speed Inquiry to Advertiser via Collect Night Letter >
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Coordinate measuring
machine for small parts

Designed for inspecting small
parts, PC boards and art, pin con-
nectors and similar components,
this 3-axis machine measures the
dimension of a part, hole or surface
location with an optical electronic
sensing stylus. Digital readout or
tape or typewriter printout are
offered. Measuring range is 16 x 12
x 10-in. under the Y-axis carriage
and readout is to 0.0001-in. Readout
is positive with automatic += quad-
rant indication from floating 0.

Sheffield Corp., P. O. Box 893,
Dayton, Ohio. Phone: (513) 254-
5377.

Booth 5377 (SA)

Circle No. 304

Low-alkali sealing glass

This sealing glass minimizes or
eliminates electrical degradation of
enclosed semiconductor devices due
to alkali poisoning. The extremely
low alkali content (0.11%) of the
glass is of particular benefit when
it comes into contact with the de-
vice. One use is in the encapsulation
of miniature, slug or stud type
diodes. The glass is available as cut
tubing. Dielectric constant at
20°C and 1 MHz is 6.02 and loss
factor is 0.42%.

Corning Glass Works, Corning,
N. Y. Phone: (607) 962-5011.
Booth 1562 (SA) Circle No. 556
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swift, precise circuit board
drilling machine:
Gardner-Denver GRID DRILL*

The Gardner-Denver Grid Drill: by far the fastest, most precise
unit of its kind available. Spindles operate at 50,000 rpm . . .
infinitely variable from 10,000 to 50,000 rpm! Accuracy? Maxi-
mum spindle runout at a distance of 1” from the collet is .0005”
T.I.LR.! Table positioning accuracy of 4.0006” maximum, repeat-
ability of +.0003” maximum. And so flexible—both in spindle
number and spacing! Each spindle package contains its own
power unit, allowing for different roms for each package. Pro-
duces up to 120 holes per minute per spindle. There's lots more
information you should have. Write Gardner-Denver now. Ask
for Bulletin 15-1.

*Trade Mark Gardner-Denver Co.

Sema\ SEE WHAT AIR IS DOING NOW...SEE
o (<)
GARDNER - DENYER

Gardner-Denver Company, Quincy, lllinois

ON READER-SERVICE CARD CIRCLE 69
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Feasibility
Studies

Filters

A series of papers on methodology for
filter feasibility studies. Includes a
monograph detailing procedures for
obtaining performance spec analysis
and computer-selected special filters
from basic in-stock components; 8-page
engineering bulletin No. 140 designat-
ing characteristics of commonly used
filters, profusely illustrated with graphs,
schematics; a filter specification form
with a universal curve that can be re-
lated to the characteristics of any filter.
Aladdin Electronics.

Circle No. 191

Aladdin can deliver special filter
samples quickly, because an organ-
ized plan goes into action as soon
as we have your specifications.
First, the feasibility study. A free
service. It amounts to a computer-
ized analysis that tells whether
one of Aladdin’s “standard” types
will meet your specs, using stock
components.
Second, if the feasibility study is af-
firmative, a quotation on a sample
lot of Aladdin filters to your specs.
Third—along with this quote and be-
fore we even make the samples—a
uote on production quantities just
like the samples.
Fourth—if you order the sample lot
—quick service . . . because we com-
bine stock components and hardware
with Aladdin-tailored inductance
values.
Aladdin Electronics at Nashville,
Tennessee. Aladdin Electronics/ Sky-
borne at Santa Fe Springs, California.
For bulletin circle the number below
on the card in the back of this
publication.

Circle No. 192

U120

PRODUCTION & PACKAGING

Thermoplastic cases

Thirty new equipment cases are
molded of high-strength thermoplas-
tic. The cases range in size from
approximately 8- x 6- x 6-in. to
47- x 14- x 18.5-in. The thermoplas-
tic used is acrylonitrile-butadiene-
styrene.

Skydyne Inc., River Rd., Port
Jervis, N. Y. Phone: (914) 856-
5241.

Booth 668 (HP) Circle No. 297

Instrument cases

Aluminum instrument cases in
heights from 6-1/2- to 10-in. are
offered in half-rack, third-rack, and
two-thirds-rack widths. Removal of
two screws in the rear panel allows
the top-side-and-rear section of the
cabinet to be lifted from the front
bezel and bottom pan. A slot is pro-
vided in the rear panel for cable
exit. The front panel and chassis
are held in place by two screws in
the rear leaving the area available
for equipment.

Scientific-Atlanta Inc., P. O. Box
13654, Atlanta. Phone: (404) 938-
2930.

Booth 530 (HP) Circle No. 372

Flux-cored solder

After-soldering resin residue of
X-100 flux-cored solders is non-con-

ductive, non-corrosive, non-hygro-
scopic and resistant to oxidation and
decomposition. Lead, tin, silver, bis-
muth and antimonial alloys to cus-
tomer specification are available in
wire sizes from 0.01 to 0.3125-in.
with flux cores ranging from 0.5%
to 4.56% in 0.5% increments.
Gardiner Metal Co., 4820 S.
Campbell Ave., Chicago. Phone:

(312) 847-0100.
Booth 756 (HP)

Circle No. 501

Wire-wrapping system

Spiral type wrapping for flexible
electric harnesses and cables offers
strength and simple application. It
forms a single cable from a bundle
of wires and bends easily to follow
the path of the wires. “Spiroband”
retains its elasticity and shape and
will unwrap easily. It permits indi-
vidual lead-offs or additions at any
point. Each size (1/8, 1/4 and 1/2-
in.) is available in natural, ultravio-
let resistant and fire-retardent poly-
ethylene.

Electrovert Inc., 86 Hartford
Ave., Mt. Vernon, ‘N. Y. Phone:
(914) 664-6090.
Booth 623 (HP) Cirele No. 310
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PRODUCTION & PACKAGING

diniia

Work/inspect station

This system consists of a work
inspection station with a mag-
nification tool and floodlight. The
instrument provides a work area of
over 40 in.2, The lens is mounted on
a 3-joint arm which may be extend-
ed 19 in. from its main pivot. The
high-intensity air-cooled floodlight
is made for gravity attachment to
any part of the arm. It supplies 100
ft-candles at 12 in.

P&A: $179; stock. Ednalite Re-
search Corp., 210 N. Water St.,
Peekskill, N. Y. Phone: (914) 737-
4100.

Booth 758 (HP)

Circle No. 381

Bobbin coil winder

This automatic coil winding ma-
chine accepts #47 to #23 AWG.
Winding speed is 5000 or 10,000
rpm at 15 to 800 turns/layer. Coil
sizes may be to 3-in. diameter and
to 3-in. wide.

Associated American Winding
Machinery Inc., 750 St. Ann’s Ave.,
Bronx, N. Y. Phone: (212) 292-
5050.

Booth 750 (HP) Circle No. 859
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Portable ball-bnder

A single-station thermocompres-
sion bonder has a steady constant
flame (to 500°F) which severs wire
to form a perfect ball. During bond-
ing, the flame is intercepted by a
baffle device. When the operator
triggers the lever for cut-off, the
baffle permits the flame to touch the
wire. The machine will handle gold
wire for ball-bonding and either
gold or aluminum wire for stitch-
bonding.  Acceptable diameters
range from 0.7 to 0.0002-in.

Sola Basic Industries, 304 Hart
St., Watertown, Wis. Phone: (414)
261-7000.

Booth 543 (HP) Circle No. 363

Resistor noise tester

Model 5003 sorts 10-Q to 1-MQ
resistors by noise index. An auto-
matic signal indicates rejection of
any resistor which exceeds a preset
noise figure. The system sorts up to
6000 per hour at +3-dB tolerance.
Higher speeds are accomplished by
the addition of more channels. Ap-
plied voltage is 1 to 400 Vdc. Noise
index reject level ranges from 0 to
—40 dB.

Price: $12,900. Quan-Tech Labs.,
43 8. Jefferson Rd., Whippany, N. J.
Phone: (201) 887-5508.

Booth 308 (HP) Circle No. 865

Portable wire stripper

This twin-blade wire stripping
machine handles shielded cable, thin
wall, non-concentric primary insu-
lations and other hard-to-strip
wires. The spring-loaded swing
blades are independently adjustable
to any desired gap. Simultaneous
opening and closing of the blades is
synchronized by a floating plunger
bushing which slides in an oilite
bearing.

Price: $295. Carpenter Co., Fair-
grounds Dr., Manlius, N. Y. Phone:
(315) 682-9176.

Booth 569 (HP) Circle No. 351

UItraonic rinwelding

Ultrasonic ring welding equip-
ment for encapsulating semiconduc-
tors use solid-state frequency con-
verters and ceramic acoustic trans-
ducers with 859% efficiency. Hermet-
ic welding of similar or dissimilar
metals in 360° ring diameters rang-
ing from 1/8 to 2-1/2-in. is achieved
without heat. Welding can be car-
ried out in special atmospheres and
in vacuum. For most materials an
inert atmosphere is not necessary.

Sonobond Corp., 310 E. Rosedale
Ave., West Chester, Pa. Phone:
(215) 696-4710.
Booth 745 (HP) Circle No. 281
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Challenge from
Westinghouse:

WC115T Typical Electrical Characteristics

Input impedance

Output impedance

Output voltage swing 14 volts P/P

Differential gain

Frequency response 150 KHz

Common mode rejection ratio

10uv/°C

Supply voltage

try to find another
|IC differential amplifier
like this for$7.50

WC 115 T directly replaces IC’s costing much more

This universal differential amplifier gives you two Darlington pairs in a
differential connection with a constant-current source. Manufacturer'’s price in
50-499 quantities: $7.50. For smaller orders: $10.50.

How does Westinghouse do it? Having the most modern IC plant in the industry
helps. But mostly, it's a product of Westinghouse research leadership in linear IC's.

This differential amplifier design gives you top performance in these parameters:
input impedance, input current, source to load isolation, temperature stability,
and DC drift. You can use it as either a differential or single-ended input and
output amplifier. It gives both inverting and non-inverting operation. Frequency
response exceeds 150 KHz.

For immediate delivery, call your Westinghouse electronic distributor*. Or for
complete specs, write Westinghouse Molecular Electronics Division, Box 7377,
Elkridge, Maryland 21227.

*Distributors determine resale prices

You can be sure if it's Westinghouse

J-09131
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CIRCUIT COMPONENTS

No loss of gan ao\)e 30 MHz

with high-Z FET scope probe

A FET is the active element in
the nose of this oscilloscope probe.
High impedance, good high-fre-!
quency performance, no loss of gain
and smaller size are all advantages
attributable to the FET. (Passive
probes involve a basic compromise
of input impedance and gain.) The
P6045 probe will operate into any
standard 1-MQ scope input and is
also capable of driving external
50-Q loads, as in sampling scopes. It
is designed for low-amplitude work
in the 30-MHz range.

The FET and two emitter-follow-
ers form the probe’s impedance
transformer, which drives a 93-Q
cable. (One good impedance trans-
former is the vacuum tube, but its
size and dec instability are draw-
backs.) The cable terminates in a
compensating amphiter, which is at-
tached to the scope’s input connector.

The compensating amplifier op-
erates in two modes. With the 50-Q
load resistor switched out, a 50-Q
external load is necessary, and a 3-
in., 50-Q cable extends the 50-Q Z,
from the connector to the output
transistor. With the load resistor
switched in for use with high-Z in-
puts, the 3-in. cable acts as an 8-pF
internal-load capacitance.

Input resistance of the probe con-
sists of a 10-MQ shunt resistor. In-
put capacitance consists of the

U124

FET’s capacitance plus the environ-
mental capacitance of the 10-MQ
resistor, the gate protection circuit
and the nose of the probe. Total is
about 4 pF.

Rise time is limited by the band-
width of the compensating amplifier
and impedance transformer, the in-
put time constant of the 25-Q gener-
ator and 4-pF input capacitance
(0.2 ns) and the output time con-
stant of the amplifier load imped-
ance and cable capacitance plus the
scope’s input capacitance (1.3 ns for
15 pF). The total rise time for a
sampling scope is 1.5 ns max, and
for a real-time scope 1.86 ns. The
compensating amplifier can be ad-
justed for specific real-time scopes
to reduce rise time.

The probe has X10 and X100 at-
tenuators to extend dynamic range
while reducing input capacitance
(2.6 pF for X10, 2.0 pF for X100).
The probe input may be offset =1 V
and any 1-V window within =1.5 V
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