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Buying instruments can be easy—
if you have a complete source of
comparative data. This issue’s
Product Source Directory includes
data on 1200 DVMSs, oscilloscopes,

VOL. 17 NO.

NOV. 22, 1969

spectrum analyzers, VIVMs and
frequency counters built by more
than 100 companies. For specs,
prices and other data to make
you a better buyer, see pg. D1.




NEW Calibrated TDR with 35 ps risetime
and 12.4 GHz sampling
in one easy-to-use plug-in

See More...Do More with the HP
180 Scope System! Now, in one
measurement, you can find out what,
where, and how much—when you
design connectors, circuits, anten-
nas, strip lines and similar compo-
nents. No interpolation or extrapola-
tion needed. Now HP has combined
high resolution time domain reflec-
tometry and 12.4 GHz sampling in the
HP 1815A double-size plug-in that
fits the standard 180A Oscilloscope
mainframe or the 181A Variable Per-
sistence and Storage mainframe.
The 1815A in conjunction with the
1817A remote feed-through sampler
and the 1106A pulse generator pro-
vides calibrated 35 ps risetime TDR —
with capability of resolving discon-
tinuities down to a quarter of an
inch apart. New signal averaging

circuitry reduces noise and jitter at a
ratio of 2 to 1 or more.

And the 1815A not only provides
more accurate answers, it provides
them faster and easier. Why waste
your valuable time? Get direct read-
outs in reflection coefficient (rho)
and feet (meters optional) for instant
answers that previously required
time-consuming calculations. Get di-
rect, front panel calibration of dielec-
tric constants for air and poly-
ethylene, or use a variable control to

STEP FORWARD

HEWLETT w PACKARD

OSCILLOSCOPE SYSTEMS
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set the dielectric constant between
e=1toe=4.

In addition, the 1815A/1817A com-
bination can be externally triggered
to provide 12.4 GHz (28 ps) sampling
capability. The signal averaging tech-
nique allows you to use the entire
bandwidth capabilities of the plug-
in/sampler — undistorted by noise
and jitter.

If you don’t need the full capability
of the 1815A, a lower cost and lower
frequency sampling head (1816A) and
tunnel diode pulse generator (1108A)
are available for 4 GHz 90 ps risetime
sampling and 110 ps TDR (60 ps
pulses).

Prices: 1815A, $1100; 1817 Remote
Sampler, $1500; 1106A Tunnel Diode
Pulse Generator, $550; 1816A Remote
Sampler, $850; 1108A Tunnel Diode
Pulse Generator, $175.

Isn’t it time you took a step for-
ward in your oscilloscope measure-
ments? Call your HP field engineer
and he’ll tell you about the all-solid-
state, proven HP 180 scope system,
which now includes TDR and sam-
pling. Or, write for data sheet to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.
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From near the banks of Loch Walden we
bring you a GRrrrand new product, the
1192 - a wee bonnie counter that'll make
your pocketbook smile. But don’t let its size
or price fool you; it's a real performer. For
instance, it measures frequency (from dc to
32 MHz), period (single and multiple), time
interval, frequency ratio, and, of course, it
counts. Units of measurement and decimal
point are automatically displayed. As little
as 10 mV will trigger its input (up to 25
MHz), and you can control trigger threshold
and attenuation. You get better than average
stability with its internal crystal oscillator.

The 1192 can be ordered with 5, 6, or 7
digits, with or without BCD output, and for
bench or rack use. A new companion scaler,
the 1157-B, extends the upper frequency
limit to 500 MHz. This unit mounts side by
side with the 1192 in a common cabinet
to form the 1192-Z.

Prices” for the 1192 range from $575 for
the 5-digit bench model without data output
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to $845 for a 7-digit rack model with data
output. Add the scaler for another $850.
That gives you a 500-MHz counter for as low
as $1425. How's that for a bonnie bargain?
If you order two or more, the unit cost is
even less with GR’s quantity-discount plan.
Discounts range from 3% for 2-4 units to
20% for 100 units.

For free literature (postpaid) or an all-
expense-paid demonstration, write or call
General Radio Company, West Concord,
Massachusetts 01781; telephone 617
369-4400. In Europe (except Scotland),
write Postfach 124, CH 8034 Zurich 34,
Switzerland. In Scotland, write General
Radio Company (U.K.) Limited, Bourne
End, Buckinghamshire, England, for special

attention. *Prices apply only in the USA
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You SEE what you're measuring when you use our 710/800 Spectrum Analyzer for
waveform analysis ... you BELIEVE what you're measuring, because the CRT display is
completely calibrated—in volts/cm or 10 dB/cm vs. frequency over the entire
frequency range of 10 Hz to 50,000 Hz.

Pomt-by-point measurements of complex waveforms are obsolete. With the 710/800
you SEE the entire spectral picture at one time displayed over a 60 dB dynamic range
without the use of mechanical drives or external recorders.

Frequency display adjustment is as simple as a flick of a switch, permitting narrow
band (100 Hz) to wide band (50,000 Hz) coverage with 10 Hz or 100 Hz filter resolution.

Selectable input impedance, 30nV sensitivity and internal battery make the truly
portable 710/800 one of the most versatile instruments of its kind. And best of all
it's priced to fit a wave analyzer budget—$2495.

If your application includes wave analysis or RFI/EMI investigations, see for yourself
how the 710/800 can save you valuable time and money. Ask for a demonstration; for
literature, call or write Microwave Division, Systron-Donner Corporation, 14844 Oxnard
St., Van Nuys, Calif. 91409. Phone (213) 786-1760.

Seeing is believing...
...with the new Model 710/800 —
a swept wave analyzer with CRT display

¢

Another first.
One of 157

Frequency display of 1 kHz triangular SyStron-Donner
wave showing harmonics to 10 kHz. instruments

Electronic counters Digital voltmeters
Pulse generators Spectrum analyzers
Microwave frequency Digital panel meters

indicators Microwave signal
SYSTRON @ DONNER Digital clocks generators
Memory testers Laboratory magnets
Analog computers Data acquisition

Time code generators systems
Data generators Microwave test sets
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... All with TC of 100 PPM./ °C Standard




For a detailed package of technical data on

the entire line of TRIMPOT® cermet potenti- .

ometers write or call the factory, your local
(' ) field office or representative!
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High speed commercial memory system
—NANOMEMORY 2600. Full cycle time
of 600 nanoseconds, and word capacities
of 16K by 18 or 8K by 36. It's all done
with a second-generation 2-1/2D drive
system with efficient circuit and logic
design, for reduced component count
and high MTBF, and wide operating
margins —the real feature of the 2-1/2D
configuration. It is easily expandable
in the field, and comes in a standard
19" rack.

Who else
but Electronic Memories
could introduce
five brand spanking new
memories-—-at once

Only Electronic Memories, the technology leader, could introduce
five important new memories at once. Each one offers significant

6

advances to provide you with faster, more reliable, and

Perfect for high speed, large ca-
pacity mainframe memory systems...
NANOSTAK 3020...technology break-
through in 3W, 2-1/2D stacks. Stackable,
compact size is an amazing 25% of com-
petitive planar stacks and offers a
significant advantage in form factor for
system packaging. Extremely fast 650
nanosecond cycle time for 8K or 16K
by 40, or 32K by 20 word memories.

Five new memory cores for your next
stack or system. All are medium or high
drive, all coincident current, and all
are fast switching for your high speed
applications. Four new cores available
in 18 mil, 20 mil, and two types of 30
mil sizes for use from 0° to 70°C. Also,
a new wide temperature range 18 mil
core for severe environments of —55°
to +100°C.

Compact, ATR compatible memory sys-
tem SEMS-6 for use in military and
rugged commercial aircraft applications.
Reliable performer is optimized around
8K or 16K with maximum capacities of
8K by 40 or 16K by 20. Full cycle time
of 2 microseconds, with access time
of 700 nanoseconds. Meets MIL-E-5400,
low power consumption and lightweight.
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Rugged design for ground based mobile
equipment, NANOSTAK 020 commer-
cial memory stack. High speed 850-
nanosecond full cycle time for 4K
memories. Features 3W, 3D organiza-
tion with word capacities to 16K by 40.
Built-in reliability and dependability.
Available with wide temperature range
cores for operation in severe en-
vironments.

lower cost memories. Each one is loaded with outstanding new
design features to give you faster access, larger capacity, and

more economical operation. From cores and stacks to

megabit memories, Electronic Memories has the memory products
for your next, faster, more powerful computer system. For more
facts and figures, just write.

- -
electronic memories
a division of electronic memories & magnetics corporation

12621 chadron avenue, hawthorne, california 90250
telephone (213) 772-5201 TWX: 910-325-6213
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Bodine
helps data devices

tell it ke 1t I1s...

Bodine fractional horsepower drives. Small. Quiet. A complete line
designed to power information-handling devices precisely, accu-
rately,dependably. Motors built with all the integrity you’ve designed
into your product—that deliver as specified with fewer callbacks
and service problems. If this is the kind of power you’re looking for,
you'll find no better source. 3

% 4

Over 3,500 standard specifications to choose from. Bodine also
builds custom fhp motors to meet design requirements. Our engi-
neers will be happy to help you pinpoint the right one for your
particular application need. Computers, business machines, instru-
mentation, copiers—whatever your product, specify Bodine fhp
drives. We've been the power behind the leading products for some
63 years. Write for bulletin. Bodine Electric Company, 2500 W.
Bradley Place, Chicago, lllinois 60618.

Bodine Motors Wear Out—It Just Takes Longer

BODINE MOTORS/CONTROLS

Ask about Bodine SCR motor speed controls

<=




We polish off

miniature ferrite devices
no one else can make.



INDIANA GENERAI. We make it easy for the design engineer.

For a single qualified source for
special, difficult to make ferrite
assemblies, you’ll probably take
quite a shine to Indiana General.
Were not competing with
the volume suppliers of wound
components. Instead, we've got a
unique capability that combines
skills in ferrite materials, design, as-
sembly, and testing.
We've successfully explored
cross-field modulators for missile guid-
ance systems; ferrite cross cores in varia-
ble inductors for a motor control circuit;
and a new, low-pass RFI filter. In one case,
we re-designed an existing broadband inter-
stage transformer from TO-5 down, to TO-18
size. That’s a 5-to-1 size reduction. |

And all these projects involved precision-regulated,
critical applications. All involved a problem requiring
a unique solution. Any time those criteria
crop up, chances are you should talk to
Indiana General.

Start the conversation with our
coupon. And let us consult, or quote, on
your next special project assignment.
The one no one else will tackle. Even
the one that seems impossible.

i Mr. K. S. Talbot, Manager of Sales

* Indiana General — Electronic Products
Div. of Electronic Memories & Magnetics
Keasbey, New Jersey

O Please send me an application form for
a miniature ferrite device design evalua-
tion.

[J Please calculate design possibilities,
based on the attached requirements and
data: Application description, perform-
ance specifications, drawings.

NAME.

TITLE.

COMPANY.

ADDRESS,

CITY. STATE. ZIP.
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Tips on cooling off
hot semiconductors

Number 5 of a Series

As power levels go up and up and package size shrinks, circuit designers are keeping semiconductors cool
with IERC Heat Sinks/Dissipators. Reducing junction temperature gives many benefits: faster rise and fall times,

faster switching speed and beta, fewer cigcuit loading effects and longer transistor life and circuit reliability.

TO5's and TO18's in high density packages
can be cooled off with efficient push-on Fan
Tops that cost only pennies. T-shaped, need
no board room, let other components snug-
gle close. Spring fingers accommodate wide
case diameter variations. Models for RO97’s,
RO97A and D-style plastic devices also.

Thermal mating of matched transistors, such as these TOS5’s shown on
a dual LP, maintains matched operating characteristics. The LP’s
unique multiple staggered-finger design (both single and dual
models) maximizes radiation and convection cooling, results in a
high efficiency-to-weight and -volume ratio.

i

Power levels of plastic power devices such as X58’s, MS9’s, and
M386’s can be increased up to 80% in natural convection and
500% in forced air when used with PA and PB Dissipators. PA’s
need only .65 sq. in. to mount; PB’s 1.17 sq. in. Staggered finger

design gives these light-weight dissipators their high efficiency.

High power TO3's, TO66's, TO6’s, TO15’s, etc.
can be operated with much more power
when used with HP’s. These compact, light-
weight staggered finger devices accommo-
date from one to four TO3’s. Provide the
same heat dissipation as an extrusion that’s
three times heavier and one-third larger.

Heat Sinks/Dissipators

Heat problems? IERC engineers wel-
" come the opportunity to help solve
your heat dissipation problems. As
the world’s largest manufacturer of
heat sinks/dissipators for lead and
case mounted semiconductors, they
can come up with a practical, low

cost solution.

Free
four-page
Short Form
Catalog.
Send for
your copy
today.

-

IERC

w2

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION / A CORPORATE DIVISION OF DYNAMICS CORPORATION OF AMERICA /135 WEST MAGNOLIA AVENUE, BURBANK, CALIFORNIA 91502
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How our Variplate™
connecting system
keeps your :
fifty-cent IC's  wurucon
from becoming

four-dollar

headaches.

IC’s don’t cost much. Until you
use them. You can buy, say 20,000
IC’s for the innards of a compact
computer, packed in the transistor
cans, flat packs, or Dual-in-Line
(DIP) packages, for a unit cost of
less than fifty cents.

Great.

But then you have to connect
them.

Not so great.

Because those 20,000 IC’s have
anywhere from 200,000 to 280,000
leads waiting to be connected. Fine
leads. Closely spaced. And, of
course, you want to pack-the IC’s
as densely as possible. So it’s really
no surprise that your in-place cost
of an IC can climb to $4.00.

Fortunately, we have a system
that can keep your in-place cost
down: the Variplate intercon-
nection system.

With the Variplate system, you
can pack those IC’'s—and all the p¢
boards and other components you
have—as densely as the application
demands. You can do it on auto-
mated equipment—and we’ll even
do the wiring for you.

All the components
you need.

The system begins with the base
plate, a self-supporting structural
member. It carries the insulated
contact modules, accommodates
secondary components and hard-
ware, and provides for mounting
to support framework.

The plate can be a single
metal sheet that provides a

Bus Bar I

Bus Bar Contact

age and
ground planes

for common  Voltage (N
5 ane :
bussing. Insulation
For the Ground Plane

next layer in
your electronic
sandwich, we have all the header
plates, card-edge receptacles and
guides, and bushings you're likely
to require. (For unlikely
requirements, we’ll come up

with something new.)

And the connectors. Of course.
Our own respected Varimate™,
Varicon™, and Varilok™ connec-
tors, or standard fork-and-blade,
terminal stud, card-edge, or bus
strip contacts. Your choice.

No holes barred.

We put all these components
together in any size, any shape, and
almost any density of package you
require. Plates can be any size.
Contacts can be spaced on .100”,
.125”, .150”, or .200” centers, in
square or offset grids—on non-
standard configurations where you
need them.

What you get is a solid electrical
and mechanical foundation for your
electronic network, so precisely
made that any automated as-
sembly equipment can take
over from there.

However.

You'll save time and money if
you let us go one step further and
wire your network for you. Our

Feed-thru Bus Terminal

Ground Plane Contact

Connector

Insulating fully
= Sy automatic
Gardner-

Denver machines
prevent rat’s nests, ease
your check-out and debug-
ging procedures. And, of
course, if something is not
quite right, you’ll know
exactly where to place the
responsibility.

Altogether, it’s quite a system.
And worth all the work we’ve put
into it. Because if we can save you
just a nickel on the cost of in-
stalling each of your 20,000 IC’s
you can add a thousand dollars to
3 ] he RZ LT S,

your company'’s profits.

We’re sure we can save you that
nickel, and more. For more infor-
mation, write, wire, call, or TWX
us for our Variplate interconnecting
systems catalog. Elco Corporation,
Willow Grove, Pa.

19090. 215-659-7000;
TWX 510-665-5573.

Variplate
Connectors

ground plane, or it can be a
sandwich that provides both volt-

ELC
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Visicorder--recording

When we designed our original
Honeywell Model 906 Visicorder
back in-1956, we didn't start with
an idea of how it would work.

We started with the idea of what
it should do: give you /immediate
readout of high-frequency analog
data.

Soinstead of using a conventional
recordingtechnique (withchemicals,
ink or vapor), our Model 906 was
designed around a whole, new, un-
conventional technique . . . of re-
cording on light-sensitive paper,
which then developed on exposure
1 Model 906: 6” compact, “handyman”

Visicorder

2 Model 2206: 6" battery-powered,
portable, Visicorder

to an ambient light.

Since then, we have seen this
“unconventional“technique become
the most widely accepted system in

3 Model 1508A: 8” Visicorder with takeup unit
4 Model 2106: 6” laboratory Visicorder

oscillography, an accomplishment
that might have been enough to con-
tent most manufacturers.

But not Honeywell. We expanded
this technique to fit virtually any ap-
plication, by introducing Visicorders
of greater capacity.

Then we introduced Visicorders
with added convenience features
and increased versatility, including a
new fiber-optics recorder.

And then we introduced a com-
plete range of accessories, such as
our microfilm recorder accessory
(that provides expanded resolution,

5 Model 1204: Visiprinter accessory
6 Model 2400: Microfilm recorder accessory
7 Model 1912: 12" high-performance Visicorder

e ————

e ———

Regional Sales Offices:
Albuquerque, NM (505) 345-1656
Dave Dimick

Chicago, IL (312) 674-9770
Eldred Jones



solutions s

reduced record storage space, in-
creased economy, and a permanent
record); and our Visiprinter, a digital
printer accessory that allows you to
record digital data, along with the
analog traces on any Visicorder.
And then, finally, we comple-
mented this line with a variety of sig-
nal conditioning instruments,

including amplifiers, attenuators,

strain gage and thermocouple con-
trol units. Plus a wide selection of
thermocouples and Statham trans-
ducers.

Until now, today, when we can

8 Statham Transducers
9 Model 1108: 8” general purpose Visicorder

Long Island City, NY (212) 392-4300
John Paull

Los Angeles, CA (213) 724-3500
Durke Johnson

McLean, VA (703) 893-4660

Bill Schmick

honestly say that we offer the world's
finest and most complete line of
direct recording light beam oscillo-

10 Model 1806: Fiber-optic recording
oscillograph
11 Signal Conditioning

INFORMATION RETRIEVAL NUMBER 10

nce 1956

graphs, systems and accessories.
Which means that a Honeywell en-
gineer can provide the solution to
any recording problem, no matter the
size or complexity.

And that from small portables to
36-channel Visicorders, DC to 1
MHz, Honeywell can deliver, install
and maintain any size system.

For more information, call your
nearest regional sales manager listed
below, or write: Honeywell Test In-
struments Division, P.O. Box 5227,
Denver, Colorado 80217 (303) 771 -
4700.

Honeywell




Our Driver Manual.

(It's a free license to control all driving situations.)

Fault-free control of load driving can be yours when
the motor matches (or exceeds) your product or sys-
tem requirements and avoids the performance com-
promises inherent in common motors.

The Motor Catalog offers you literally thousands of
choices — size, type, horsepower, torque, input — to
obtain cxactly the motor you need. In addition, there’s
comprehensive theory and applications information.

IMC Magnetics Corp., Eastern Division, 570 Main Street,
Westbury, N.Y. 11591, Tel. (516) 334-7070, TWX 510-222

B 1mc)

INFORMATION RETRIEVAL NUMBER 11

Designer’s
Datebook
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0f 8 9/10|11]12(13 4 5 6 7 8 9|10
14(15(16 | 17| 18|19 | 20 111213 (14| 15| 16| 17
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28 (29|30 (31 25|26 |27 |28 |29|30|31
Dec. 4-5

Vehicular Technology Conference
(Columbus, Ohio) Sponsor: IEEE,
R. E. Fenton, Ohio State Univer-
sity, 2015 Neil Ave., Columbus,
Ohio. 43210

CIRCLE NO. 760

Dec. 8-10
National Electronics Conference

(Chicago) Sponsor: ITT, IEEE,
et al, National Electronics Con-
ference, Inc., Oakbrook Executive
Plaza No. 2—Suite 629, 1211 W.
22 St., Oak Brook, Ill. 60521
CIRCLE NO. 761

Dec. 8-10
International Symposium on Cir-

cuit Theory (San Francisco)
Sponsor: IEEE, R. A. Rohrer,
Fairchild Semiconductor Inc.,
4001 Junipero Serra Blvd., Palo
Alto, Calif. 94304

CIRCLE NO. 762

Dec. 10-12
Asilomar Conference on Circuits
and Systems (Pacific Grove,
Calif.) Sponsor: IEEE, Santa
Clara Univ., et al, Shu-Park Chan,
Univ. of Santa Clara, Santa Clara,
Calif.

CIRCLE NO. 763

Jan. 14-16

International Conference on Sys-
tems Sciences (Honolulu, Hawaii)
Sponsor: IEEE, Univ. of Hawaii,
R. Chattopadhyay, Univ. of Hawaili,
2565 The Mall, Honolulu, Hawaii.
96822

CIRCLE NO. 764

Jan. 25-30

Winter Power Meeting (New

York City) Sponsor: IEEE, Tech-

nical Conference Services, 345 E.

47 St., New York, N.Y., 10017
CIRCLE NO. 765
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AMI is proud to announce the new AMI/MOS N-Length Shift Register, or-
ganized in singles, duals, triples and quads on single monolithic chips.
Automated equipment is utilized to produce dynamic or static MOS shift
registers to your exact specified bit length—the equipment has the design
and production details; all it wants to know is how many bits. Send for de-
tails; better yet, hop a jet and visit the newly expanded AMI/MOS production
facility —America’s largest.

INFORMATION RETRIEVAL NUMBER 12
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NEW N-LENGTH
MOS SHIFT

REGISTER
CAN BE “ANY” LENGTH

VE
AMERICAN MICRO-SYSTEMS, INC.

3800 Homestead Road, Santa Clara, California 95051

Telephone 408-246-0330, TWX 910-338-0018
CUSTOM & STANDARD MOS ARRAYS/MEMORIES/REGISTERS/LOGIC
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Reeves-Hoffman can and does design
discrete component and monolithic crys-
tal filters that range from the economi-
cally prosaic to the state-of-the-art. Many
of them are somewhat sophisticated (sort
of ‘‘state-of-the-art-minus-1"’). What we
promise in capability and reliability, we
deliver; what we promise in delivery,

MONOLITHIC BANDPASS FILTER

o= | Model F12257-1 A. M. Filter Model F12011-1, Lower Sideband
Center Frequency . . . . . . . 9 MHz Model F12011-2, Upper Sideband

8 2 Bandwidth @ 6dB . . . . 6000 Hzmin. @ Carrier Frequency . . . . . . 9 MHz
1 Bandwidth @ 50dB . . 13000 Hzmax. Bandwidth @ 6dB . . . 2500 Hz min.
3 Ripple . . . .. ... .. 2 dB max. z Bandwidth @ 60dB . . 7000 Hz max.
E 30 Insertion Loss . . . . . . . 4dBmax. £ Carrier Rejection . . . . . 20 dB min.
S Impedance . . 470 ohms, input and output Insertion Loss . . . . . . 3 dB max.
il Shato e 1.5 x.730 x .360in. Z Impedance . 470 ohms, input and output
= E Size* ... 15x.730 x .360in.
< 55 <

0 —6 -4 -2 F. +2 + +

FREQUENCY — kHz FREQUENCY kHz
*E2 Coldweld package shown above actual Size
BANDPASS FILTER SINGLE SIDEBAND FILTER

o Model F15481
Center Frequency . . . . . . 10 kHz
@ 50 Bandwidth@3d8 . . . . . . 5 Hz
b Bandwidth @ 60dB . . . . . 20 Hz
z % Insertion Loss . . . . . . 4 dB max.
g Impedance . 10K ohms, input and output
< » Shathl < L IE 35x 15 x 25in.
Z»
.
o

-12 -8 4 10K «4 8
FREQUENCY — Hz

CRYSTAL FILTERS
State-of-the-Art-minus-1

ATTENUATION — dB

Craft-masters in crystal controls

we fulfill.

The four filters shown below were manu-
factured to meet user requirements. For
further information on these filters, or
for crystal filters, crystals and oscillators
designed to your specifications, call or
write today.

MONOLITHIC SIDEBAND FILTERS

\/ Model F12635
Carrier Frequency . . 100 kHz
Bandwidth @ .2dB . f, +250
to +4150 Hz
Bandwidth @ 60 dB . f, —100
to +8800 Hz
Insertion Loss . . 6 dB max.
Impedance . 36K ohms, input
and output
Sie . . 3Syew Liw

38888 38 8

20 10 0 1.0 20 3.0 40 50 6.0 7.0 80 9.010.011.0
FREQUENCY —kHz

R EEVES-HOFFMAN

DIVISION, DYNAMICS CORPORATION OF AMERICA

440 W. NORTH ST., CARLISLE, PA. 17103 ® 717/243-5929 ® TWX: 510-650-3510
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DIGITAL DISPLAY SYSTEMS

TTL-compatible MOS storage circuits solve a
dilemma that has plagued display designers: the
question of how to generate the display. Elimi-
nating digital-to-analog conversion allows a data
system to remain digital right up to the display
drivers, but may exchange one economic headache
for another. If the data source generates the digital
control signal, its cost and that of communications
links rise. Doing the job in the terminal, on the
other hand, has made displays costly in the past.

MOS read-only memories reduce, to a few rela-
tively inexpensive integrated circuits, the hardware
required to convert a character communications
code to signals that will control a display. Display
rates fast enough for most applications can be
achieved, when the MOS ROMs are controlled by
bipolar logic circuits. And when the ROMs and
bipolar ICs can be coupled directly, without the

use of special voltage translators, the character

generator becomes that much more inexpensive.
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FIGURE 1. Raster-Scan MOS/TTL Display Character
Generator. (SK0001)

©1969 NATIONAL SEMICONDUCTOR CORP.

Dale Mrazek
National Semiconductor

Two cases in point are shown in Figures 1 and 2.
The MOS read-only memories can be bought for
less than 2¢ per bit of storage. A small additional
investment in MOS registers and TTL counters will
produce a display-control system, such as the one
in Figure 3. This system adds data buffering, mes-
sage storage and display refresh to the basic
character-generation function.

Ordinarily, read-only memories are custom-made
and programmed for special applications. A large
order must be placed to amortize the setup costs
and bring the price below 2¢ per bit. These ROMs
are different. They are mass-produced as prepro-
grammed, off-the-shelf kits. Each kit contains
three 1024-bit ROMs programmed to generate 64
alphanumeric display symbols when addressed by
the ASCII code. The kit for raster-scan displays is
SKO0001 and the kit for vertical scanning is
SK0002. Figure 4 shows how the characters in the
raster-scan font look on a television-type display.

Le 12345
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FIGURE 2. Character Generator for Tape Printers and
Other Vertical-Scan Applications. (SK0002)
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FIGURE 3. MOS/TTL System for Generation and Dis-
play Refresh.

FIGURE 4. Raster-Scan 64-Character Display Font. Simi-
lar Standard Symbols Are Produced by the
Vertical-Scan Memory Kit.

Some of the characters in the vertical-scan font
look a little different, but the same symbols are
generated and the displays are just as clear. Special
symbol fonts can be made to order, on request.

Cathode-ray tubes can be controlled with the serial
output of either character generator. Symbols are
seen as bright dot patterns on the screen when the
output is used to gate the CRT's electron beam.
The raster-scan system of Figure 1 is ideal for low-
cost television displays, while the vertical-scan
system of Figure 2 is applicable to tape printers,
billboards, and Broadway-type lamp displays, as
well as CRT displays. The techniques should also
be adaptable to electroluminescent panels and
other advanced types of scanning displays.

Characters generated by the vertical scanning kit
are displayed in five columns of seven bits per
column. These are selected in the right order,
under control of the DM8533 binary counter. The
counter and gates are connected so that the first
and third columns of the 5 x 7 patterns come from
the top ROM (MKO004 in Figure 2), the second and
fourth columns from the center ROM, and the
fifth column from the lower ROM. The counter
toggles the system and also causes spacing bits
(logic “0") to be loaded between characters on the
CRT or other display. Its modulus establishes the
number of spacing bits between the end of one
character and the start of the next.

A DM8590 parallel-in/serial-out shift register
arranges the parallel outputs into the serial gating-
control stream. This TTL register is fast enough to
permit the memories to operate in less than 1 usec.

To generate raster-scan characters requires the
selection of seven b5-bit lines. Therefore, the
DM8533 in Figure 1 is used to count off the lines
as well as the spacing interval between characters.
After counting six intervals of N bits (five dots
plus a spacing interval), the counter clears and
counts six intervals again. The first four bits of the
top four lines in each 7 x 5 display pattern are
selected from the top ROM (MKO0O1 in Figure 1),
the first four bits of the bottom three lines come
from the center ROM, and the last column of
seven dots is generated by the lower ROM.

One method of implementing a complete system is
blocked out in Figure 3. All functions are con-
trolled by the system clock so that proper align-
ment of the symbols on the display is assured. The
dot and space counter provides addressing control
to the character generator, the character counter
keeps track of the number of symbols displayed
on each line in the display, and the line counter
monitors the number of lines being displayed.

Other display functions can also be provided in-
expensively with MOS memories. The MM520, for
instance, can be the basis for a graphical display
generator. If you like, we'll send data on our
bipolar-compatible ROMs and shift registers, along
with further information on MOS/TTL coupling
techniques and the kits and devices used in these
display systems.

National Semiconductor Corporation

2975 San Ysidro Way, Santa Clara, California 95051

(408) 245-4320/TWX (910) 339-9240
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Call us for more information
onthe dry test bath

Yes, that telephone is working per-
fectly in its bath of Fluorinert®
Brand Electronic Liquid.

In your testing procedures, Fluor-
inert Liquids will show up flaws and
leaks with great accuracy. In fact, the

MIL-Standard 883 and the MIL-
Standard 750A tests for gross leak-

ELEcTRONIC DESIGN 24, November 22, 1969

age in microcircuits approve the use
of Fluorinert Liquids...which says
a lot about dependability.

They are efficient over a wide
temperature range and compatible
with the most sensitive matenals.
Fluorinert Liquids are non-flammable
and won't conduct electricity.

3M Company, Chemical Division, 3M Center

St. Paul, Minn. 55101

And because tested units drain
clean and dry fast upon removal
from the bath, you can use or pack-
age your product right out of the bath.

We have lots of interesting infor-
mation about these unusual liquids.
Send the coupon...or call your local
3M representative.

Dept. KAP-11-69

Send me all the details about Fluorinert Brand Electronic Liquids.

Name

Company

Title

Address

INFORMATION RETRIEVAL NUMBER 14



.. .want a tantalum capacitor with proven performance?

Buy TYPE 150D TANTALEX'
SOLID-ELECTROLYTE
CAPACITORS

Hermetically-sealed in metal cases. Four case sizes, ranging from

V4" to 34" length. Value-packed performance characteristics —
low impedances at high frequencies, low dissipation factor, minimal
capacitance drift with temperature, practically no change

in capacitance with life. Low leakage current limits. Investigate
INFORMATION RETRIEVAL NUMBER 821 new higher capacitance ratings.

4SC-9144R1

...want high volume efficiency in tubular ’lytics?

Use SPRAGUE Type 39D

POWERLYTIC"
CAPACITORS

Provide maximum capacitance in smaller cases

with axial leads. No internal riveted or pressure connections.
Welds at critical anode and cathode terminals.

Molded end covers. Life expectancy of 10 years or more

in normal service. Very low effective series

INFORMATION RETRIEVAL NUMBER 822 resistance and leakage current.

4SC-9154

For complete technical data on Type 150D Tantalex Capacitor, write for

Engineering Bulletin 3520F. For information on Type 39D Capacitors, 5
request Engineering Bulletin 3415. Write to: Technical Literature Service,
Sprague Electric Co., 347 Marshall St., North Adams, Massachusetts 01247,

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

'Sprague’ and '@ are regi of the S Electric Co.
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Executives from top corporations in the

and got a preview of science and technology
United States attended a recent symposium in the decade ahead. p. 25.
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Magnetic memories face a major challenge
from fast, semiconductor units. p. 36.

Mobile coronary-care unit brings immediate
treatment to heart-attack victims. p. 40.

Also in this section:

1
Microwave diodes break kilowatt barrier. p. 37.

News Scope, p. 21

. . . Washington Report, p. 45 . . . Editorial, p. 51.
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Clare
announces a
new treat In

General
Purpose Relays

Its called the GP1. ~aill

If you haven't heard the name before, it's because we haven't ~%
made it before.
You see, we didn't want to make just another general
purpose relay. We wanted to make the best. Now we have it.
The new GP1 gives you everything standard 4 PDT,
3 amp relays do. Plus a lot more. Contacts rated at 1/10
horsepower, 240 volts AC. Opposite polarity capability.
Largest selection of contact types.
And you can buy it at a price competitive enough to make you
the company hero.

With every order of Clare General Purpose Relays, you get * Competitively Priced
something no other company can offer. The Clare guarantee 5 E\;:esrtci::gr%ggggle Wi
of outstanding service. The new GP1. Only from Clare. e 4PDT

The first of a complete line of Clare General Purpose Relays— e 3amps—1/10 HP Contact Rating
all fully interchangeable with existing types. * Opposite Polarity Capability

For full information, circle Reader Service number, call your e Dgsigned for U/L Recognition
Clare Sales Engineer or local Clare Distributor. Or write : i:f;g:gangXgez DC
C.P.Clare & Co., Chicago, lllinois 60645 . ..and worldwide. Coil Voltages

LOOK FOR CLARE ON GENERAL PURPOSE RELAYS

®
a GENERAL INSTRUMENT company

INFORMATION RETRIEVAL NUMBER 15
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Ambitious space astronomy
program proposed to NASA

A group of the nation’s leading
astronomers has proposed a long-
range space astronomy program
for the 1970s.

The group, which makes up the
‘Astronomy Missions Board of the
National Aeronautics and ~ Space
Administration, was asked by
NASA in the fall of 1967 to con-
sult the scientific community and
to:

m Formulate the major unsolved
problems of astronomy.

m Define the measurements from
space that would assist in their
solution,

m Specify the types of instru-
ments, spacecraft and missions
needed to perform the required
measurements.

The board recommended guide-
lines for “minimum balanced opti-
mum programs.”

A minimum balanced program
was defined by the board as “a
vigorous national space program
utilizing the Ileading research
teams in the field. This program
would cost about $250 million a
year in the mid-seventies.

The optimum program would
proceed at the fastest possible rate
consistent with available scientific
and technical “manpower” and
would cost $500 million in the same
time period. Current expenditures
in space astronomy average some-
what above $125 million a year.

The board recommended the
following:

® An increased effort in X-ray
and gamma-ray astronomy using
Explorer spacecraft with substan-
tially larger payload capability.

m An optical ultraviolet astron-
omy program leading toward the
Large Space Telescope in the
1980s.

= Research and development of
detectors and small cooling systems
for infrared astronomy from space-
craft to complement ground and

aircraft observations.

m QObservation of astrophysical
objects in the long-wave radio por-
tion of the spectrum, which may
require a six-mile-wide rhombic
wire antenna developed in space or
on the moon.

m More sophisticated spacecraft
to extend observations of the solar
surface and to study the effects of
solar activity on the earth.

® Continued observations of the
planets from earth orbit using
Orbiting Astronomical Observa-
tories and the Small Astronomy
satellite.

m More advanced observation of
the interplanetary medium, cosmic
rays and magnetic field with
astronomy instrumentation on
planetary and Explorer spacecraft.

First ion-implant device
being offered by Hughes

Ton-implantation MOS integrated
circuits have finally become a com-
mercial reality.

According to Irwin A. Lucks,
MOS product marketing manager
at Hughes Aircraft Co., Newport
Beach, Calif., a 64-bit dynamic
shift register is now available in
limited quantities. The major ad-
vantage of the ion-implantation
technique is that faster circuit
speeds are possible, due to the al-
most entire elimination of para-
gitic gate overlap capacitances.
The conservatively quoted speed of
the Hughes LISR 0064 dynamic
shift register is 20 MHz. Speeds of
30 MHz have been measured in the
laboratory on some samples. This
compares with average quoted
speeds of 5 to 10 MHz for devices
without ion implantation.

The price of the new devices
will be about 109% higher than for
standard MOS devices, Lucks says.

An additional feature of the

ELECTRONIC DESIGN 24, November 22, 1969

Hughes shift register is that it is
bipolar compatible.

The price of the new devices
will be about 10% higher than for
standard MOS devices, Lucks says.

He reports that during the first
half of 1970 Hughes will be intro-
ducing a dual 64-bit dynamic shift
register as its second ion-implanta-
tion device. This is to be followed
by three more products later in
the year.

Navy to modify plans
for extra-If network

Against mounting criticism of
its plan to wire up a large part of
Wisconsin as a global extra-low-
frequency communications center,
the Pentagon now reports a
“technological breakthrough” will
permit a less ambitious approach.
Further, military officials have dis-
closed in Washington that other
cities outside Wisconsin are under
consideration. No details of the
breakthrough have been given.

Navy officials are said to require
the extra-low-frequency communi-
cations system—called Sanguine—
to assure greater flexibility in
transmitting orders to fleet bal-
listic-missile submarines at sea.

Transmissions from present
high-power, low-frequency naval
stations in the states of Washing-
ton and Maine can be received by
U. S. submarines only while at
periscope depth or at greater depth
only if they employ a float-support-
ed wire antenna. Both methods re-
strict operational capability, since
the Polaris nuclear subs are be-
lieved capable of operating to
depths of 1500 feet.

As originally planned, some 26
counties, or 20,000 square miles—
nearly the entire northern part of
Wisconsin—would have been im-
planted with a cross-wire grid to
carry very-low-data-rate, extra-low-
frequency signals produced by a
chain of several hundred transmit-
ters. Total power output was to
have been at the “multimegawatt”
level. That area was selected be-
cause it sits atop a prehistoric
mountain range of impressive size
and of solid rock. Projected cost
was estimated at $1.5 billion.

Now the Pentagon says the
Navy believes it can reduce the net-
work area by two-thirds and em-
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ploy ‘“much smaller, lower-power
transmitters.” It also asserts that
the original system concept never
really was to have been built.
Rather, it served as a ‘“base line”
for subsequent research.

Deputy Defense Secretary David
M. Packard has disclosed approval
of a Navy request for $20-million
in additional funds for Sanguine
R&D in fiseal 1970. Roughly $38-
million has been committed to date
for the project.

Savings envisioned
in connector field

For users of connectors and
switches, the news from two recent
enginering meetings is all good.

A speaker at the International
Nickel Co. Corrosion Conference in
Hasbrouck Heights, N.J., reported
that design techniques should al-
low the use of base metals for elec-

trical contacts in applications
where gold plate is now the
standard.

And industry and Government
spokesmen at the Second Annual
Connector Symposium in Cherry
Hill, N.J., said that long-awaited
relief from connector proliferation
is at last in sight.

The high cost of gold, plus a
variety of technical problems in
producing top-quality gold plating,
make base-metal contacts an at-
tractive alternative. Research is
under way, and engineers attend-
ing the International Nickel con-
ference got a firsthand account
from Dr. Morton Antler of the
Burndy Corp. Research Div.

Future connector developments
not requiring gold, Dr. Antler said,
will depend on making full use of
such variables as pressure, smooth-
ness and corrosion-inhibiting treat-
ments to penetrate base-metal sur-
face oxides and thus provide a de-
pendable connection.

Present designs rely principally
on the inert chemical properties of
thin gold plating. Base-metal plat-
ings can be thick.

A Pentagon staff engineer, Les-
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ter Fox of the Office of Assistant
Secretary of Defense, told of a
new military standard for connec-
tors that will be coming off the
Government presses soon. It lists
“connectors preferred for use in
new designs.”

Although covering only circular
connectors at its first printing, the
new standard is expected to in-
clude all other connector types
(rack and panel, PC board, flat
cable, rf and edgeboard) within
the next five years, according to
Robert Tonar, project engineer
with the Defense Electronics Sup-
ply Center in Washington.

Also in the works is a standard-
ization document by the Electronic
Industries Association for com-
mercial and industrial edgeboard
connectors. A member of the EIA
standardization committee—Max
Peel,, chief design engineer for
connector products, Texas Instru-
ments, Inc.—said he expected the
new guidelines to be effective by
the end of 1970.

The proposed document will es-
tablish mounting configurations,
set values for four functional con-
nector levels, recommend qualifi-
cation tests and stipulate accept-
ance testing and acceptable quality
levels.

Computers speed up
the practice of law

Describing lawyers as ‘“having
both feet planted firmly on the
ground and both eyes pointed to
the past, F. Reed Dickerson, pro-
fessor of law at Indiana Univer-
sity, declared the computer design-
er is forcing them to do an about
face and speed up.

He spoke of this new aspect of
computer use at the Joint Confer-
ence on Mathematical Aids to De-
sign held recently "at Anaheim,
Calif.

The computer is having a strong
impact on law and lawyers. Tax
returns have been programmed for
the speedy computation of mini-
mum tax liability. Estate planning
and tax strategies can be pro-
grammed.

Courts are using computers to
schedule trials, keep juror lists
and assign attorneys ot indigent
defendants. Computerizing of title

searches can simplify what is now
a time-consuming process, although
identification of land parcels may
be complicated.

Information retrieval applied to
statutes and decisions are now in
the early stage of implementation.

Problems of privacy and liability
will grow out of computer use and
constitute a whole new branch of
law. But Prof. Dickerson empha-
sized that the application of com-
puters is opening a whole new area
in the law.

New bipolar process
developed at BTL

A new, isolated lateral transis-
tor structure requiring only three
photolithographic masking opera-
tions was introduced at the Inter-
national Electron Devices Meeting
by V. J. Glinski of Bell Telephone
Laboratories, Murray Hill, N. J.

The new structure is said to of-
fer great potential economy over
present standard bipolar process-
ing, which requires seven or more
masking steps.

Speaking at the 3-day confer-
ence in Washington, Glinski de-
scribed the new IC transistor as a
shallow nonselective p-type base
region diffused into a lightly
doped p-type substrate, with n-+
emitter and collector regions si-
multaneously diffused into and
through the base region. The new
process can be used to form tran-
sistors, resistors, and cross-unders.

Glinski says that transistors
made this way occupy as little as
500 square microns of area. Char-
acteristics are roughly hyy = 85
and peak f; — 0.12 GHz at 0.5mA
for a typical device. He has built
active nonlinear loads up to 200
kQ using the process and says that
resistors with values as high as
4 kQ can be fabricated within 600
square microns of area.

GE decides to ‘unbundle’

General Electric Co., which de-
cided two months ago not to sepa-
rate pricing of computer products
and services for office uses, an-
nounced that it will separate them
for computers that control indus-
trial processes.
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Looking for a special power supply system?
Acopian will ship it in just 9 days!

When you're looking for a multiple-output power
supply system, and you need it in a hurry, look no
further. Acopian will design it, build it, test it, and
ship it...fully wired...in just 9 days!

Call ‘hot line’ 215-258-5441. Simply tell us the
DC voltages and currents you need. We'll discuss—on
the phone—the power modules, the panel size, acces-
sories such as meters, terminations, test jacks, rotary

switches or any other feature you feel is important.
Then—on the phone—we’ll give you a firm price—and
get the order going for guaranteed 9-day shipment.

Others make promises. Acopian makes power
supplies. Power modules in 3 days, and now power
systems in 9 days. For immediate service, call 215-
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258-5441. For literature, write Acopian Corporation, I%W

Easton, Pa. 18042.




i |

a little something

~ years of experie . the devel-
‘opment of miniature industrial
‘potentiometers, we've found that

many special purpose designs
soon establish an array of stand-
ard applications. Today, Centra-
lab pots are relied upon for test
and measurement instrumenta-
tion, communications, medical
equipment and other exacting
applications.

Many of your present require-
ments might be satisfied by our

Size: 5/32" to 5/8" diameter
Carbon composition resistance.
Bushing mounted units also avail-
able with wirewound resistance.

Some models provide switching
capability.

Our miniature potentiometers
represent just a small share of our
entire capability, which includes
custom designs for a wide variety
of unique applications.

‘special for everybody

INDUSTRIAL DISTRIBUTORS AND | ATIONALLY THROUGH
GLOBE-UNION INC. — INTERNATIONAL DIVISION.

é ¥

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201

CENTRALAB PRODUCTS ARE MARKETED
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Electronics in 1980—as experts see it

Ralph Dobriner
Chief News Editor

Will this nation be able to cope
with the expected science and tech-
nology ‘“explosion” in the decade
ahead ? What kind of improvements
can we expect in future computer
systems? Where will today’s mil-
lion-megawatt lasers be used?

These are some of the questions
that furrowed brows when corpor-
ation executives gathered late last
month at the Waldorf-Astoria Ho-
tel in New York City to hear sci-
entists and engineers make edu-
cated guesses about the next 10
years.

The two-day meeting, called
“Technology Forecast for 1980,”
was sponsored Oct. 30-31 by Poly-
technic Institute of Brooklyn.

Reading like a “Who’s Who” of
science and technology, more than
20 scientists and engineers from
some of the top corporations in the
U. S. presented views on a variety
of subjects—from computers to
cryogenics and from integrated cir-
cuits to lasers.

Speakers included Dr. Harvey
Brooks, dean of engineering and
applied physics at Harvard Uni-
versity; Jerrier A. Haddad, IBM

vice president for engineering; Dr. [

John R. Pierce, executive research
director at Bell Telephone Labora-
tories; Dr. Willis A. Adcock, vice
president for strategic planning at
Texas Instruments; Dr. Robert
Kingston of MIT’s Lincoln Labo-
ratory and Dr. Brian Thompson,
director of the Institute of Optics
at the University of Rochester.

Their views are covered in the
following pages.

A catastrophe due
for R&D in U.S.?

A kind of Malthusian catastro-
phe for the nation’s science and
technology is foreseen by Dr. Har-
vey Brooks, dean of engineering
and applied physics at Harvard
University. Just as there is a wide-
spread belief that the world’s popu-
lation growth will far outdistance
the available food supply, Brooks
believes that the rapid growth in
science and technology during the
next decade will sorely tax the na-
tion’s ability to fund these R&D
programs.

The exploitation of a technology,
he observes, requires considerable

capital investment beyond the costs
of research and development. The
bottleneck is not really R&D costs
but the proportion of successful
development efforts that can be
brought to the market.

Research and development ex-
penditures, says Brooks, today are
nearly 20% of the rate of capital
investment in the country. It seems
plausible, he notes, that the death
rate among exploitable ideas will
rise rapidly as development effort
presses upon investment rate.

A key question, according to
Brooks, is whether the nation can
afford this “high mortality rate of
unused opportunities,” especially
when increasing scientific knowl-
edge should make it possible to
choose among potentially attrac-
tive technological opportunities at
a much earlier stage in their evo-
lution.

Just as most nations are con-
fronted with the “guns or butter”
dilemma when contemplating war,
so will they increasingly be faced
with the economic necessity of al-
locating their finite resources—be-
tween solving air and water pollu-
tion problems, promoting space
travel or developing high-speed
ground transportation systems.

Top corporation executives ‘‘tuned in" on experts at technology forecast symposium.

< INFORMATION RETRIEVAL NUMBER 17

9]
i



NEWS

(forecast, continued)

Brooks also points to an equally
important problem: the growth of
different technologies that increas-
ingly impinge on each other and on
the environment.

For example, the continuing in-
crease of population and of per
capita income imply very rapid
growth of many industries that
contribute to pollution. This will
have two effects, Brooks says.

One will be to produce more and
more social pressures for the con-
trol of technology, both old and
new, and its further proliferation.

In the past, he observes, tech-
nology was permitted to prolifer-
ate because it was generally ac-
cepted that its benefits outweighed
its undesirable social, environmen-
tal or biological side effects. Now,
there is increasing pressure toward
shifting the burden of proof.

For this reason, Brooks predicts
that the social barriers to innova-
tion are likely to rise very rapidly,
both through direct regulation or
control, and through increases in
the costs of proving the innocence
of technology.

The second effect of technologi-
cal overgrowth, however, according
to Brooks, will be to greatly in-
crease the demand for technologies
that reduce the environmental con-
sequences of existing or new tech-
nology.

“Society,” he says, “will be will-
ing to pay more for the benefits
of technology through choosing

more costly technologies which
generate less pollution, for ex-
ample.”

He foresees a rapid development
of research and monitoring tech-
niques designed to anticipate or de-
tect the effects of technological
change at a much earlier stage
than is possible now.

ICs are entering
the dynamic teens

Integrated electronics is just ten
years old, and forecasting its prog-
ress during the next decade, says
Willis Adcock, vice president at
Texas Instruments, is like “fore-
casting the teenage experiences for
a ten-year-old boy.”

26

Nevertheless, Adcock proceeded
to forecast some major trends that
are likely to affect the integrated-
circuit industry during the next
decade. He predicted:

m A continuing trend to ever
higher levels of integration and
the use of MOS-type devices of
high complexity. Today, the aver-
age number of circuits per chip is
below 10, and circuits of several
hundred have been made in small
quantities. By 1980, the number of
circuits per chip will reach several
thousand.

m Reliability will continue to in-
crease with higher levels of inte-
gration. Today, the reliability of a
typical 8-gate-per-chip function is
from 0.004 to 0.003 failures per
1000 hours of operation.

m A greater need for computer-
aided automation techniques for
the design, manufacture and test
of highly complex circuitry.

m The continuing emergence of
silicon as the dominant semicon-
ductor material.

One of the main forces behind
integrated electronics and ever
higher levels of complexity is the
cost of interconnecting packages
into the final system. New high-
density interconnection methods,
using batch fabrication techniques,
will bring the cost down consider-
ably, Adcock says.

He believes that the economics
and reliability associated with com-

DR. WILLIS A. ADCOCK

plex ICs “provide the basis for
predicting that semiconductor prod-
ucts will be widely used in the
random-access computer memory
market.” During the past decade,
solid-state devices have had great
impact in the logic area; and mag-
netic devices—ferrite cores in par-
ticular—have dominated the ran-
dom-access memory market.

By 1980, over three-fourths of
U. S. electronic circuits will be in-
tegrated, Adcock predicts. “This
will require a tenfold increase in
the number of integrated circuits
for a total of four-billion functions
per year.”

He continues, “When the num-
ber of circuit functions per chip
reaches the thousand level, com-
puter-aided automation techniques
will become mandatory for the de-
sign, manufacture and test of
highly complex circuitry.

“Out of the response,” he says
“to this challenge for application
of design automation will come the
innovations of the Seventies and
the groundwork for the innova-
tions of the Eighties.”

The mass fabrication of complex
circuits wusing photolithographic
techniques has reached a high level
of refinement, Adcock notes. He
predicts more refinements in the
resolution capabilities of the photo-
lithographic techniques that are
used to determine the patterns for
diffusion and metallization.

“The geometrical resolution,” he
says, “is the key factor for device
performance and circuit density.
These refinements in resolution are
already approaching optical limits,
and further improvements will
come about using electron-beam
beam techniques. This should im-
prove resolution by a factor of 5.”

Adcock sees a bright future for
hybrid circuit technology.

He cited as an example a 104-
gate, 32-bit active-element memory
with a read time of 7 ns and a
write time of 10 ns. The package
has 36 pins and dimensions of 0.6
by 1 inch. Both the package and
chips use two levels of metalliza-
tion.

This is an example, he noted, of
hybrid technology using high-level
chips and a high-density intercon-
nection technique on a ceramic sub-
strate in place of a printed circuit
board. The ultimate need, Adcock
says, is to interconnect all the ac-
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NEWS

(forecast, continued)

tive circuits on a silicon slice.

He also predicts that in the
decade ahead more and more digi-
tal circuits will be designed to
perform operations formerly done
with linear circuits.

Communications:
A dazzling pace

Some 15 years ago, before the
advent of the space age, John R.
Pierce, executive director at Bell
Telephone Laboratories, predicted
the practical use of communica-
tions satellites. Now, in 1969, he
zeros in on cable television, Piec-
turephone service and communica-
tions with computers as areas that
could have a revolutionary effect
on communications technology dur-
ing the next decade.

Cable television, he notes, start-
ed as a potential revolutionary de-
velopment but got bogged down in
regulatory difficulties. “If these
ever get solved, it could provide us
with a medium that is as different
from television as television was
from movies,” Pierce says.

“It’s a medium in which you can
have 20 channels into the home.
Instead of wondering how to pro-
duce programs expensive enough to
beat out other programs, broad-

DR. JOHN R. PIERCE
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casters would be wondering how
to produce programs cheap enough
to use up the extra channels.”

Cable TV in suburban areas
costs as much as installing a good
TV antenna on every rooftop—
and is a lot less unsightly, Pierce
adds.

He cited the Picturephone as
another potential revolutionary de-
vice. It was developed by Bell Tele-
phone Laboratories about 10 years
ago but didn’'t get off the ground.
Now a transistorized commercial
version will be marketed in some
areas in 1970. Pierce predicts its

eventual widespread use in the
business and well-to-do market
areas.

He observes that the leading

factor that will cause a revolution
in communications, during the next
10 years, is getting into real use
things that we now have in prin-
ciple. This would include medium
and large-scale integration into
Picturephones, telephones and oth-
er communications.

“The other revolution that we’re
in the midst of is the growth of
computers,” says Pierce. What we
are seeing now, he says, is not big-
ger and better computers but in a
way smaller and better computers
and special-purpose machines. The
general-purpose  computers, he
notes, just don’t work very well;
they are too hard to use.

“Data communication and com-
munication with computers have
been held up for a decade by a
lack of cheap, reliable, small ter-
minals. As a matter of fact, if the
price of small powerful computers
keeps going down,” Pierce says,
“pretty soon the terminal will cost
more than the computer.”

He cited the single-case teletype-
writer as an example. “It costs the
computer manufacturer about $500
dollars and it isn’t exactly what
you'’d want in your home. It's too
big, isn’t reliable enough and re-
quires too much maintenance.”
Pierce hopes that this obstacle will
be overcome before 1980.

Will we have voice input for the
computer? Pierce thinks not, but
refuses to elaborate. He does, how-
ever, foresee voice output when
bandwidth reduction techniques
make it practical to store voice in
digital form instead of on analog
tape—which “is a sort of unpleas-
ant liaison for a computer.”

Pierce notes that present tech-
nological resources, and especially
integrated circuits, can provide
new switching, data handling and

transmission capabilities where
these can be used.
He foresees more electronic

switching and probably time-divi-
sion switching. This, he says, may
be combined in some way with
message switching in exploiting
broad-band transmission channels.

Transmission costs will be scaled
down considerably, according to
Pierce, “ if we get lots of informa-
tion to transmit.” This he says,
could be brought about through
the use of domestic satellites, wave-
guides and lasers.

Satellites can provide lots of
communications if frequencies
above 10 GHz are used—hundreds
of millions of telephone circuits.
The problem here is solving the de-
lay and echo that would be prohibi-
tive for telephone circuits, but
maybe not for one-way Picture-
phone communications, Pierce ob-
serves.

Advances in the use of terres-
trial communication systems above
10 GHz await progress in micro-
wave integrated circuits and in the
application of the solid-state art.
Waveguide systems are being held
back, not by technology but by the
fact that we don’t have large
enough cross sections.

Laser systems of large capacity,
says Pierce, will become technically
feasible and perhaps in use by
1980, depending on advances in
semiconductor lasers and in inte-
grated optical circuitry.

For computers,
only way is up

What will computer technology
be like during the next decade?
Jerrier Haddad, vice president of
International Business Machines
Corp., sees across-the-board im-
provements in hardware, software,
programming, in digital data com-
munications and in application in-
genuity. He forecasts:

= A “roughly” fivefold improve-
ment in the best performance of
computers every five years.

® Fivefold improvement in the
cost of computer systems to the
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(forecast, continued)

user (for a given performance)
every five years.

m Continued improvement in the
capacity of on-line storage sys-
tems and their performance.

m Increase in the performance
and function handling capability
of programming systems—most
probably by breaking the problems
down into subsystems.

m  Batch-fabricated electronics
that allow less and less expensive
data entry and terminal equipment.

® Improvements in the cost and
reliability of digital data communi-
cations, independent of distance.

In addition to these technological
advances, Haddad believes that, as
computers pervade the everyday
life of more and more individuals
and organizations, they’ll affect
human, as well as legal and eco-
nomic, relationships.

“Clearly we can’t forecast for
1980 without these considerations,
too. These relationships are more
complex, are deeper in effect than
those items we can resolve in the
laboratory. I believe that this is a
strong motivational element which
will sway the direction and the in-
tensity of technical progress in the
next decade,” Haddad says.

The thrust of technical progress
in the last two decades, he notes,
has seen an improvement of be-
tween three and five or three and
six in the power of the computer
for every dollar of cost to the user,
in each five-year period. Similarly,
the raw performance of ‘“horse-
power” of the computer has im-
proved by a factor of somewhere
between three and five in each five-
year interval.

“We can’t look forward forever
to increasing circuit performance
because of things like speed-of-
light limitation, or heat-per-cubic-
inch limitation. Nevertheless, we
can still see two or more rounds of
performance improvement which
may be technically feasible on a
laboratory basis and probably on a
commercial basis.”

By the end of the decade, Had-
dad believes, subnanosecond cir-
cuitry should be practical. Along
with electronic elements of higher
speed, he foresees a continuation
of the trend to parellelism of com-
puting functions coupled with im-
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provements in the technology.

Looking ahead at the manner in
which computers will be applied,
he believes there will be an ever
increasing requirement to put more
of the data base of a business on
line. “This not only means higher
storage capacity of a file storage
nature as opposed to a working
memory or scratch-pad memory,
but it also means the need for
higher performance in terms of
data rate and in terms of access
speed,” Haddad says.

“While there’s no question,” he
notes, “that improvements to the
electromechanical storage devices
will occur, we can’t assume that
electronic nonmechanical devices
won’t come upon the scene as well,”

The mechanized data base will of
necessity embrace a very wide
range of technologies. Most import-
ant, this data base will be man-
aged as a subsystem and be avail-
able to users on a priority basis
and with security safeguards.

Perhaps the most difficult pro-
jection, according to Haddad, is the
programming of software. “Of all
the elements of the computing sys-
tem,” he says, “programming is
that element which has the least
developed scientific or technical
discipline base. Therefore, it is
very difficult, if not impossible, to
design to a specification or even to
measure the performance once you
have the program developed. Since
software is becoming so sophisti-
cated and since so much of the de-
sign of the computer system is in
the software as compared to the

hardware, people in the computer
field are very much aware of the
neeessity to improve the theoretical
base. I believe it will happen, be-
cause so much depends on it.”

Programming systems, he says,
must be developed that are far
more complex and efficient than
they are right now. But even to-
day, the size and complexity of
some software systems are so great
that no one man can know and be-
come expert in the whole system.

As Haddad sees it, the only prac-
tical course is in the development
of subsystems that have rigidly
defined and rigidly enforced inter-
faces. Naturally this will require
agreement as to which function
should be in which subsystem now
and as new functions are developed
in the future.

“All in all,” says Haddad, ‘“hu-
man intellect must bring discipline
to a field which doesn’t have disci-
pline enforced on it by nature’s
laws.”

Lasers, lasers
everywhere . . .

“By 1980 there will be optical
and infrared laser sources which
will generate any chosen frequency,
or wavelength, or color; preset-
table or tunable at will.”

This optimistic prediction was
made by Robert Kingston, head of
the opties division at MIT’s Lin-
coln Laboratory. He further fore-
cast that the powers available will
be comparable with those from
radio-frequency devices and, in
many cases, orders of magnitude
larger for pulsed sources.

The waveform or time distribu-
tion of short pulses, he continued,
may be shorter by orders of mag-
nitude than those available to the
radio engineer, “thus allowing the
ultimate in distance and time meas-
urements.”

Kingston believes that the appli-
cation of lasers will continue to
grow. “It makes available novel
heating and fabricating techniques
from precious cutting of materials
to welding and perhaps tree trim-
ming. It can yield rapid and pre-
cise measurements of distance or
provide spectrometric measure-
ments throughout the infrared and
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into the ultraviolet. It can measure
time to 10-'2 seconds and provide
three-dimensional pictures.”

Kingston concentrated on several
recent developments in the areas
of power, wavelength, and choice
of waveform as having particular
significance in the next decade.

Although limited to small frac-
tions of a watt of continuous pow-
er in early devices, a carbon diox-
ide laser operating at 10 microns
or 0.01-mm wavelength in the in-
frared has delivered 10 kW of
power.

In the visible region, the argon
laser may produce over 100 watts
during the next year, Kingston
says. In fact, it is possible to fore-
cast powers at the kilowatt and
higher levels for future continuous
wave levels regardless of wave-
length region.”

As for peak powers in narrow
pulses, the laser has a fantastic
record, Kingston notes.

A neodymium-doped glass laser
has produced pulses of 17 terawatts
or a million megawatts, with a pulse
duration of only three times 10-'2
seconds. These pulses have actually
created air breakdown at optical
frequencies.

It is difficult to predict the ulti-
mate limit in these powers, he
says, since they are presently
limited by breakdown or destruc-
tion of the optical materials in the
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laser.

On the subject of available wave-
lengths, Kingston observes that
the laser has now completely
bridged the gap from the micro-
wave region through the infrared
and into the ultraviolet.

Several techniques are now
available for producing any desired
wavelength. These include:

m Harmonic generation and mix-
ing where the intensity of the laser
beam is such as to produce non-
linear effects in a solid or liquid.

m Varying the chemical constitu-
ents of the laser to control the
wavelength.

m Mechanical or thermal tuning
of the resonant cavity to produce
fine tuning of the frequency with-
in the material’s range of opera-
tion.

m Use of organic dyes offering
an infinite choice of frequencies in
the visible region.

These techniques, says Kingston,
make it possible to predict that
“with an established requirement,
sources may be developed which op-
erate at any desired fixed wave-
length and they may be fine-tuned
about this wavelength with ease,
just as in radio and microwave
systems.” .

The last significant area covered
by Kingston is that of pulse-length
control, or the technique of gener-
ating extremely short pulses of
light for measuring distance or
studying rapid events.

He predicted the eventual use of
these pulses, which are the order
of several picoseconds (10-'2 sec-
onds) long in digital techniques as
well as photography or measure-
ment of fast events.

Progress, finally,
for holography

‘A somewhat pessimistic view on
progress to date in holography was
offered by Prof. Brian J. Thomp-
son of the University of Roches-
ter’s Institute of Optics.

In Thompson’s view, ‘“We have
been so carried away by the scien-
tific fascination of the holographic
process that we have failed to de-
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fine the science, determine the
technology and create the correct
environment for real progress
toward significant applications.”

He noted that during the past
20-year history of holography, over
800 papers have been written by
some 500 authors. The results of
this considerable expenditure of
manpower so far have been disap-
pointing.

Nevertheless, Thompson sees a
bright future for holography. The
most exciting area and the one
where the commercial payoff looks
most attractive, he says, is in data
storage and retrieval.

Placing a multiplicity of images
on a single frame of film was an
early holographic application. How-
ever, the signal-to-noise problems
and the high resolution necessary
to store the hologram made this
application little more than an in-
teresting scientific experiment.

Recently the search for new re-
cording materials and techniques
is starting to change this situation,
Thompson observed.

In a recent experiment, 1000 ex-
posures were stored on the same
area of photographic film by re-
cording each as a uniquely coded
hologram. However, the objects
considered were only point objects.
Signal-to-noise was 10 dB for any
individual image.

Thompson speculates that a
thousand 8-1/2-by-11-inch pages
might be stored in a recording

medium only 1 em? in area and 1
cm thick.
Alkali-halide crystals having

photosensitive color centers are
being evaluated for line copy and
color image storage. Photochromics
are also being worked on actively.

Several laboratories, he noted,
have been studying the use of so-
called Curie point writing on ferri-
magnetic intermetallic compounds,
particularly manganese bismuth.
Exposure to light produces mag-
netic domains in the material be-
cause of heat produced in the film.
The magnetic hologram can be read
out by making use of the magneto-
optic effect and the material can
be erased and re-used. Resolution
of 2000 lines per millimeter has
been predicted.

Thompson sees the eventual use
of this particular technology in an
optical computer memory with
storage of 100 million bits per
square inch.

These applications, he empha-
sized, are purely speculative.

An experimental optical memory
reported upon by IBM could lead
to a computer storage device 1000
times faster than today’s disc and
drum, Thompson says.

The system uses a laser beam
to project blocks of information
contained in the hologram onto a
light-sensitive detector. More than
100 million bits of computer infor-
mation could be sorted on a nine-
square-inch holographic plate.

Holographic displays are very
clearly tied to the problem of stor-
age, according to Thompson. “Pro-
jections of three-dimensional im-
ages so that they can be viewed by
theater audiences and the not un-
realistic question of 3D television
are problems that are not yet solved
or even close to being solved.”

Computer-generated holograms
may have a special role to play in
the visual display field, Thompson
observes. Images of hypothetic ob-
jects can be produced, or a given
hologram may be scanned, fed into
a computer, modified, and read out
and then displayed to give control
over the image.

A specific application would be
in aircraft landing guidance. A
three-dimensional holographic im-
age of the flight deck of an aircraft
carrier would be presented to the
pilot during landing operation. The
reconstructed image would be ma-
nipulated to account for change in
azimuth angle and glide-path angle
during landing. mm
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Plug-In Oscilloscopes
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150 MHz Bandwidth, . .
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USABLE performance to 150
MHz or 90 MHz. Combined
mainframe and plug-in band-
widths are specified at mini-
mum deflection factors with
or without probes. With . . .

Higher sensitivities are
achieved at greater band-
widths than ever before. 5
mV/div at 150 MHz, 1 mV/div
at 100 MHz and 10 xV/div at
1 MHz. With .

Each mainframe accepts up
to four plug-in units. Thirteen
plug-ins are currently avail-
able to cover virtually all
multi-trace, differential, sam-
pling, and X-Y applications.
Plus . . .

Greater convenience in all
areas of instrument operation.
Features such as Auto Scale
Factor Readout, lighted push-
button switching, and true
automatic triggering assure
faster, more accurate, less
complicated measurements.

Please turn for additional information.

ALT

CHOP

HORIZONTAL MODE
[ J [ J [ J

VARIABLE (CAL V)
TIME/DIV OR DLY TIME
TERY




7504

ONTROLS CALIBRATOR

A multi-function generator usable as a ‘‘standard”
for calibration of voltage and current GAIN, time/div,
and probe compensation. The output is DC or AC
(1 kHz or variable) voltage or current (fixed at 40 mA).
The amplitude accuracy is within 1% and the time
accuracy is within 0.5% at 1 kHz.

ist “A” sweep, “B” sweep,
independently. A single-
ar astigmatism adjustment,
inder complete the control

TRIGGERING

The signals from both vertical plug-
ins are coupled through a main-
frame logic circuit and made avail-
able to each horizontal plug-in, se-
lectable from LEFT channel, RIGHT
channel, or slaved to VERTICAL
MODE. The latter frees the opera-
tor from manual source changes
during single-trace operation and,
in conjunction with the P-P AUTO
TRIGGER MODE in the time-base
units, provides true hands-off trig-
gering during routine measurements.

FOUR PLUG-IN CHANNELS

The modular approach is the answer

to instrument flexibility. With dual-

trace switching in the mainframe

amplifiers, each plug-in can be

:_‘_ :' ! et : ‘“specialized” in function and oper-

as | 9 s - ; - S ate in combination with other units.

e * Thirteen plug-ins are currently avail-

( able for the 7000-Series. Together,

g they represent the widest range of
©

performance options for multi-trace,
differential and sampling applica-
tions available today.

|

" 7A22 High-Gain
and Amplifier Differential Amplifier 7B51/7B50

MHz (2.4 ns tr) in the Bandwidth—DO to 1. MHz with. selactable) tpper 'Tlme-‘Base Units for the 7504
9 ns tr) in the 7504. 5ns/div maximum sweep speed. Operable

5 mV/di t full band andlowsris s c Seolts; singly or in combination for delaying sweep ca
S i S Min deflection factor—10 uV/div at full band- pa:i”yw AL P

width.

7811 Sampling Amplifier
Accepts the plug-in sampling heads for band-
widths to 14 GHz (25 ps tr).

7M11 Delay Line

Unit

Two 75 ns, 50-Q delay lines.
Trigger selection from either
line.

€] e}
—=
-

.

7T11 Random Sampling

Time Base

10 ps/div to 5 ms/div sweep range, accom-
plished with equivalent-time and real-time
techniques.

Triggering to 12 GHz.

:
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7704

AUTO SCALE FACTOR READOUT

A character generator senses the position of volts/
div, amps/div, time/div, polarity, and uncalibrated
variable controls, then accounts for probe attenuation
and displays the correct scale factors for all channels
directly on the CRT.

BRIGHT TRACE

The acceleration potentials are 24
kV for the 7704 and 18 kV for the
7504 for improved trace visibility.
Single-shot  photographic  writing
speed is 3300 cm/us (7704) meas-
ured with the standard P31 phos-
phor, the new C-51 camera and
10,000 ASA film. The display area

is 8cm x 10cm with a parallax-
free illuminated graticule.

DUAL-TRACE SWITCHING

Both the vertical and horizontal
mainframe amplifiers are “dual
trace” providing a unique level of
flexibility with plug-in combinations.
A relatively small number of plug-ins
can then meet a wide range of ap-
plication requirements. The CHOP
and ALT modes permit simultaneous
displays of delaying and delayed
sweep, and, through switching logic,
may be ‘‘slaved” to provide a func-
tional dual-beam type of display.

DISPLAY
Three intensity controls ad
and READOUT brightness
focus control, a screwdriy
and a two-position beam
group.

\

7A13 Differential Comparator Amplifier 7B71/7B70 7A16 Wide-B
Bandwidth—DC to 100 MHz (3.5ns tr) in the Time-Base Units for the 7704 Bandwidth—DC to 150
7704; DC to 75 MHz (4.7 ns tr) in the 7504. 2 ns/div maximum sweep speed. Operable sing- 7704; DC to 90 MHz (3
Min deflection factor—1 mV/div at full ly or in combination for delaying-sweep capa- Min deflection factor—
bandwidth. bility. width.

7A11 Captive FET Probe Amplifier
Bandwidth—DC to 150 MHz (2.4 ns tr) in the
7704; DC to 90 MHz (3.9 ns tr) in the 7504.

Min deflection factor—5 mV/div at full band-
width.

7A12 Dual-Channel Amplifier
Bandwidth—DC to 105 MHz (3.4 ns tr) in the
7704; DC to 75 MHz (4.7 ns tr) in the 7504.
Min deflection factor—5 mV/div at full band-
width.

7A14 AC Current
Probe Amplifier
Bandwidth—25 Hz to 105
MHz depending on main-
frame and current probe;
two probes available.

Min deflection factor—1 mA/
div at full bandwidth.




C-51/C-50 Trace=Recording Cameras

The cameras offer a new level of operational con-
venience for mistake-proof trace photography. The
guess work normally associated with selection of f
stop and shutter speed to match the ASA index
and trace brightness is eliminated. After setting the
ASA index, the built-in photometer allows a visual
correlation of trace intensity to the correct f stop
setting and shutter speed. After initial adjustment,
a change of f stop or shutter speed will still maintain
the same exposure. Focusing is accomplished by
two beams of light projected on the CRT which,
when superimposed, indicates optimum focus. The
insert shows the photometer spot and the range-
finder focusing images.

Two new compact trace-recording cameras have been
designed for direct compatibility with the 7000-Series
Oscilloscopes. The C-51 and C-50 cameras are basically
identical units, differing only in the lens system. The C-51
has an /1.2, 1:0.5 lens; the C-50 uses an /1.9, 1:0.7 lens.
The C-51 is recommended for single-shot photography at
the fastest sweep rates, the C-50 for more general pur-
pose applications. Photographic writing speed of the two
7000-Series mainframes with the C-51 and 10,000 ASA
film (without prefogging) is 3300 cm/us (7704) and 2500
cm/us (7504).

SCOPE-MOBILE® CARTS

The 204-2 Scope-Mobile® Cart is
specifically designed for the 7000-
Series instruments. It provides a
securing mechanism for the oscillo-
scope, nine positions of selectable
tray tilt, a large storage drawer, stor-
age for five 7000-Series plug-ins, and
large locking-type wheels.

PROBES

The P6053 is a miniature fast-rise
10X probe designed for full com-
patibility with the 7000-Series in-
struments. Input R and C is 10 M,
10.3 pF. Probe risetime is 1.2 ns or
less.

The P6052 is a passive dual-attenua-
tion probe designed for measure-
ments below 30 MHz. A sliding col-
lar selects 1X or 10X attenuation.
Input R and C is 1 MQ or 10 MQ,
100 pF or 13 pF. Risetimes are 60
ns (1X) and 7 ns (10X).

Tektronix, Inc.

e = = RN e

7704 Oscilloscope .................... $2500
7504 Oscilloscope . ................... $2000
7A11 Amplifier Plug-ln ......... ... .... $850
7A12 Amplifier Plug-In ................ $700
7A13 Amplifier Plug-In ............. ... $1100
7A14 Amplifier Plug-In . .............. .. $575
7A16 Amplifier Plug-In ... ... . ... ... $600
7A22 Amplifier Plug-In ............ .. .. $500
7B71 Time-Base Plug-ln .......... ... .. $685
7B70 Time-Base Plug-ln ............... $600
7B51 Time-Base Plug-ln ............... $510
7B50 Tme-Base Plug-In ................ $450
7811 Sampling Plug-ln ................ $450
7T11 Sampling Time-Base Plug-ln ... ... $1100
JM11 Dual Delay Line Unit ............ $250
204-2 Scope-Mobile® Cart .............. $155
C-51 Trace-Recording Camera ........... $900
C-50 Trace-Recording Camera ........... $700

P6052 or P6053 Probes ..............

U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration, call your local Tektronix field engineer or write: Tektronix, Inc., P.0. Box 500, Beaverton, Oregon 97005.



The non-catalog connector.

If you can’t buy it. We'll make it. Any kind
of printed circuit connector.

Tell us how many positions, how many con-
tacts. And what kind of shape it ought to be in.

We'll take it from there, and turn out a con-
nector for you, at a price that’s probably the
lowest in the business.

The biggest reason is our contacts—because
they’re the biggest single factor in the price of
connectors.

We put more gold at the contact area than
any plater does. But we weld it there instead of
plating it. So we use less gold overall.

As a result, our contacts are the best you can
buy. (Maybe that’s why many of our competi-

tors use them.)

We also do our own wire drawing, coining,
forming, bending, and solder plating. We design
our own tooling and mold our own plastic bod-
ies. And we assemble and test the whole con-
nector ourselves.

If you're looking for ordinary connectors
look in ordinary catalogs.

But if you want something a little special,
now you know where you can go.

Sylvania Metals & Chemicals, Parts Division,
Warren, Pennsylvania 16365.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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We make

guys who cant




components for
stand failures.

Picture yourself in your living
room in front of the TV on a quiet
Sunday afternoon. The ball’s on
the four yard line, 24 seconds to go.
Your team trails by six points but
has just made a first down.

That’s when your set decides to
burn out. And that’s when you
first mutter the words that officially
put you in the group of enraged
guys that our components are
designed to stamp out.

At Corning we make compo-
nents to please guys who can’t stand
failures. We build an extra measure
of performance into all our resistors
and capacitors to help you build
extra reliability into all of your
systems. Like you and the guys
who use your equipment, we have
to admit that we can’t stand
failures either.

Consider our tin oxide resistors,
they’re the best of the metal film
class. Because the resistive tin film is
completely oxidized and molecu-
larly bonded to the glass core, our
tin oxide resistors are imprevious to
moisture and environmental degra-
dation. No other resistor can deliver
the same stability and reliability
over load life. They offer guaran-
teed moisture resistance across all
ohmic values to set a standard of
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reliability that can’t be matched by
metal film, wire wounds, carbon
comps or metal glaze resistors.

No other resistor can give the
same value. Our tin oxide resistors
offer long term economy over metal
film, precision wire wound and
metal glaze resistors. And our new
C3 resistors, in addition to the
benefits of small case size, compete
costwise with carbon comps.

Another important Corning
development for men who can’t
stand failures is our flame proof tin
oxide resistor. Ideal for circuitry
where functions, environments and
duty cycles demand low power
resistors with excellent frequency
characteristics, our flame proof
resistors can withstand overloads of
up to 100 times rated power without
any trace of flame. And because
they open under overload, they
provide protection for your other,
more expensive components. For
this reason, plus safety, CORNING®
Flame Proof Resistors are now
being widely used in Color and
Monochrome TV receivers.

And consider our Glass-K™
capacitors. We developed them to
give you the volumetric efficiency
and economy of monolithic ceramic
capacitors, but with the much

INFORMATION RETRIEVAL NUMBER 22
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improved stability and reliability
that only a glass dielectric can add.
Our Glass-K™ capacitors are
extremely reliable for bypass and
filtering applications—the tradi-
tional capacitor failure spot.

Then consider our glass capac-
itors. There’s only one reason why
they’ve been designed into so many
major aerospace and missile pro-
grams. Only glass capacitors could
give their designers the proven
stability and reliability that these
important systems demand.

At Corning we make compo-
nents for guys who can’t stand
failures. Guys like your customers.
Guys like you. Next time you’re
designing a system, reach for your
CORNING? capacitor and resistor
catalogs and call your local Corning
authorized distributor for off-the-
shelf delivery. They’ll help you
design-in an extra measure of
performance.

If you don’t have our catalogs,
ask your Corning distributor for
copies or drop us a line at: Corning
Glass Works, Electronic Products
Division, Corning, New York 14830.

CORNING
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AT THE ELECTRON DEVICES MEETING

Memory designers looking to semiconductors

Arrays reported offering high speed, reasonable
cost and the way to improved system organization

Raymond D. Speer,
Microelectronics Editor

Semiconductor memories are
coming on strong, according to Jan
A. Rajchman, staff vice president,
data processing research at RCA
Laboratories, Princeton, N. J.
Speaking at the IEEE International
Electron Devices Meeting in Wash-
ington, Dr. Rajchman said that
there would be a major take-over
of small, fast memory applications
by semiconductor memories in the
near future.

Integrated magnetic systems—
aperture plates, buried-conductor
ferrite sheets, etc.—will fall by the
wayside, the RCA executive said.

“Even plated wire,” he went on,
“which shows signs of being eco-
nomically viable, faces severe com-
petition from semiconductor
memories. It is best suited for
small, high-speed memory systems
—precisely the area in which semi-
conductor systems do the best job.”

Core memory sales, of course,
especially in large memory systems
of 10 to 20 million bits, will prob-
ably be enhanced by the arrival of
the semiconductor systems. The
RCA expert expects vigorous core
markets in the next 5 or 10 years.

Dr. Rajchman predicted that
MOS random-access memories
would be available at roughly 2¢ a
bit in sizes up to 100,000 bits in
the next three years or so. They
will not be as cheap as core memo-
ries—which will cost roughly 1.5¢
a bit—but they will be much fast-
er, he said.

One executive at the meeting—
Vir A. Dhaka, manager of tech-
nology at Cogar Corp., Pough-
keepsie, N.Y.—agreed. He told
ELECTRONIC DESIGN that he expects
to see bipolar memory systems,
such as Cogar plans to sell, going
for as little as 10¢ a bit in 1972-73.
These systems, he says, will have
cycle times as low as 40 or 50 ns
and will be available in up to
100,000-bit capacities. He expects
MOS systems of approximately 1
megabit capacity by 1973, at as lit-
tle as 1.5¢ a bit for n-channel MOS
arrays. The technology manager
predicts p-channel MOS cycle times
of roughly 250 ns, and n-channel
MOS cycle times of only half this
figure.

Dhaka pointed out that few
vendors have used the n-channel
MOS technology because of process
stability problems. Cogar intends

to pursue this approach, he said,
precisely because it will enable the
company to build devices and sys-
tems of higher speed. Comple-
mentary MOS, Dhaka predicted, will
be limited to special applications
where its speed and extremely low
standby power are required, such
as in satellite systems. The com-
plementary process is too expen-
sive to allow wide use of such
devices, he added.

‘Cache’ memory possible

RCA’s Dr. Rajchman also pre-
dicted that combinations of
memories—large-capacity, slow
memories and small-capacity, fast
“cache” memories—would prove an
important application of semicon-
ductor units. The cache memory is
situated between the processor and
the large main memory, and data
to be processed is first transferred
to the cache.

The combination, with proper
design, behaves as a memory unit
with the capacity of the large
memory and the speed of the small
cache memory. This is possible be-
cause, as Rajchman puts it, “the
selection of data in a memory is
usually not random; you deal with
blocks of data, and if you put the
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Computer designers predict falling prices and rising
capacities in semiconductor memory. The vast number
of variables involved make accurate predictions difficult,
but designers expect bipolar system cycle times as low
as 40 ns by 1975, for a system cost as low as 10¢ a bit.
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P-channel MOS
to offer about

expensive. The

and complementary MOS are expected
the same system performance, with the

extremely low-power complementary circuits being more

MOS cycle times shown are for systems

employing bipolar decoding circuits.
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right block in the fast cache
memory during its processing, you
benefit greatly in speed.”

Content addressable coming?

Semiconductor memory arrays
will make small content-address-
able memories feasible, too, Dr.
Rajchman said. Semiconductor ar-
rays offer fast operation at a
reasonable cost, and the new
memory organization will enable
computers to retrieve data both by
memory address and by content, he
asserted.

In a content-addressable memory,
some of the bits of information
stored at each address are reserv-
ed, to be used as “tag” bits. When
a certain word of information is
required from the memory, all ad-
dresses are interrogated at once.
The address in which the proper
tag bits are stored is flagged by
special logic circuitry, and the in-
formation at that address is read
out.

Content-addressable organization

has not been feasible with core
memory because the need for logic
circuitry at each memory address
makes such memory exceedingly
costly.

Semiconductor integrated memo-
ries will succeed where integrated
magnetic memories have not, Dr.
Rajchman said, because they pro-
vide high speed, the technology re-
quired is available and the cost of
the large semiconductor chips is
reasonable.

“Right now,” the RCA official
said, “random-access memories of
from 16 to 256 bits capacity are in
production, at costs ranging from
25¢ to $1 per bit, depending on
their speed.”

The high speed of semiconductor
memories is also attractive. As
Charles Fa, technology vice presi-
dent at Advanced Memory Sys-
tems, Inc., Sunnyvale, Calif., points
out, bipolar memories have made
possible cycle times of as little as
40 to 50 ns. These are just not
attainable with magnetic memory.
‘And the less expensive MOS semi-

conductor memories, which operate
at roughly 1-us cycle times, now
compete in speed with the fastest
core memory. The result is expect-
ed to be a marked de-emphasis on
magnetics in the next few years.

Systems designers exult over the
advantages offered by the new
memories.

“Semiconductor memories are
marvelous,” Dr. Rajchman said.
“You have tremendous nonlinear-
ity in the flip-flops, tremendous
gain, and since the memories are
made of very pure materials and
can be easily integrated, they are
very reliable.

“The only problem that remains
is that of making contact to the
chip; this is by far the weakest
part of the semiconductor memory.
But in view of the strides made
recently in thin-film work, the
fantastic progress in diffusion
technology and enormous gains in
photolithography techniques, we
can certainly master the challenge
of connecting one chip to another.
This won’t be a great problem.” mm

Microwave diodes break kilowatt barrier

Michael J. Riezenman
Technical Editor

By stacking five avalanche diodes
in series and operating them in the
high-efficiency mode, S. G. Liu and
J. J. Risko, researchers at RCA
Laboratories, Princeton, N. J., have
obtained peak pulse powers of 1.2
kW at 1.1 GHz. The 1.2-kW figure
was obtained at an efficiency of
25.6% . According to Dr. Liu, who
described the work at the Inter-
national Electron Devices Meeting,
this is the highest power achieved
so far with avalanche devices.

Significant advances in milli-
meter-wave IMPATT diodes were
also announced at the IEEE meet-
ing. A team of scientists from Bell
Telephone Laboratories, Murray
Hill, N. J., reported the develop-
ment of 50 and 100-GHz silicon
IMPATT diodes that, together with
circuit improvements, have ad-
vanced the technology in this area.

In the avalanche-diode develop-
ment, the highest duty cycle ob-
tained with the stacked series was
0.1%. However, Dr. Liu explained
that thermal considerations were
the only real Ilimitation. This

GOLD WIRE

COPPER
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1. Over a kilowatt of microwave power
can be generated by the stack of

five avalanche diodes in the

1N23 rectifier package above. Each
pill box in the stack (enlarged in
circle) contains a single diode.
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(Microwaves diodes, continued)

means, he said, that improved
packaging techniques—such as the
use of beryllium oxide for heat-
sinking—should make higher duty
cycles possible. He expects to reach
1.0% by using BeO.

If these efforts are successful,
the stack should have applications
in such low-power areas as aircraft
radar transponders.

The series arrangement of the
diodes is better than a parallel
hook-up, the researchers said for
these major reasons:

m The devices are current-con-
trolled; so placing them in series
makes it unnecessary to match
them carefully.

m The devices have fairly low
impedances; so putting them in
series makes it easier to interface
them with the higher-impedance
external circuitry.

Diodes with breakdown voltages
that varied from 130 to 140 V were
found to work quite well together
in series. And the maximum power
put out by the five-diode stack ex-
ceeded the sum of the top powers
put out by each diode.

Stacking pills for power

In fabricating the five-diode
stack, the researchers mounted the
diodes in individual pill boxes, and
then stacked the pills in a modified
1N23 package (Fig. 1). This ar-
rangement was considered good
because it permitted the entire
stack to be treated as a single cir-
cuit component, while allowing
access to the individual diodes for
testing and replacement.

In the experimental work, the
frequency of the multiple diode
was tuned mechanically, in steps,
from 0.9 GHz to 1.3 GHz, with a
power variation on the order of 2
dB. Most of the testing was car-
ried out with 0.5-us pulses at a
repetition rate of 400 Hz. Current
pulses up to 10 A were applied to
the stack.

A major problem in getting large
amounts of power out of any ava-
lanche diode is the formation of
microplasmas. These are structural
defects that manifest themselves
as non-uniformities in the current
density across the diode junction.
Since the diodes are operated far

38

2. More than 100 mW separate the
new Bell Laboratories’ diode (dot)
from the state of the art.

into the avalanche region, high-
power operation implies tremen-
dous current densities in the diode.

If the current density across the
junction is not uniform, the higher-
density regions may overheat and
cause the device to burn out. Re-
liable high-power operation de-
mands the removal of these local
hot spots or microplasmas.

Toward this end, the RCA re-
searchers made their diodes with
very deeply diffused junctions.
Boron was diffused into an n-type
epitaxial layer of silicon to a depth
of 8 to 15 um. This resulted in
a diode with a graded p-region—
one that seemed freer of micro-
plasmas than abrupt-junction types.

Actually Dr. Liu is not certain
whether it’s the graded p-region
that eliminates the microplasmas
or simply the long time and high
temperature associated with a deep
diffusion. He reasons that a pro-
longed high-temperature diffusion
might have a thermal curing effect
on the junction, making it more
homogeneous and eliminating the
structural faults that cause micro-
plasmas.

In any event, the deep diffusion
works, because diodes diffused to
depths below 8 um were very sus-
ceptible to burnout as soon as they
were pulsed with a high current.

Millimeter-frequency advances

Dr. R. Edwards delivered the
paper reporting Bell Telephone
Laboratories’ millimeter-frequency
advances. As he explained it, most
engineers recognize that the power
available from a millimeter-wave
IMPATT diode is inversely pro-
portional to the square of the fre-
quency. The line in Fig. 2 shows

the best performance previously
available—it passes through 10 W
at 10 GHz and through 100 mW
at 100 GHz. The dot at 55 GHz
represents a 450-mW device that
operates with an efficiency of 7 to
10%. (Note that the dot at 450
mW is actually 120 mW above
the line, although the logarithmic
graph makes it appear quite close.)

In addition a 74-mW diode oper-
ating at 107 GHz was developed.
Its best observed efficiency was
2.2%.

The millimeter-wave diode de-
velopments—impressive as they
are as pure R&D efforts—have
great potential significance in com-
munications ttchnology. As Roland
H. Haitz of Texas Instruments’
Physics and Engineering Div. in
Dallas has pointed out, the diodes
have increased the practicality of
large-scale communications
through millimeter waveguide.
Haitz was particularly impressed
by the achievement of 109 effi-
ciency at 55 GHz.

Bell Laboratories has been ex-
perimenting with buried millimeter
waveguide for some time now in
anticipation of increased communi-
cations needs. The extremely high
information-carrying capacity of a
millimeter-wave carrier, combined
with the great problems of atmos-
pheric attenuation at those fre-
quencies, has made the use of
buried waveguide a viable approach
for providing long-haul communi-
cations in the future—and this de-
spite its enormous cost. The de-
velopment of efficient, vreliable,
solid-state sources has moved this
possibility a step closer to reality.

Slimming the silicon

The diodes fabricated to gener-
ate the 50 and 100-GHz oscilla-
tions, were silicon devices of the
pt-n-nt type. At these frequencies,
the parasitic series resistance of
the n* substrate is a serious prob-
lem and steps must be taken to re-
duce it.

The most straightforward way to
reduce the series resistance is to
make the substrate as thin as pos-
sible. The Bell researchers did this
by mechanically polishing the sili-
con slice prior to metallizing it.
Slices with thicknesses in the range
of 5 to 10 um were successfully
made in this manner. mm
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hot-molded trimmer for
close circuit board stacking

-
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With wheel for
side adjustment

Basic Type Y unit
shown actual size

With attachment for
horizontal mounting and
wheel for side adjustment

With attachment for
horizontal mounting

Type Y single turn trimmer is especially designed for use on printed
circuit boards. It has pin-type terminals for use on boards with a 1/10"
pattern. And the low profile easily fits within the commonly used 3/8"
space between stacked printed circuit boards.

For greater operating convenience, the Type Y can be supplied with an
optional thumb wheel for side adjustment, or an optional base for horizontal
mounting, or both. The Type Y enclosure is splash-proof as well as dust-
tight, and the metal case is isolated to prevent accidental grounding.

While featuring a new low profile, this new Type Y trimmer retains the
popular Allen-Bradley solid resistance element, which is produced by A-B’s
exclusive hot-molding technique. With virtually infinite resolution, adjust-
ment is smooth at all times. Being essentially noninductive, the Type Y
can be used at frequencies where wirewound units are inadequate. The
Type Y is rated 1/4 watt at 70°C and is available in resistance values from
100 ohms to 5.0 megohms. Standard and special tapers are available.

For immediate delivery at factory prices, call your authorized A-B
industrial electronics distributor. Or write: Marketing Dept., Electronics
Div., Allen-Bradley Co., 1201 South Second Street, Milwaukee, Wis.
53204. Export Office: 1293 Broad St., Bloomfield, New Jersey, U.S.A.
07003. In Canada: Allen-Bradley Canada Ltd.

©Allen-Bradley Company 1969

EC 69-55A W

Type ¥ with handy

snap-in panel mount,

supplied with spacers for use
on panels up to 8" in thickness

M ALLEN-BRADLEY
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The hospital comes to the patient.

Mobile coronary-care unit deveioped to bring
intensive cardiac treatment to heart-attack victims.

David N. Kaye
West Coast Editor

You may be one of the 300
lucky people whose lives are ex-
pected to be saved this year, if you
should suffer a heart attack in the
Los Angeles area served by the
special mobile coronary-care ambu-
lance being tested by Daniel Free-
man and Centinela Valley Commu-
nity hospitals.

In less than 10 minutes from
the time the doctor calls the hos-
pital, within a 5-mile range, the
patient is aboard—mnot an ordinary
ambulance but actually a traveling
hospital room with complete elec-
tronic instrumentation for diagno-
sis. The doctor or nursing special-
ist can begin treatment at once.

And speed is essential, according
to Mrs. Sandra Polin, coordinator
of the two-year study program now
in its first year. An estimated 65%
of all heart-attack deaths occur

within the first hour, and between
179% and 25% occur enroute to the
hospital in an ambulance.

Diagnostic equipment used

The cardiac monitoring and in-
tensive-care instrumentation -car-
ried on the ambulance is the same
equipment found in the normal
hospital coronary-care unit. Dal-
lons Instruments, a div. of Inter-
national Rectifier Corp. in El Se-
gunda, Calif., donated most of the
instruments.

In order to make a precise anal-
ysis of the patient’s condition on
the way to the hospital, the test
ambulance is outfitted with a five-
inch cardioscope with heart-rate
meter; a defibrillator; a pacemak-
er; an elapsed time-indicator; and
an electrocardiograph (ECG).

A cardioscope is a cathode-ray-
tube device that picks up the elec-

Dr. Walter S. Graf, chief of cardiology at Daniel Freeman Hospital and presi-
dent of the Los Angeles County Heart Association, and two members of the
coronary-care-unit team view the converted step van.
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trical signals generated by the
heart. Any arrhythmia (deviation
from the normal pattern) indicates
a problem. Each type of problem
vields its own characteristic trace
on the cardioscope.

Counting and averaging the
patient’s pulse rate is the function
of the heart-rate meter. A direct
readout of the average rate is
given, and an alarm is automatical-
ly triggered if the heart rate goes
either above or below adjustable
safe limits. At the same time, it
turns on auxiliary equipment, such
as the ECG recorder, to provide a
permanent record of the attack.

Any  electrical signals that can
be detected and displayed on a
cardioscope can be recorded on a
strip of paper by the ECG. This
permits analysis by the cardi-
ologist at the hospital of what has
transpired since the patient reach-
ed the ambulance.

When the heart ceases operating
in a normal rhythmic pumping ac-
tion, a common treatment is elec-
tric shock. The defibrillator pro-
vides a brief electric shock, some-
times as large as 3000 volts, that
makes it possible for the heart to
be restarted in a productive,
rhythmic blood-pumping action.

The pacemaker of the human
heart generates the electrical sig-
nal that causes the heart to con-
tract at the proper moment, billions
of times during a normal life. If
the natural pacemaker stops send-
ing its signals, the electronic pace-
maker in the ambulance is used to
provide the impulses to the heart.

Finally, the elapsed-time indica-
tor is a timing device automati-
cally triggered by an emergency
condition. It permits the medical
personnel to determine exactly how
long the condition has existed.

An additional but very important
piece of equipment carried on the
ambulance is a portable combina-
tion cardioscope and defibrillator.
The unit weighs about 35 pounds
and is called the Physio Control
Lifepack. It is made by Physio
Control Corp. in Seattle, Wash.
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The advanced capabl it
developed from years of 1
facturing Allen-Bradley Metal-
resistors—are now applied to a s
line of resistor networks. This technole 8y e
eénables the production of complex resistive
networks on a single substrate.

Allen- -Bradley’s exclusive simultaneous deposition
N ’method is- used to obtain the best resistance tolerance
and temperature coefficient matching. The reliability of
Interconnections on the common resistance planc is incom-
/parable. Uniformity and quality are inherent in A-B networks.
¢ To’illustrate, 2 PPM temperature tracking is normal.

A-B Metal-Grid networks offer a wide range of value
individual resistances as low as 25 ohms and as high as 30
' megohms. Both the inductance and capacitance are low, pers
mitting efficient operation at high frequencies.

For additional details, please write to Marketing Departmeént,
Electronics Division, Allcn -Bradley Co., 1201 S. Second St.,
Milwaukee, V\/leOIlbln 53204. In Canadd. Allen-Bradley
Canada Limited. Export Office: 1293 Broad Street,

Bloomfield, New Jersey, U.S.A. 07003.
BRIEF SPECIFICATIONS '
Resistor Networks Ladder Networks

Tolerances: +1.0% to +0.01% Full Scale Accuracy: 12 bits or less, .

i s better than + ' least significant bit. More
BeTe Matchinig: (o 00'005% than 12 bits, better than + % least
Temperature Range: —65 (5 to significant bit.

+175°C Frequency Response: Less than

Temp. Coef.: to +3 ppm/°C 100 nanosecond rise time or settling ti / k i E‘?j p;; :1 D ” D F Y
Load Life (Full load for 1000 hr Temp. Coef.: Less than 10 ppm/°C FARa LN nA |

@ 125°C): 0.2% maximum change Temperature Range: —65°C to +175%
©Allen-Bradley Co, 1
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Now in the Potter & Brumfield family!

Parelco cradle and

SLIMLINE relays give you
many design options

L Reliable cradle
[ * relay switches
| 4l ! l up to 8 poles

from dry circuit
“ to 10 amperes
Compact, versatile, dependable . . .
these features have won for the R10
cradle relay wide recognition in a
host of critical applications such as
computers, data processing equip-
ment and precision instruments.

Contact arrangements up to 8
PDT (AC relays up to 4 PDT) are
available. Six contact
styles including single
or bifurcated may be
specified for switch-

refay o ing currents from dry

circuit to 10 amperes.
Mechanical life is rated at 100 mil-
lion operations with electrical life
ranging from 100,000 to 100 million
operations, depending on load and
voltage.

Design innovations, resulting in
the optimum distribution between
the magnetic core, the pole piece
cross sections and coil volume, with
a low reluctance armature bearing
produce a large force-displacement
product. The result: high contact
pressure and generous over-travel.

Designers are given many options
of terminals and sockets for a wide
variety of mountings. A new, right-
angle socket (shown above) allows
for the R10 to be mounted on a
PC board at minimum height.

High density PC
board stacking is practical
with SLIMLINE" relays

The Slimline (R40) has the lowest
profile of any industrial relay avail-
able anywhere (dry reeds excepted)!
When mounted flat on a printed cir-
cuit board, its 0.43” height allows for
board spacing on 0.60” centers.

Two or four Form C contacts are
available in a package measuring
only 1.200” x 1.40” x 0.43". Select
from five different contacts with
switching capacities ranging from
true dry circuit to 10 amperes. For
low levels, bifurcated contacts may
be specified.

Choose from solder or printed cir-
cuit terminals . . . or specify sockets
having straight or right-angle termi-
nals. Coil voltages range from 3.0
VDC for IC interfacing to 115 VDC.
Mechanical life is rated at 100 million
operations. Write or call today for
complete information.

1, Small, variable
time delay will
s switch 4 PDT at

EEEN 10 amperes

Here is the only solid state variable
time delay capable of switching (with
a choice of contacts) 4 Form C from
dry circuit to 10 amperes. Our R12
Series utilizes the field proved R10
relay plus a high quality solid state
circuit. Features include: no false
operation, small size, high resolu-
tion 15-turn potentiometer, timing
ranges from 0.1 to 120 seconds (to
300 seconds on special basis).

SPECIFICATIONS
Repeatability +2%
Timing Adjustable with
15-turn potentiometer.
Reverse polarity Protected.
Timing capacitor Mil type.

For complete information about the
full line of Parelco and Potter &
Brumfield relays, call your nearest
P&B representative or write direct:
Potter & Brumfield Division of Amer-
ican Machine & Foundry Company,
Princeton, Indiana 47570. 812/385-
5251,

West Coast states, call or write
Parelco Operations, 26181 Avenida,
Aeropuerto, San Juan Capistrano,
California 92675. 741/493-4507.

STANDARD PARELCO RELAYS ARE AVAILABLE FROM P&B DISTRIBUTORS

PARELCO OPERATIONS
A

AMF

POTTER s BRUMFIELD



NEWS

(ambulance, continued)

Electronic monitoring equipment is mounted inside the van within convenient
view of personnel on either side of the stretcher. {

The nurse on the ambulance can
take the unit right into the pa-
tient’s home and, if necessary, ad-
minister treatment immediately.

An electronic monitoring system
in the ambulance can automatically
transmit the patient’s electro-
cardiogram directly to the coro-
nary-care unit in the hospital.
Two-way voice communication be-
tween hospital and ambulance pro-
vides consultative assistance if
necessary.

Past and future trends

Coronary-care-unit  ambulances
were first developed by the Royal
Victoria Hospital, Belfast, Ireland,
and since by St. Vincent’s Hospital
and Medical Center in New York
City. These vehicles are ordinary
ambulances, which contain some
extra equipment. Yet in the first
two months of service by the New
York ambulance, 77 calls were an-
swered with 74 of the victims re-
covering.

Earlier this month the Orange
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County Medical Association dis-
played, in Santa Ana, Calif., a

coronary-care helicopter. This ma-
chine, also equipped with Dallons
instruments, is the first prototype
of a flying coronary care unit. It
would be able to cover far more
territory, far more quickly, than
a land vehicle.

But many problems are yet to
be solved if helicopters are to be-
come practical. For example:

® Must the helicopter land? Or
can some kind of sling or gondola
be used to raise the patient to it?

® Must special instruments be
developed for airborne use? Or
can the standard hospital models
suffice?

m Who will pay for the use of
the helicopters?

Meanwhile, in Los Angeles, Mrs.
Polin points out, “In this pilot
program an area will be served
which has a population of about
800,000 people. Last year this area
had about 2,240 cardiac deaths. We
feel that we can save at least 300
of those people.” mm

Looking
beyond

the'specs’
with PsB

Quiet, rugged

long life
Medium Power Relay

] AB Relay

Here's a 10 amp relay you can
depend on. It's ideal for industrial
controls and similar applications
requiring rugged construction,
long life and quiet operation.
Available for AC or DC operation,
these relays have a mechanical
life in excess of three million
operations.

This series is available in two
styles. The AB, an open relay and
the ABC Series with a heavy
metal dust cover for protection
against dust, dirt and accidental
jars.

Both relays are available with
DPDT contacts or DPST, nor-
mally open or normally closed.
Equipped with .250” quick con-
nect terminals. Screw terminal
adapters are available.

Standard AB and ABC relays
carry component recognition by
Underwriters’ Laboratories and
are listed by the Canadian Stan-
dards Association. U/L and CSA
listed relays are available in the
following operating voltages: 6,
12, 24, 120 and 240 volts AC,
50/60 Hz.

ABC Relays
Heavy Metal
Dust Cover

PLUS P&B Capabilities and
Facilities that insure
= Controlled Quality ® Reliability
® Long Life ® On Time Deliveries

AMFE
POTTERsBRUMFIELD

Division of American Machine & Foundry Co.
Princeton, Indiana 47570
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U|trc1mc1hon the

vou can buld withyeur Qre hands

Honeywell’s new H112 digital controller is made
of simple, basic components. Just pick out the
ones you need and plug them in.

Start with the basic 12-bit H112 controller — 4K
ICM-160 core memory, control logic, power
supply and drawer. Costs under $5K.

Need more? Add on p-PAC logic modules.

Extra memory. A /D converters. Digital
subsystems. A unique control panel —

great for unattended installations. It moves from
controller to controller for start-up, service, or

reprogramming. Unplug the panel and nobody
can tinker with the operation.

Since all components are Honeywell's, they all go
together. No need to engineer your own
interfaces. No repackaging.

That’s Ultramation — the ultimate in controller
adaptability from Honeywell.

Find out more. Write for the new H112 Technical
Bulletin. Honeywell, Computer Control Division,
Framingham, Massachusetts 01701.

The Other Computer Company:
Honeywell



Problems with military budget

Will Nixon cut defense budget?

Let’s hope President Richard M. Nixon
likes puzzles—because he has to solve
the biggest puzzle since he took office
when he prepares the fiscal 1971 budget
request for Congress.

He has several problems to juggle. His
first goal will probably be to keep the

total under $200 billion. It has never
before passed that level. Then there is

an inflationary trend that steadily eats
into the buying power of his appropriations.
And there is a vast number of rigidly
fixed annual expenditures. In addition,
everyone is clamoring for increased
nonmilitary outlays for a number of
national projects, such as poverty,
pollution, and transportation. If he wants
a fiscal surplus next year—as he
undoubtedly does—there appears to be only
one answer: severely cut the defense
budget. Yet Washington observers who have
followed the machinations within the
Pentagon and on Capitol Hill during the
fiscal ’70 budget battles are aware that
every military cut is achieved only at

the expense of a lot of bloody noses.
Defense Secretary Melvin Laird, even while
paring $3 billion from military
expenditures, has known all along that,
with previous commitments, he would have
to seek a supplemental appropriation to
meet the needs of the current year—
possibly as much as $5 billion. And those
same Congressmen who fought so hard to
limit defense funding also are the first

to cry “political bias” when defense
cutbacks are made affecting facilities in
their states or districts.

The Nixon Administration budget may have
some built-in reduction potential. Three
programs alone yield $2 billion

plus annual decreases if they were
eliminated : the Sentinel ABM, MIRV, and
the B-1 manned strategic bomber. All could,
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ne 0' ICHARLES D. LAFOND
WASHINGTON BUREAU

and probably will, be used as cards on the
table during arms-limitation talks with
the Soviets. But there are few here in
Washington who believe that, if such
negotiations are held, they will yield
early agreement on specific strategic
weapons systems. Even 1972 may be an
optimistic date, they predict.

Army needs integrated surveillance

What the Army needs in field electronics
during the next ten years is integrated
communications systems. This is the

belief of Maj. Gen. Walter E. Lotz, chief
of the Army’s Electronics Command at Fort
Monmouth, N.J., and key note speaker
before the recent Electronic and Aerospace
Systems Convention in Washington.
(EASCON ’69)

Our ultimate need, General Lotz said, is
for systems that might unite the functions
of surveillance, target acquisition, night
vision, and navigation. He noted gains
from today’s technology, but suggested
that in retrospect our efforts are “rather
provincial.”

He recounted developments already achieved
with sniperscopes, counter-mortar radars,
and airborne viewers. “The challenge

now presented,” he said, ‘“‘is to coalesce

the capability of all of these devices into

a single integrated system to extend human
sensory preception.”

The general said that the broad family of
PCM (pulse code modulation) sets comprising
the second-generation Army Area
Communications System will be operational
within the Army in the next few years and
will greatly improve long-range reliability

and quality.

But present systems rely too heavily on
manual switching for tactical voice circuits.
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This is slow, inefficient, and costly in
manpower. A solution is under way with
the Tactical Automatic Switch system,
although this approach is not fully digital.
There are many other remedial steps being
taken, he noted, but they are all interim
steps in achieving long-range objectives.

The Mallard Project is one of the most
important of these. This integrated
approach will bring the entire Army in

the field into one single communications
design—achieving common equipment and
training among the various U.S. services
and our allies—the United Kingdom, Canada,
and Australia which will help develop

and use the system.

Side-looking radar to hunt oil

For the first time, an aircraft will employ
a side-looking radar to map a broad area
in a quest for oil. Some 20,000 square
miles along the eastern slope of the Andes
in Ecuador will be surveyed from the air

during the nmext six months. Under a $248,000

contract, Raytheon’s Autometric Operation,
Alexandria, Va., will transform the radar
imagery into mosaics and then into fully
interpreted overlays to assist geologists

in selecting potential oil sources below

the surface of the region.

Side-looking radar will be used because it
can penetrate the heavy clouds that almost
perpetually cover the area of interest.
When the mosaics are assembled, Autometric
analysts will compile overlays to depict
drainage, geology, geomorphology, soils,
and vegetation of the area.

Raytheon says the mapping will be performed

from 18,000 feet, and the aircraft will
record 6400 square miles in four hours.

Automatic mail terminal planned

A basic design contract for a fully
automated ‘“mail terminal” has been
awarded Martin Marietta’s Orlando, Fla.,
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Div. by the Post Office Dept.’s Bureau of
Engineering and Research. The eight-
month, $355,000 effort is intended to
produce a prototype design for an
advanced mail handling, sorting, and
distribution facility at a proposed new
jetport in the Orlando area in the late
"T0s or early ’80s.

Although a firm physical design for the
mail terminal will be made, only an over-
all general equipment design for the
automated hardware will be drawn up,
since most of the latter is believed to
require considerable development.

Boeing wins lunar rover contract

The Boeing Co. has won a $19-million NASA
award to build four vehicles to transport
astronauts over the moon’s surface. Bendix
was the loser but is still in competition

with Grumman for a follow-on dual-mode
roving vehicle that will be used in post-
Apollo missions in the mid ’70s.

The Boeing rover is planned for use in
the mid-"71 period and will give a limited-
range (3 to 5 mile) capability to two
spacemen. The craft’s range is actually
nearly 60 miles, but communications and
astronaut life-support consumables will
limit the trips away from the lunar module.

As prime contractor, Boeing will build

the main frame, integrate all systems, and
test the craft. The principal subcontractor

is AC Electronics Div. of GM, which will
develop the complete suspension and drive
gystem and the control system. Each

wheel will be powered by an electric motor;
primary power will be from a battery pack.
The vehicle will weigh about 400 pounds.

Aerial mass transit termed practical

A mass-transit system using vertical
takeoff and landing (VTOL) aircraft
controlled by computer is feasible
and economical, according to a
recent study made by 19 visiting
engineering professors at Stanford
University. The study was made under
the auspices of NASA and the
American Society of Engineering
Education. The system was designed
for San Francisco but could be
applied to any large urban area.
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the long line that makes
short work of today’s problems

If you have any idea that Winchester Electronics make the odd ball you want. Faster than you ever
specializes in just a special few connectors, forget it. thought possible—and in any quantity required, from

|
We make more than 31,000 different types of It the hundeads of fovands!
connectors—miniature, sub-miniature, hi-density, Want to hear more about our capabilities in the
printed circuit. In the un- connector field? Just write

likely event you can’t find WINCHESTER Winchester Electronics,

just the one you need among Main Street and Hillside
these, say the word and we’ll E LE CTR CI N . C.'. S Ave., Oakville, Conn. 06779.

DIVISION OF LITTON INDUSTRIES
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METERS
ARE OUR
BUSINESS!

Ambassador with
Taut Band Movement

Ideal Precision has a meter to
satisfy every meter need — fit
any specification — or cost
requirement.

Imperial Series

Ambassador Series

Capitol Series

Edgewise Series

Statesman Series

Diplomat Series

Moving Magnet Indicator Series
250° Long Scale Series

Plus a full line of Military &
Avionic Meters

And if you have special
applications or unique design
specifications, our Custom
Service manufactures to fit
individual specifications.

For detailed specifications and
ranges write for your free
catalog to

((5) IDEAL
PRECISION
METER CO., INC.

214 Franklin St., Brooklyn, New York 11222
Telephone: 212-383-6904
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SIDELIGHTS

Sitting pretty

A seat on top of a toy block doesn’t seem like a digni-
fied spot for the Directory Manager of ELECTRONIC DE-
SIGN . .. It’s all a fake, as you have probably guessed.
This is the first issue in which Greg Guercio’s new
Product Source Directory appears, and it’s on test in-
struments. The
block Greg is sitting
on is covered with
photos of all kinds
of instruments, and
it is only about four
inches square ; Greg
was photographed
10 feet away, the
block close up—and
Greg’s photo was
cut out and super-
imposed on the
block.

How did Greg get
into the directory
business ? The story
starts back in the
middle 50s when
Greg was working
as a representative
for an electronics
company, and he
and an associate
noted how hard it was for designers to get hold of—or
even get information about—products they needed in
their work.

The cover you never saw

Originally the cover for the
Oct. 25 issue of ELECTRONIC
DESIGN was to have shown
aluminum wires bonded to
an IC chip. The picture was
sent to us by Fairchild Semi-
conductor, Mountain View,
Calif., to illustrate the special
report in that issue, “Chip
Bonding‘ Promises and
Perils.” But before the press-
es started to roll, East Coast Editor Jim McDermott dug
up the radar story behind the recent midair collision
at Indianapolis, and a picture of the wrecked jet was
substituted at the last minute.
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_/ bigcost-saver
big size-shrinker

Sized right for high density pcb switch-
ing—as small as .145 cu. in.—the
MicroClareed MR Relay adds a new
dimension to Clare Sealed Contact
Reed Relay capabilities. And it provides
the low-cost, top quality combination
you expect from Clare, the experienced
volume producer. Design around 1 to 5
contacts in epoxy sealed and open coil
modules. Take advantage of all of the
inherent reliability of CLAREED Relays
in only 1/5th the size.

Super-clean in construction, the 100%
operation-tested, glass-encapsulated
contacts never need maintenance or ad-
justment. Fast...with switching speeds
in the low millisecond range. Com-
plete input-output isolation and insen-
sitivity to electrical transients provide
high reliability with maximum circuit
simplicity.

For information, circle Reader Service
number, or, call your Clare Sales Engi-
neer or local Clare Distributor. Or write
for Data Sheet 961. C. P. Clare & Co.,
Chicago, lll. 60645...and worldwide.

MRME

Length: 11%4" max.

« Inherent reliability with no maintenance
(Contacts sealed in glass)

« Switching times 0.5 to 2 ms

« Insensitive to transient electrical /electronic
noises

« Contact load versatility—low level to 10 va

« Life:
.125 amp., 28 v: 10 x 10° operations
low level : 100 x 10° operations

« 1 to 5 contacts per module—open coil

N
/ / 2 or molded epoxy modules
"‘ LOOK FOR LARE ON THE RELAY
®

e

a GENERAL INSTRUMENT company
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BANDWIDTH

+V CONTROL

OUTPUT

=V
OFFSET
ADJUST

Lexington, Massachusetts (617) 862-1055

Norwalk, Connecticut (203) 853-3641

Washington, D.C. (202) 337-4914

Dallas, Texas (214) 231-9031

Long Beach, California (213) 426-7687

Palo Alto, California (415) 321-2280

Albuguerque, New Mexico (505) 268-3549

P.0. Box 37, Melbourne, Florida 32901 (305) 727-5430

QRIATVE

!

-

FASTEST SLEW RATE

RA 2520 RA 2510 RA 2500
@ Slew Rate +120v/us,Av=2 +60vusAv=1 =30v/us.Av=1
@ Voltage Gain 15000 15000 30000
@ Large Signal Bandwidth 2000kHz 1000kHz 500kHz
@ Gain Bandwidth 24mHz 12mHz 12mHz
@ Offset Current 10nA 10 nA 10nA
@ Offset Voltage 4 mV 4mV 2mV
@ Output Current =20 mA +20 mA +20 mA
@ Input Impedance 100 megohms 100 megohms 50 megohms
Non-Compensated Fully Compensated
Stable at Unity Gain
RA 2600 @ Gain = 200,000
@ Input Current = 2 nA @ Gain Bandwidth = 12 mHz
@ Input Impedance = 200 megohms . Short Circuit Protected
@ Slew Rate (at unity gain) = == T7v/us @ Fully compensated (stable at unity gain)
RA 909A @ Slew Rate (at unity gain)=+5,-2.5v/us
@ Equivalent Noise Input = 1.0,V RMS @ Gain = 45000
® Gain Bandwidth = 7 mHz @ Power Dissipation = 52 mW

You can be assured of: Monolithic op amps that exceed hybrid performance
0ff-the-shelf delivery, full military temperature range and compliance

with MIL-STD-883 . . . when you pick the BEST IC for the job

from Radiation's fast expanding linear line.

H RADIATION

INCORPORATED

SUBSIDIARY OF HARRIS INTERTYPE CORPORATION
MICROELECTRONICS DIVISION
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EDITORIAL

Product-selection headaches
and how to cure them

This issue of ELECTRONIC DESIGN contains the first in what is
going to be a continuing series of Product Source directories. Each
of these will list comparative specifications and prices for products
in one or more categories frequently purchased by design
engineers.

When used wisely, the directory information should take many
headaches out of the designer’s specifying and purchasing chores
by providing in one place sufficient data for narrowing the choice
to two or three possible products. A final decision can then be
made from studying manufacturers’ literature.

To make the directories as easy to use as possible, various
features are built into them, and others are planned. For example,
all directory pages will be blue so that they can be recognized
quickly.

Also, all products will be listed in ascending or descending order
of some major parameter, and the table column containing the
parameter will be easily identifiable.

Additional features of the directories will be the inclusion of
complete names and addresses of all manufacturers in the particu-
lar product category, as well as cross indexes for locating manu-
facturers’ model numbers within the tables.

As the total number of published directory pages grows, locating
a particular product category could become increasingly compli-
cated. To ease this problem, indexes will be published periodically
for all directory material. These indexes will refer to product
tables by means of the number appearing at the upper right of
each table. For example, the oscilloscope table appearing on page
D40 of this issue is table 9.

So if you clip the directory pages from each issue and set up
your personal Product Source directory file, keep the tables in
numerical order, according to these numbers.

When using the directories, remember that their purpose is to
help you, the design engineer. And should you have any comments,
criticisms or suggestions for improvement, let us know. Maybe
we can work together to serve you.

FRANK EGAN
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Dow Corning presents
four new star performers
on the electronic circulit.

Now you see it

New Dow Corning® 3144 noncorro-
sive RTV adhesive/sealant is trans-
lucent to clear. You should see the
job it does for corrosion-sensitive
electrical or electronic equipment.
It's a high-strength adhesive, too,
cures at room temperature, and
remains stable when the heat’s on
(long term to 250°C, short term to
300°C).

SRR

Now you don’t

In case you have something to
cover, use new opaque (white) Dow
Corning® 3141 noncorrosive RTV
coating. A new cross-linking pre-
vents the buildup of corrosive by-
products during cure. It's easily
processed, easy to repair, and stays
rugged in harsh environment.
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Effective immediately

New Dow Corning® 3101 low-density
potting and encapsulating resin is
ready for service right after cure.
No postcure is necessary. And it
cures in unlimited thicknesses in 24
hours at room temperature. It's
great for potting aerospace elec-
tronic systems or for anywhere you
need low-density and reversion
resistance.

Set for life

New one-part, premixed, Sylgard®
3150 encapsulating resin lives a

long life in extreme environments.

It's a white, one-part, free-flowing low-
viscosity encapsulant that heat cures
in deep sections and is compatible
with almost all material used in
electronic assemblies.

There are many more encapsulants,
coatings, and adhesive/sealants
where these came from. Learn about
them. On your letterhead, write
Dept. B-9300, Dow Corning Corpora-
tion, Midland, Michigan 48640.

Electrical [Electronic
materials from

DOW CORNING
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Semiconductor Division, 233 Kansas Street, El Segundo, California 90245, Phone (213) 678-6281

MANUFACTURING FACILITIES: UNITED STATES, CANADA, GREAT BRITAIN, INDIA, ITALY. JAPAN, WITH SALES OFFICES AND DISTRIBUTION IN MAJOR CITIES THROUGHOUT THE WORLD
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Take the SCR line that speeds electrifying change.

The IR line. Included above, our 80-Amp-average ACE" in a
TO-94 case. The accelerated cathode excitation silicon
controlled rectifier that lets you dispense with complex hard
firing circuits, gets you more power output per SCR, maximum
power at minimum system cost. Has the industry’s highest
di/dt— 800 A/ps per JEDEC suggested standard No. 7. And

200 V/ps dv/dt with 40 ps turnoff. Control-power capability for
tomorrow’s electrifyingly different cities.

Other SCRs and Logic-Triacs rated from 4.7 to 500 Ampere rms,
25 to 1300 volts. With heat exchangers, surge protectors and
firing circuits when you need them.

The IR line maintains a controlling interest in a broad range of
industry — wherever the change is from electro-mechanical to
solid state. It's readily available today to help you speed
tomorrow’s electrifying change. Write for free Product Selection
Guide. Or complete engineering assistance.

Silicon Controlled Rectifiers (] Power Logic Triacs [ Silicon Power Rectifiers O Selenium Rectifiers
O Zener Diodes [J Custom-engineered Sub-assemblies and Systems [ Light Sensitive Devices

INFORMATION RETRIEVAL NUMBER 45
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New power supply:
10-20 or 20-30 KV
Drift < .005% per hour
Regulation less than .001%
Ripple:100 MV P-P max.

45 xPgx 9" P
Costs 850
(less by the bunch)




Room for
improvement

General Electric’'s TO-52

transistor-size sealed relays

give you more room
for increased power,
improved performance

We didn’t cut any corners on this high-reliability, transistor-size
sealed relay. We left them on so there’'d be more room for a
more powerful magnet—272 times more powerful.

This added power means this type 3SBS, 2PDT, 1 amp relay i

gives you higher contact forces, larger contact gaps, and

greater overtravel to minimize mechanical shifts. Shifts A%Tgéo"‘
which usually increase early-in-life failures.

Though there’s more room inside to give you all these
advantages, the outside dimensions—top-to-bottom (.275")
and side-to-side (.370")—are the same as any transistor-
size relay.

So don’t cut corners on your next transistor-size relay
application. Specify GE’s square Type 3SBS. For full details,
write General Electric, Section 792-45, Schenectady, New
York 12305.

GENERAL @3 ELECTRIC
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Were coming courting
with a snappy new line

of snap-action switches.
And old-fashion attention
to customer service.

Sure we're a latecomer in the precision snap-action
switch field. So we know we have to go all
out to win your orders.

We're starting with a sharp new line of
miniature switches. Designed and manufactured
in the Cutler-Hammer quality tradition. And
there are lots more to come.

Just as important, we're going to woo you
in a way you may have forgotten. With old-
fashion attention to customer service. From
application help, to fast action on prototypes,
to delivery dates you can bank on.

We want your next miniature switch order.
Before you place it, let your Cutler-Hammer
Sales Engineer or Switch Distributor tell you our
product/service story. Could have your old
supplier taking up second fiddle.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION. Milwaukee, Wis. 53201

Start with our precision
miniature line. Choose from
four terminal arrangements, three
circuit configurations and a
variety of integral operators in
these 5 groups: High-capacity,
Long-life, Low-differential,
Low-force, and Gold contacts.
Thousands of combinations.
Prototypes in stock for immediate
delivery on 59 standard devices.
Circle Reader Service Number
below for new catalog LD-220.

e,
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We’re computer/peripheral power supply experts.
Which means you don’t have to be.

We don't think computer/peripheral designers should be bothered with power supply problems.
That's why we're in business.
You tell us what your requirements are, and we'll deliver a power supply or transformer to specs.
We'd like to be in on your project from the drawing board stage.
Because if you're not exactly sure of your power supply requirements, that’s the ideal time to let us
help you define them.

g il

| e
NPUT | | QUT PUT SERIES _ouTPuT
+10% 'pr [ FOR 172 TO FULL | REGULATOR
F;QlMARY iy : LOAD AND PRI REGULATION

|

Mo | : E i e IR e

VOLTAGE | | e

: | SERIES 28 YDC

REGULATOR AND
i 5vDC
CAP
oo  —©°

VAROFORMER POWER SUPPLY

Starting with our basic Varoformer™ (constant voltage transformer) we can design power supplies to
perform simple or complex functions by the addition of series regs.

From 4% regulating Varoformers to custom-designed power supplies with multiple outputs, on-off
sequencing, and remote sensing.

If you're a computer/peripheral designer, all you have to do is tell us what goes in and what comes out.

We'll take care of the rest.

VARO

STATIC POWER DIVISION 1600 DALLAS NORTH PARKWAY, PLANO, TEXAS 75074 (214) AD 1-5111 TWX 910-860-5640
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RECORDS AND PLAYS

%" x 2" x 2"
CO-SYSTEMS, INC.

201 - 798-5600
93 BOWERS STREET, JERSEY CITY, N.J. 07307

=
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certain definite frequency lim-
its are now available. Accu-

square wave. Or even in pulses
in which case it measures the
length of time between pulses.
Frequencies from 1 hz to
40,000 hz can be handled
easily and directly. Higher
frequencies can be handled
if dividers and/or mixers are
incorporated.

Highpass, lowpass, and band-

pass functions are all avail-
able.

DRUM/TAPE DECK THE WORLD'S MOST ACCURATE
for FREQUENCY SWITCH
AUDIO AND FASTER DATA TRANSMISSION
gt el L T L
STORAGE SR LTS

1 hz to 40,000 hz

ON DEMAND racies as close as 1 cycle per RESPONSE LIKE
STORES t]\}/llou§and can be main}aine(_l. THIS
aximmum S se time IS ——-

WORDS ¢ MESSAGES o SIGNALS the length ogetvf/’g?npm cycles. | i 1| -a0tos8s°c

INTERCHANGEABLE DRUMS All units are completely solid 'é :

state. 5
A8 TRACK WA :‘he input frequency can be ?-5" E
6VDC — HOME CONTACT in the form of a sine or 199020'002010

Frequency Hz

99

Single piece

GOSH insiruments:..

P.0. BOX 36 « WETHERSFIELD, CONNECTICUT 06109 * (203) 527-4794
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6256B DC POWER SUPPLY
| HEWLETTePACKARD  O-10v 0-204

AMPERES

CURRENT——"""]

g

The One Inside is FREE

Not so many years ago, the prudent transmitter engineer
discharged a high voltage capacitor bank by dropping a
shorting “‘crowbar” across its terminals. Today’s ‘“‘crow-
bar” is a protective overvoltage circuit found on DC
power supplies — usually at extra cost. Now HP in-
cludes a crowbar as standard on its recently updated
series of* low-voltage rack supplies . . . at no change
in price.

Long established as preferred system supplies for
component aging, production testing, and special ap-
plications, these supplies have now been redesigned
and expanded to meet the stringent demands of today’s
power supply user. Advantages include low ripple
(peak-to-peak as well as rms), well-regulated constant
voltage/constant current DC with outputs to 60 volts
and 100 amps.

Where loads are critical and expensive, the extra pro-

HEWLETT EF PACKARD

RIGWEEIREESTU PRI E S

tection — say, against inadvertent knob-twiddling —
from a crowbar is invaluable. On all internal crowbars
in this series, the trip voltage margin is set by screw-
driver at the front-panel.

Pertinent specifications are: triggering margins are
settable at 1V plus 7% of operating level; voltage ripple
and noise is 200 xV rms/10mV peak-to-peak (DC to
20 MHz); current ripple is 5 mA rms or less depending
on output rating; voltage regulation is 0.01%; resolu-
tion, 0.25% or better; remote programming, RFl con-
formance to MIL-I-6181D.

Prices start from $350. For complete specifications and
prices, contact your local HP Sales Office or write:
Hewlett-Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Heights, New Jersey 07922 or call
(201) 464-1234 . . . In Europe, 1217 Meyrin, Geneva.

Additional data sheets available upon request

CROWBAR...?

LAB SERIES CROWBARS

1969 Power
smaller package, A Technical Supply Catalog
lower power, Discussion — includes total

optional crowbar HP power supply line.

Circle # for details 326 327 328 329



Applications Power *

HF DUAL EFETs
for wideband diff amps,

and balanced RF circuits

Wideband Differential Amplifier Ideal for a preamplifier where high input impedance and low
noise over a wide frequency range is desired. At 25 MHz the input impedance is approximately 250K
in parallel with 3 pE

+10V
1 CHARACTERISTIC SYMBOL MIN MAX CONDITIONS
2K 2K
q> q) WID[B:N:DZ‘:JHI:FERENTIAL Awp Transconductance grs 5,000 zumho

Bout BANDWIDTH = 25mHz
Input Capacitance Ciss 5 pF Voe = 10V

hed Offset Voltage |VGs1 — Vasz| 10 mV* Ip =5 mA
Differential 2 = °
Voltage Drift |Vas: — Vesa|/AT 20 uV/°C*

10V

* The U253 has an offset of 20 mV and a differential drift of 40 xV/°C Max.

Balanced Mixer The FET’s square law characteristic allows this mixer to handle large dynamic
signal power while producing low spurious products. Oscillator power drive requirements are ex-
tremely low, thanks to the FET’s high input impedance.

“‘:L“";ﬂ ol CHARACTERISTIC |  SYMBOL MIN MAX | CONDITIONS
0SC. REJ.> 30db
SIGNAL
",me Transconductance gts 5,000 pmho
{
i IF
Ve = 10V
Input Capacitance Ciss 5 pF
= In =5 mA
Offset Voltage |Vas: — Vasa| 100 mV

These high frequency duals may be used up to 450 MHz depending upon the application and per-
formance desired. If your present design situation is VHF or UHF, if you want instant applications
information, call the number below. It’s a direct line to our applications group. * That’s applications

jer.
e Our new address . . .

Siliconix incorporated

2201 Laurelwood Road * Santa Clara, Calif. 95054
Phone (408) 246-8000 Ext.201 « TWX: 910-338-0227

... in Europe Siliconix Ltd.
Siliconix House
Sketty Park
Saunders Way
Swansea, U.K.
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JANCGO BUILDS ROTARY
SWITCHES JUST A LITTLE

BETTER THAN TODAY'S

REQUIREMENTS!

ELECTRONIC DESIGN 24, November 22,

1969

{HERE'S THE INSIDE STORY }

If you were to slice away half of a Janco Rotary Switch,
you would see the reason why ‘‘Janco Builds Rotary
Switches Just A Little Better Than Today's Requirements!’

CONSTRUCTION

Upon examination you would immediately recognize
a design simplicity meticulously constructed into a
totally enclosed, explosion-proof package affording you
the highest degree of protection when operating in a
volatile, chemically mixed atmosphere at sea level or
altitudes. It is this same design simplicity that utilizes
the U-shaped rotor concept which results in low
contact resistance throughout the life of the switch.

MATERIALS

Before reaching the optimum in design simplicity

a manufacturer must reach for the optimum in materials.
Janco Rotary Switches are totally enclosed in high impact,
glass-reinforced alkyd MAI-60 for superior mechanical

and electrical characteristics. Current conduction is
handled by Beryllium copper and solid silver alloy contacts.

FREE WALL CHART

If you are interested in rotary switches that are built to
exceed present day requirements, Janco Corporation will
send you a wall chart of basic Janco rotary switches.

From this chart you can determine the correct switch for
your requirements . . . the proper degree of indexing,
exact make or break current capacity, and whether single
or multi pole construction is available. This chart is

your building block to a rotary switch that is built a little
better than today's requirements. Send for it today.

JANCO

CORPORATION

3111 WINONA AVENUE m BURBANK, CALIFORNIA
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Tough
customer.

Write today for
FREE Eull color
Control Knob Catalog.

Outline your
requirements BROTHERS. INC

for quotation and 8031 N. Monticello Ave.
Skokie, Illinois 60076

FREE knob sample 312/675-1234

INFORMATION RETRIEVAL NUMBER 54

Our general-purpose relay
gives you industrial performance
at a commercial price.

Our line of rugged Type AA general-purpose
relays are industrially rated 600-volt devices,
specifically rated for motor loads, control-
circuit loads, and lighting loads. Oversize
self-wiping contact tips and-balanced arma-
ture structure with a high-force spring pro-
vide millions of trouble-free operations.

Buy these relays at commercial-relay prices
in one- or two-pole forms and any combina-
tion of NO and NC poles—for AC or DC.

Check our many other motor control acces-
sories, too. Call your Cutler-Hammer Distribu-
tor or circle Reader Service Number below.

CUTLER-HAMMER

POWER DISTRIBUTION & CONTROL DIVISION, Milwaukee, Wis. 53201

INFORMATION RETRIEVAL NUMBER 53

‘Flexible
circuits

Kapton* or Mylar* flexible printed circuits are a
specialty at Buckbee-Mears. We make them to stan-
dards of precision unsurpassed in the industry. We
produce small wires to two mil apart on four mil
centers, sizes up to five feet square. Tolerances held
to #.0002 inches on wires and space, shrinkage
control guaranteed.

May we tell you more? See your Buckbee-Mears tech-
nical representative, or call or write Bill Amundson,

industrial sales manager.
*DuPont trademarks

[ BUCKBEE - MEARS
COMPANY

245 E. 6th St., St. Paul, Minn. 55101 / (612) 227-6371
e / (612) ]
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TAPE WOUND CORES
Made from nickel,
silicon, or cobalt irons.
We supply all AIEE
standards plus special
sizes in thicknesses
from % through 14
mils. All sizes boxed in
phenolic or plastic,
aluminum or GVB-
coated aluminumboxes.

BOBBIN CORES

Made from Permalloy
80 and Orthonol® strip
.000125" to .001" thick
and .023"” to .250" wide.
Diameters range to
less than .050", with
flux capacities as low
as several maxwells.

MOLY-PERMALLOY
POWDER CORES

16 standard sizes with
ID's from .110" to 1.40”",
and OD’s from .250" to
2.25", Guaranteed
+8% inductance limits
on toroids with per-
meabilities of 14, 26,
60, 125, 160, 200, 300 and
550. Available either
stabilized or unstabil-
ized with temperature.

MAGNETIC
LAMINATIONS

Nickel-iron materials
in thicknesses of
.004", .006"” and .014".
38 standard shapes in
sizes from DU-87 and
El-12 down to EI-093,
EE-30-31 and F-094.

i
M

—, B

FERRITES

Guaranteed linear
temperature coef-
ficients on 750, 1400
and 2000 perm mate-
rials. Flat temperature
coefficient on 2300
perm material also
guaranteed. A total of
175 part numbers to
choose from.

PHOTOFAB® PARTS
Precision flat com-
ponents chemically
milled from almost any
magnetic or specialty
alloy. Thickness
tolerances range from
+5% to +=10%, de-
pending on thickness
and type of material.

Magnetics Inc. gives you total quality control and
single-source responsibility on every component

At Magnetics Inc., we're particular Magnetics Inc.
about what the finished component Efpt RS0, Bulier, Bo- o0t
does fOf you. SO particular that we ease send me additional information on:

3 ¢ A 2 [0 Tape Wound Cores [] Bobbin Cores [J] Moly-
maintain up-tight control right from Permalloy Powder Cores [] Ferrite Cores [] Magnetic

the start. On ferrites and powder Laminations [J Photofab Parts [] Specialty Metals
cores, we begin with the exact blend- =y e s
ing of powders. Our metal strip prod- Hame

ucts also evolve from closely con- Title Y Il s A T

trolled custom blending and composi-
tion. This emphasis on precision, from
start to finish, results in product uni-
formity—you get optimum character- City L St e S 71D,

istics and full-measure performance
every time. That's what we mean by ".
MAGNETICS inc.
®

single-source responsibility. For ad-

ditional information on any of our
Tape, Powder, Bobbin, Ferrite Cores « Laminations « Photo-etched Parts « Specialty Metals « Engineered Control Systems

C;)mpany

Street

products, mail coupon today.
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TRW Announces
40 Watts at 50 MHz
40 Watts at 175 MHz

12.5 Volts...withstands infinite VSWR

TRW offers three new families of 12.5
volt RF transistors in a wide range of
power levels. These rugged transistors
will withstand severe mismatch—any
load, any phase. Broken or shorted
antennas are no longer a problem

Complicated push-pull or parallel
output stages are a thing of the past.

64

Using single output devices, you can
design transmitters with up to 20 watts
outputat470 MHz (2N§701 ). 40 watts
at 175 MHz (2N5706) and 40 watts at
50 MHz (2N5691). Fifteen new de-
vices provide complete RF line-ups

Contact any TRW Distributor or
Dept. MR-1, TRW Semiconductors,

INFORMATION RETRIEVAL NUMBER 59
ELEC

14520 Aviation Blvd., Lawndale, Calif

90260. TRW Semiconductors Inc., is
a subsidiary of TRW INC

®
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Technology

A=

11}
4
4

LT
T

---.-----~==-==

T

Semiconductor officials discuss corpo-

rate growth

Build digital converters with off-the-shelf inte-

and the president of one

'

grated circuits and concentrate your efforts on

logical design. p. 66.

young company is interviewed. p. 84.

Also in this section:

Cut Butterworth filter phase distortion by adding an all-pass network. p. 74.

it can ruin otherwise sound designs. p. 80.

Beware of electronic dirt

Ideas for Design. p. 90.

Product Source Directory. Compare test-instrument specs and prices. p. D1.

65
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Design digital converters logically.
Use off-the-shelf ICs and concentrate

your efforts on logical design.

Part 1 of a three-part article

Digital converters make possible the inter-
change of data that is otherwise in incompatible
forms. Familiar types are the A/D or D/A con-
verters that allow a digital machine to operate
between an analog input and output.

The basic types of digital converters discussed
in this article are the code and parallel-serial con-
verters. Other types'%* are not covered here, but
the conversion principles also apply to their de-
sign.

Code converters are used to translate numbers
from one form to another. A number can be writ-
ten in any one of several binary codes, in decimal
code or in binary-coded decimal (BCD) form. If
a number in one form is to be operated on in an-
other form, a conversion must be performed.

Parallel-to-serial converters are used to trans-
late data inputs.from parallel form, in which all
bits arrive simultaneously, to serial form in
which all bits arrive sequentially. Serial-to-
parallel converters perform the reverse process.

Detailed circuit design may be eliminated from
the building of digital converters by using off-
the-shelf integrated circuits.* The converters de-
scribed here are constructed from DTL (diode-
transistor logic) gates, but the design principles
are applicable to other types of integrated cir-
cuits. (See Fig. 1.)

Convert decimal to BCD . . .

Figure 2 shows the truth table and simplified
matrix diagram for the basic decimal-to-BCD
code converter. That is, a converter for changing
the input in the decimal number system to an out-
put in the BCD system. Note that each ONE in
the output truth table is represented by a corre-
sponding connection in the simplified matrix
(logical OR) diagram. A ZERO in the output
truth table is indicated by the absence of a con-
nection in the matrix. Thus, F« = 8 +9 means
that output line Fy will be HIGH when either

A. H. Frim and M. M. Miller, Radio Corp. of America,
Defense Electronic Products, Aerospace Systems Div.,
Burlington, Mass.
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input decimal line 8 or 9 or both are high. Simi-
larly, F', will be HIGH when decimal line 4 or 5
or 6 or 7 or all are HIGH, and so on.

Implementation of the code converter of Fig. 2
by means of a diode matrix is illustrated in Fig.
3. In this case, each connection on the simplified
matrix diagram is replaced by a diode between
corresponding horizontal and vertical lines, and
toggle or push-button switches are used as a nu-
merical input keyboard. Synchronization between
keyboard and input signals F'; is accomplished
by means of a strobe sampling technique (Z. and
Z,). The +12 Vdec necessary for diode matrix
operation is reduced to +5 Vdec for use with the
DTL logic by zener diode 1N3825A. This elimi-
nates the need for two power supplies.

. and convert BCD to decimal

Figures 4 and 5 show two different types of
BCD-to-decimal converters designed with DTL
logic. The one in Fig. 4 displays the numbers 0
through 9 by means of a seven-position readout
device that is relay operated. For example, the
truth table in Fig. 4 indicates that all outputs
except for 3 are HIGH when the decimal “0” is
desired. This means that relay coils 1, 2, 4, 5, 6,
7, are energized and all output segments in the
display except number 3 are lighted. A ’‘0¢ is
thus displayed. Another relay (not shown) is
necessary to display a decimal point.

Figure 5 is a BCD-to-decimal converter for use
with an output printer that operates from a
higher-voltage +28 Vdec power supply.

Figure 6 shows the conversion of binary to
BCD. ==

(illustrations continued on pages 68, 69 and 70)

References:

1. Huskey and Korn, Computer Handbook, McGraw-
Hill Book Co., Inc., New York, N.Y. 1962,

2. Korn and Korn, Electronics Analog and Hybrid
%)m,puters, McGraw-Hill Book Co., Inc., New York, N.Y.

64.

3. Bartee, Lebow, and Reed, Theory and Design of
Digital Machines, McGraw-Hill Book Co., Inc., New York,
N.Y., 1962.

4. A. F. Frim, M. M. Miller, “Design Digital Compara-
tors Logically,” Electronic Design November 7, 1968 (ED
23), pp. 52-57 and November 21, 1968 (ED 24), pp. 56-63.
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2. The basic decimal-to-BCD-code converter is described
in a truth table or its related matrix diagram.

1. These converter DTL symbols and associated func- 3. A decimal-to-BCD converter can be built in diode
tions are used in logic diagrams. matrix form. Compare this to the matrix in Fig. 2.

ELECTRONIC DESIGN 24, November 22, 1969




4. BCD-to-decimal converter (7-position

68

Operation:

This converter uses 12 integrated circuits to drive a low-
power 7-position readout display. If the BCD input is 0110,
for example, where F, =0, F,=1, F, =1, and Fg = 0,
then relays 2, 3,5, 6 and 7 will be energized to display the
numeric 6.

Logic Diagram:

readout display)

Truth tables:
Input Output

Fol Fy|Fs [F; ST P2 T ) e e

ojofo]o W @ S 50 B BT

0{0]0]1 ofo]olif1]o]o

0{0 |10 1{0 |1 {t]0o 1]l

00T 8 R O ) e e

0j1]0]0 i S I

0f1]0(1 i A BB 2R T Bl Fg

e e e ) T (T o e T feFs

0 L 1{0]0]1]1 |00 00

1(00}0 g i R G T G N 01

i S B R 11

Input don’t cares = & =10, 11, 12,13, 14, 15 10
5=

Karnaugh maps:
B R
F, PN 00 01 11 10
00f 1 el (]
01 5 )
ol 11| x| X
10] 1 X i X

R SR e
=Fg # F4Fy + Fy(Fy+Fy)

FoFy
F2 F1N 00 01 11 10
00 el
R 1] x| 1
11 XX
i 1] 1] x| X

I=Frfs P B ER
=FgtFa(Fy+ Fo) « FyFy
FoFs

F4
00 01 11 10

I PR B

1

—
>xX |X | X
> [><

Fs Fs

Fa P00 i 1o

01 [1]X

01 11X
11 X

1010 1| X[ X
P FB % Fz F1+ F4F2+ Fa Fl
=Fg+Fy Fy+Fy(Fy+ Fp)

1
1
X

—
>
—

%l x
4= F EE F R

Fg F

4
F2 Fy 00 01 11 10 F, PN 00 01 11 10
0] 1 X1 01 T

g 1 | x U} X
1)1 X 11 XX
0f1]1]x]x 001[1]x]x
6 =FF +FyFqr FoFi+F, Fofy 7=k FpEo by
= FylF i FnFo F s F U Fs =F, (F4 +F,)

r.o_'bi,

Fq O z7

+12vdc
o

F O—

:.04

Z1,24,27,28= DTL 946
227529,Z11 = DTL 930
23,26210,212=DTL 944
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9. BCD-to-decimal converter (Sue

Printer
Operation:
This converter uses 11 integrated circuits and 10 relays to drive the hammers of a high-speed rotating drum-type printer. For example, when
the BCD number is 0001 and a strobe is applied, Fs, ?4, Fz, and F, will be HIGH, so that Z2-8 is LOW, thereby energizing the 1 relay.
Truth tables: Karnaugh maps: .
Fa Fu
fnput Output LS 00 01 11 10 00 01 11 10
Fo [Fal Fo]F, ofif2f3lalslels]s]o f wmli 00 X i) X
BB 110 10101001010 10 10 01 X 01 |1 X 01 X
101011 011 (010010101010 10 11 X | X 11 XX X
010110 010 1) 164005810 {010 10 XXl 10 Al Xl 1 X
0101111 gid (01110101040 (0 10 = = = = = = = =
0-F, F FF I FREEE P EE
of1]ofo ojolojol1folololo]o L = e
gl | g8 1010 011100 [0 10 X 11X X
Bilil 0 040 |00 10101100 ]0 X X Bl
gl (000 1040 10100811 10 (0 1 X XX X | X
11040140 019 1010100101011 10 X X | X X iX
11014 0108 (010 100 01(010 10 {1 = = =
! 3=F, F, F 4=F, F, F, 5-F, F, F,
Input Don't Cares = 10, 11, 12, 13, 14, 15 X X X |1
X X X
X 1| X X XX
1% XX X | X
D EF R 1R E R BoF F
X
X |1
X | X
X | X
9-F, F,
Logic Diagram:
21—Z10= SH200!
ZIl=DTL 946

|

0 +28vV
2J 2l 8 gt
34
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6. Binary to BCD (8421) decade converter

70

B, B,
B,B;\oo o1 11 10

00 1

01 1

11

10

Fg=Bg é4 T32

By B,

B
27T\ oo 01 11 10

00 1

01 1

e 1| L

10111

FZ:EB B, + BsB4§2

84

00 01 11 10
BERELE
11]1]1

Operation:
The logic diagram below is for a single decade converter capable of handling a full 4-bit binary input (decimal 0 to 15). For the condition
where the binary input is 1100, By and B, are HIGH, and B, and B, are LOW. When Bg and B, are HIGH, Z1-9 and Z1-10are both
HIGH, so that Z1-8 and Z1-12 are both LOW and therefore Z1-11 is HIGH (F;q =1). At the same time, Z4-9, Z4-10, and Z4-12 are all
HIGH, so that Z4-8 is LOW, Z3-10 is LOW, and Z3-8 is HIGH (F, = 1). AHIGH on F,, and F, signifies the digits 1 and 2, or decimal 12.
Truth tables: Karnaugh maps:
Bg B,
Gt Output B,Bi\ 00 01 11 10
00 1
01 1
Bg |Bs | B2 |B; Fioffs [F4 [F2 |F
olololo ofofo]o]o 11 1]1
0jofo]1 0fofo o1 10 111
ofoj1]o ofofo]1fo Fig=Bs By + By B,
00410511 |l 15 R O =By (B, + By
0-[=1-0 10 L L O R BZBIBBB‘
0f1:f 0|1 1 R S T R 00 01 11 10
e B e 0joj11]11o0 00 1
1 IS R e 25 2 8 s 1l 01 1
1{0]0]0 041 4051000 11 Il {8
1]0]0]1 0(1]0}0]1 10 Vol
ARSI, AR, Fi=By Byt By By
2y 1SV A R R 1{0)0(0}1 :Ba(§e+32)
1 B R ) 1{0]0]1}0 B
8
el S B V8 L e o e R C, B}
feji=t o0 1{0j1]0}0 00
)t o S O 5 5 B8 1S 0 01
11
10

Logic Diagram:
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RESOLON® CONDUCTIVE PLASTIC
ELEMENTS UP TO 36" LONG......
UP TO 3” DIAMETERS

Duncan Electronics full line of RESOLON®
single-turn, non-wirewound potentiometers
now encompasses rectilinear and sector
elements, as well as proven conductive
plastic rotary elements.

New rectilinear elements are provided
with standard electrical travel of 4 " to
16", or custom designed up to 36" on
special order.

Single-turn/servo-mounted, rotary pots
are available in % " to 3" diameters.

Either linear or non-linear functions may
be provided by these potentiometers.

CP elements can be designed in any
irregular configuration and can be ordered
as separate segments or in custom
housings engineered to your requirements.
Write today for full information.

RESOLON® CP
HIGH PERFORMANCE FEATURES:

- Long Life: 20 million shaft revolutions without
significant change in characteristics.

- Low output smoothness: maximum of 0.1% of total
applied voltage.

- Low temperature coefficient: -300 ppm/°C max.

- Wide temperature range: -65°C to +125°C.

- Conformance to all applicable MIL specs. Including
MIL-R-39023

- Linearity and comformity tolerances to #=.05%.
Closer tolerances available.

DUNCAN ELECTRONICS

SUBSIDIARY

SYSTRON @ DONNER

2865 FAIRVIEW ROAD [J COSTA MESA, CALIFORNIA 92626

PHONE: (714) 545-B261 [ TWX 910-585-1128
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“Nothing is Perfect,”

said the Fox.

But 300,000 hours MTBEF is close to it.

If you need that kind of reliability
in your frequency reference signal,
the RMS Series 3650 Redundant
Frequency Standard system has
it. The heart of the system is a
Frequency Combiner, which com-
bines the outputs of as many as
four precision oscillators or
frequency standards into a single
output. You can use standards
you may already have, such as
cesium beam and/or rubidium
standards. Or, quartz crystal
oscillators built into the Model
3650, or a combination of external
and internal oscillators. The fre-
quency of the combined output is
controlled by the “master”

72

oscillator you select, or can be
the average of any combination of
input signals. Since the signals
are combined continuously, there
is no ‘“‘switchover"” in the usual
sense on failure of one of the
inputs — and hence no phase
discontinuity to cause time errors
in a clock which may be operating
from the Combiner’s output.

Naturally, the 3650 has alarms
to report failures of input signals
(three kinds: amplitude, frequency
deviation, and phase jump); inter-
compares each input with the
combined output (for external
recording); and is itself highly

~
\ ¥
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reliable (redundant power supply
system and five independently
buffered outputs).

The cost? Negligible, in com-
parison with the incurred cost of
a mission failure, or flying in a
jet to reset a clock, or missing
an important communication
because your receiving system
clock has failed, or having to
re-start an acceptance test run on
oscillators, counters, gyros, etc.,
because your frequency reference
signal has been interrupted. ‘“How
foxy can you get?”

Write for specifications.

RMS ENGINEERING

Division of Unitec Industries
486 14th ST., N.W. ATLANTA, GA, 30318 (404) 873.5257
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YOU ARE NOW ENTERING

THE
MULTILAYER CIRCUIT
CENTER

OF THE U.S.A.

; Cmch Graphck is a volume producer of all 5
types of printed circuits, but multilayer
bqards are our specnalty We. produce them
w’th the newest and most advanced auto- g
'*inatéd equipment. -
§ ',, *' For information on  Cinch- Graphnk write
for our new Capab:lmes Brochure . . . avail-
A " able from any Cinch Electronic Group *
* District offi ice or by writing Cinch-Graphik,
200 South Turnbull Canyon Drive, City of

. Industry, California. 91744, Phone (213)
."‘3331201 -

" i e § 5t \ Ll
; \ g
Caied y | T
%o ' ‘

: cc7oo1"‘

cmcﬂ-bnﬂpﬁm

DIVISION OF UNITED

CINCH

ELECTRONICS

~CARR {

GROUP CINCH MANUFACTURING, CINCH-GRAPHIK, CINCH-MONADNOCK AND CINCH-NULINE DIVISIONS OF UNITED-CARR INC., A SUBSIDIARY OF TRW INC.
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Cut Butterworth filter phase distortion
by cascading the filter with an active all-pass
network. One universal design is all you need.

The phase characteristic of the low-pass Butter-
worth filter is a nonlinear function of frequency.
In some cases, such as voice communications, this
presents no problems. In other cases, however, it is
important to preserve the phase information of the
signal being filtered. For such applications, it is
desirable to have a filter whose phase shift is a
linear function of frequency. Such a filter does not
distort the phase of a signal; it merely causes a
time delay.

The Butterworth phase characteristic can be
linearized by cascading the filter with an active
compensating network.

First: Describe the problem

The first step in the phase-correction procedure
is to develop a power series representation of the
Butterworth phase characteristic.

The transfer function of an nth-order low-pass
Butterworth filter can be written as a product of
n/2 second-order transfer functions with a first-
order factor added when n is odd. Each of the
second-order factors is of the form

Fi(s) = w2/(s* + 20:w.8 + w.?) (1)

where o, is the Butterworth cutoff frequency and

0i is the damping ratio associated with a second-
order response (Fig. 1). Each of the second-order
factors contributes a pair of poles to the over-all
transfer function.

The first-order factor is o,/ (s+w,.). It produces
the pole on the real axis when it is used.

The phase shift of the complete filter is simply
the sum of the phase shifts of each of the first- and
second-order sections. For the first-order section,
the phase shift is readily found to be given by ¢ =
arc tan (-w/w.). For the second-order sections,
the phase shift is given by

¢: = arc tan [—ww./Qi(w: — w?)] (2)
where Q; = 1/26;.

Richard S. Aikens, Electrical Engineer and Dr. James
Brault, Associate Physicist, Kitt Peak National Observa-
tory, Tucson, Ariz.
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By forming a power series expansion for the
bracketed portion of Eq. 2 and substituting it into
a similar expansion for the arc tangent function
itself, the following equation for the phase of the
ith second-order section is obtained :

@ 1 ) 2;—-1 1 @ 1 —a) 3(2;—1)
S <‘w‘> REXE (;)

12 1 [—w)erD
< E 2 Q7 <ZC‘> =k
(3)

Similarly, the phase of the first-order section is
given by

d(w) = —w/w. —(1/3) (—w/w:)®
T lEy5) (—wfwa)® ¥ e @)

It is only necessary to add together the series
expansions of each of the sections comprising the
filter to produce a complete power series for the
phase shift of the low-pass Butterworth filter.
Since Eqgs. 3 and 4 contain only odd terms, the
result will be of the form:

op(w) = kw + kyw® + ks’ + -+ . (5)

Second: Describe the compensating network

To linearize Eq. 5 it is clearly necessary to cancel
out all of the coefficients except k,. The network
that does this must have an all-pass amplitude
characteristic in order not to interfere with the
desired Butterworth amplitude characteristic.

Actually, finding a network that can cancel out
all of the coefficients is impossible. Fortunately,
a rather good approximation of linearity can be
obtained by constraining only two coefficients to
ZEro.

An all-pass transfer function that can do this
job is F'(s) = (s>-As+B)/(s*+As+B), where A
and B are both positive constants. Dividing the
denominator into the numerator yields:

F(s) = 1— 2A4s/(s>+As+B). (6)

The second term of this expression is recognized
as a band-pass function of the form

ELECTRONIC DESIGN 24, November 22, 1969
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3. Just change the capacitors to scale this universal all-

pass network to any frequency. The two active networks

are realizations of the blocks of Fig. 2.

1. The poles of a Butterworth transfer function lie on a
circle centered at the origin of the s-plane. The damping
ratio, §, of the pair of poles associated with each second-
order response is given by § = cos 6.

f

INPU OUTPUT

ip—g—r————0"
+[1
e g'&’
>

2. The all-pass transfer function is represented by a
band-pass network and a summer.

Table Realizable values of Q, and «,

Ul w, /@, Qo
3 1.0210 0.551
4 1.1004 0.543 |
5 1.0761 0.541 !
i -

6 1.0507 0.539 4. Compare the impulse responses of an uncompen-
sated filter (top) and the same filter with all-pass linear-

7 1.0178 0.538 izing network added (bottom). The filter is a seventh-
order low-pass Butterworth with a cutoff frequency of

8 Oaee 9537 400 Hz. In both cases, the horizontal scale is 1.0 ms/cm

9 0.9644 0.536 and the impulse was 200 us long. The impulse occurred
at the extreme left. Note the improved symmetry and
increased delay of the linearized filter.
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F(s) = kw,s/(s>+aws+w.?) )

where the resonant frequency is o, and the @ is
Qo=1/a.

By combining Eqs. 6 and 7, the following useful
relationships can be obtained :

A = w,/0,
24 = kw,

B = o

k/2= Qo

An analysis similar to that used in the Butter-
worth case yields the following power series expan-
sion for the phase of the all-pass network:

$1(0) = (=2/Quo)w — (2/w?) [(1/Q.) —(1/3Q.)f
— (2/ws) [(1/Qo) — (1/Q) + (1/5Q.%)]w+ .
(8)

The procedure at this point is to add Eq. 5 (the
power series for the Butterworth phase) to Eq. 8
and then to set all of the coefficients except that of
the linear term equal to zero. Unfortunately, we
have only two unknowns—, and Q,—hence we
can constrain only two coefficients to be zero.

This is actually no great problem, because the
higher-order terms that cannot be controlled are
not very significant in the first place. If the coeffi-
cients of the third- and fifth-order terms are con-
strained to be zero, the first non-zero coefficient is
that of the seventh-order term ; Eq. 3 makes it clear
that the phase shift contribution from the terms
above fifth power can be ignored.

Following the procedure just outlined, we can
write :

ky — (2/0.%) [(1/Q0) — (1/3Q.%)] = 0 (9a)

ks — (2/ws) [(1/Q0) — (1/Q5) + (1/5Q.%)] = 0.
(9b)

The coefficients k; and &; (from Eq. 5) can be
shown to be as follows, with . normalized to unity :

ky = 1/3 = [(1/Q) + 1/Qs) + -]
+ (1/3) [(1/@°) + 1/@°) + -] (10a)

ks = —1/5— [(1/Q) + (1/@2) + -+
+ [1/@°) + 1/Q) + ---]
- (1/5) [1/Q") + (1/Q) + ---].  (10b)

The constant term starting each expression is only
present for odd-order filters.

Substituting Eqs. 10 into Egs. 9 and solving for
w, and @, involves finding the roots of a sixth-
degree equation in Q,>.. A computer root-finding
program was used to do the job, with the results
shown in the table. The table shows w, (normalized
to w,) and Q, for various orders of Butterworth
filters.
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5. The steeper slope of the linearized filter phase char-
acteristic is evidence of its increased delay. The filter
is th same one described in Fig. 4.

It is interesting to note that all of the @, values
are almost the same and that the w, values vary
only slightly around . the Butterworth cutoff
frequency. A detailed analysis of the possible
values of ), showed that it is limited to the range
0.526'< @, < 0.577.

Third: Design the compensating network

The transfer function of Eq. 6 can be represented
by the filter and summing network of Fig. 2. If Q,
is ‘assumed to be independent of n, a circuit can
be devised to realize the transfer function. This
circuit (Fig. 3) may be frequency-scaled to fit
most requirements.

With this circuit, the incoming signal is passed
through a band-pass inverting active filter, and
then summed with the original signal by the second
operational amplifier. For the given component
values, w, = 1, Q, = 0.542 and the gain is unity. The
capacitor values may be scaled to cover a wide
range of frequencies by simply using the formula
C = 255.8/w,. The answer is in microfarads.

To linearize a given low-pass Butterworth filter,
all one must do is use the table to calculate w, from
n and w, and then scale the capacitors in the circuit
of Fig. 3 to the necessary value.

Delay time is increased

When this phase-linearizing method is used, the
over-all delay time of the filter is increased. By
differentiating the first term of Eq. 8, we find that
the all-pass network adds a delay of 7, = 2/Q,, to
the normal Butterworth delay.

The total delay of a linearized filter is given by

T =[1+1/Q) + (1/Q) + -] (1/we) + 2/Quwo
(1)

where the unit first term is only retained for odd-
order filters.
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This method has been used to linearize an exist-
ing seventh-order filter with a cutoff frequency of
400 Hz. From the table, it is seen that this calls for
w, = 2558.0 rad/s. Frequency-scaling the circuit of
Fig. 8, then, C = 0.1 uF.

Since examining the impulse response of a low-
pass filter is one of the most meaningful ways of
evaluating the phase characteristics of such a filter,
a comparison was made of the filter response both
with and without the all-pass network (Fig. 4). It
is apparent that the added network has made the
impulse response more symmetrical and has also
substantially increased the delay time. The phase-
shift characteristics of the compensated and un-
compensated filters are shown in Fig. 5. The
linearity improvement is quite evident; the in-
creased delay time is shown by the steepened slope.

No unusual precautions need be taken in the
construction of these filters, although resistors and
capacitors with tolerances of one per cent have
been used in the authors’ work. The circuits were
used to band-limit analog data before sampling it
for conversion into digital form. In this applica-
tion the circuits are called anti-aliasing filters
because they eliminate any ambiguity that might
arise in an a/d converter if the signal bandwidth
exceeds one-half of the sampling rate.

The linearizing technique greatly reduced the
distortion of the original data. m =
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Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any tmportant ideas. You'll find the answers
in the article.

1. Why is the second-order compensating
network described in this article able to
linearize much higher-order Butterworth
filters?

2. How 1is the resonant frequency of the
active band-pass network scaled for various
Butterworth cutoff frequencies?

3. What effect does the linearizing pro-
cedure have on the over-all time delay of the
filter?
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...from Dale

Graflex, Inc., chose Dale to produce this vital DCtoDC
Inverter Transformer used in its popular Strobomatic
RG-500 rechargeable flash unit. Requirements in-
clude maintaining virtual state-of-the-art capabilities
in turns ratio and winding spacing—plus rugged
epoxy dipped construction with color coded leads.

Here is a partial list of Dale’s toroid capabilities:

B RF TOROIDS — Mounted horizontally or vertically
on terminal boards—down to .1” core.
Unmounted: Self-lead type. Encapsulated.

B PULSE TRANSFORMERS — Wide variety of
configurations. Epoxy dipped, encapsulated or open.

Bl REACTORS —Open (taped or dipped), encapsulated.
B INVERTER TRANSFORMERS —Open, dipped (up to
6" 0.d.). Encapsulated (up to 3" o.d.).

Plan to contact Dale about your next toroid requirement.
Your design or ours...military quality or commercial
quantity and price...Dale can deliver.

Phone 605-665-9301 or write:

DALE ELECTRONICS, INC.

SIOUX DIVISION Dept. ED

Box 180, Yankton, South Dakota 57078
A subsidiary of The Lionel Corporation
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FIRST 256-BIT

DECODED
IC MEMORY

This fast
random-
access
memory is
world’s first
silicon gate
MOS.

Model 1101.

W Fully decoded
W 1.5 ysec max. cycle time
W DTL and TTL compatible
B OR-Tie capability
W Low power dissipation
(50 xW/bit on standby,
2 mW/bit during access)

Guaranteed cycle times

Test Speed

Read cycle 1.1 usectyp.  5vinput pulse.

1.5 usec max. 10 nsec rise
and fall.1.5v reference level.
Write cycle 0.3 psec min.  |oad is 1 TTL gate.

Conditions

Guaranteed DC characteristics
(AtT, = 25°C, Ve + 5V, Vpp = =7V, Vp = —10v)

Test Limit Conditions
Input load current 500 nA max. Vin=0v
Power dissipation 700 mW max.
Input “low” voltage —10v to +0.5v
Input “high” voltage +3v to +5.3v
Output sink current 3 mA min. Vout = 0.45v
Output “low” voltage  +0.45v max. loo = 1.5mA

Output “high” voltage  +3.5vto +5.0v low = +104A
Prices, Model 1101

1to 9: $150 100 to 249: $ 65
10 to 24: $110 250 to 499: $ 55
25t099: $ 80

Available at over 40 locations

For delivery, call your Intel distributor, Cramer
Electronics or Hamilton Electro Sales.

If more convenient, write or phone us directly.
Call collect (415) 961-8080.

Intel Corporation is at 365 Middlefield Rd., Moun-
tain View, Calif. 94040. Telex INTEL 34-8366.
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What's NEW at GUARDIAN

GUARDIAN ELECTRIC MANUFACTURING COMPANY 1550 W. Carroll Ave., Chicago, lllinois 60607

GUARDIAN

SOLID STATE
RELAYS

\ ,’\&

B Universal AC or DC control
voltage with complete circuit iso-
lation from load switching circuit.
B Externally-adjustable pull-in
voltage level from 80-130V AC or
DC, with close differential be-
tween pull-in and drop-out where
accurate voltage sensing is re-
quired. M Control of high inrush
lamp, inductive or normal resis-
tive loads from 10 ma to 3 amps.
B Internal filtering prevents ran-
dom turn-on of “off” contacts.

Circle No.151 For Literature

GUARDIAN

PRINTED CIRCUIT
PLUG-IN RELAY

B Unique, compact design.
B All terminals on .1 grid spacing
for standard printed circuit board.
B Solders right on PC board.
B Conforms to UL requirements
for Business Machines. B 1 watt
normal power—: watt on re-
quest. B 3500 OHMS coil resist-
ance (120V AC-60Hz). B Standard
voltages 6 to 120 AC—6 to 24 DC.
B Mechanical life over 10,000,000
operations. B 3 AMP. resistive
115V. 60Hz contact rating.

Circle No.152 For Literature

GUARDIAN

LIFT OFF
STEPPERS

Ali the features of the widely used
Guardian MER 24 point electrical
reset stepper...

PLUS

B Solenoid “lifts” wiper contacts
when stepping to reduce fric-
tion...and arcing. B Increased
contact ratings to 5 amps resis-
tive at 120V AC. B Increased func-
tion capability. B Increased
dependability. M Increased life ex-
pectancy—now up to 10,000,000
steps. B Compact design.

Circle No.153 For Literature




Beware of electronic dirt.
At best it can cause erratic equipment behavior,
and at worst it can ruin otherwise sound designs.

This article is based on portions of an upcom-
ing book, “Cleaners and Cleaning,” by H. Manko,
to be published by Gordon and Breach.

Most design engineers do not recognize the
danger of “electronic dirt.” If they can’t see it,
they forget it. Yet much of the erratic behavior
of equipment—normally termed ‘“tempermental”
—1is a direct result of dirt. Noise in audio sys-
tems, warmup and stabilization periods in instru-
ments, and the need for periodic recalibration
and standardization in basic equipment can be
drastically reduced through a thorough under-
standing of the role of electronic dirt.

Once its harmful effects are recognized, a pro-
gram involving management, engineering and
production must be set up to eliminate this in-
visible enemy.

All materials deposited upon a surface can be
classified as dirt. These may be divided into
particulate matter and foreign films. In the
first group we find such items as dust, metallic
chips, and other solid particles. The second group
consists of wet or dried layers, usually in the
form of liquid or pastes. These films are normally
soluble and include such items as oils, grease,
perspiration prints, and solution residues.

Nonsoluble films are the result of a chemical
reaction that occurred on the surfaces after the
deposition. A second chemical reaction would be
required to remove such layers, and a chemist
would have to be consulted. Physical abrasion
could, of course, be used, but in electronics hard-
ware this treatment could be too aggressive,
causing damage. Since this type of contamina-
tion is always accidental—like an unintentional
deposition of a plastic coating that cured in place
—it does not pose everyday production problems.

The bulk of the dirt found on electronic as-
semblies, and the most harmful one, falls within
the soluble film category. The elimination of these
materials would render an assembly electronically
clean, provided no particulate matter is present.
Electronic cleaning, therefore, can be achieved

H. H. Manko, Director, Research & Development, Alpha
Metals, Inc., Jersey City, N. J.
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through the application of appropriate solvents.

But relying on a final cleaning is not always
feasible. Much harmful dirt might be lodged in
inaccessible places. Parts of the assembly might
not be totally immersible in the proper cleaning
solution. Above all, the cost of this final wash
might be prohibitive.

Cleanliness, therefore, must be planned
throughout the entire design process. And most
of the problem lies in lack of information on the
subject.

. A word about solvents

A solution is defined as a physical dispersion
of the molecules of a solid (or, by extension,
another liquid or gas) called the solute, in a
liquid called the solvent. The mixture is called
a solution and is a homogeneous system in which
the molecules of the solute and the solvent are
dispersed among each other. A solution cannot be
separated by filtration, although there is no
permanent chemical reaction. To separate the
solute from the solvent, you must evaporate the
solvent (distill it off) or cause crystallization of
the solute.

Solvents and solutes are classified into two
major categories; polar and nonpolar. These
terms refer to the molecular structure and its
behavior in solution. While nonpolar materials
are held together by an electromagnetic union,
polar materials dissociate into electrically ac-
tive particles, called ions held together by an
electrostatic union. It is this behavior of dirt in
solution that is critical to the electronics industry.

Polar materials are mostly salts, acids, and
bases of both inorganic and organic origin. The
most common polar solvent, and by far the best,
is water. The two hydrogen atoms form the one
electrically active pole, while the oxygen forms
the opposing pole. This gives water its ability to
dissociate polar materials into ions. The result
is an electrically conductive solution, or electro-
lyte, which is also corrosive to many metals.

Nonpolar materials are mostly organic in na-
ture and when dissolved in water do not ioinze.
Thus, an aqueous solution of sugar is not elec-
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trically conductive. Most nonpolar materials, such
as oils, waxes, and rosin derivatives, are not
soluble in water. Many of the nonpolar solids and
liquids are actually immiscible with water. Non-
polar solvents are usually organic liquids, such as
alcohols, ketones, and esters. Because they are all
flammable, industry has sought, and finally found
a family of halogenated hydrocarbons that is
nonflammable. Perchloroethylene, Trichloroeth-
ane, and others are used as solvents in this
function.

Electronic cleaning

Only polar dirt becomes electronically active,
due to the presence of ions. Nonpolar dirt is
classified as an insulator. Unfortunately, one
group is seldom found without some of the other
interspersed in it. Thus, a cleaning operation re-
quires a twofold action. It is customary to remove
the nonpolar dirt first and to follow with a water
wash.

"The danger from contamination on device sur-
faces stems from the electrical conductivity of
ionizable deposits. In the presence of humidity
in the air, conductive films are formed that span
over insulators and allow current leakage, which
alters current flow in the circuitry. These mois-
ture films, being humidity-dependent, change
constantly, thus aggravating the phenomenon
often referred to as electronic noise. Only by com-
plete elimination of ionizables or barring mois-
ture from the surfaces can this effect be negated.

Furthermore, there is a danger of corrosion
to the conductors from the presence of electro-
lytes. This is especially important at dissimilar
metal junctions, where there is an electromotive
potential due to the position of the elements in
the galvanic series.

The minimum quantity of contamination that
will cause trouble varies from assembly to as-
sembly, but it is always much less than can be
detected by the naked eye. Thus, an assembly
that looks clean is not necessarily electronically
clean. As a result, cleanliness is best monitored
either chemically or with instrumentation by
measuring electrical conductivity or resistivity.

The sources of ionization contamination are
many. They include processing solutions, plating
solutions, soldering fluxes, and similar materials.
Handling electronic components with bare hands
can also contribute potentially hazardous ma-
terials. Human perspiration contains a large
amount of ionizable compounds in the form of
salts that are normally codeposited with oils and
similar nonpolar films. All these materials have
to be scrupulously removed, or else appropriate
measures have to be taken in all intermediate
manufacturing steps to ensure that the final
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Cleaning in trichlorethylene only was the procedure used
with this PC board. Since the procedure left all ionizable
materials behind, all lead-rich surfaces were attacked
by chlorides. The white corrosion products that formed
can be seen on the leads. Close observation indicates
leakage paths across the board surface under high
humidity conditions .

This printed-circuit board appeared clean after manu-
facturing. However, corrosion spots developed with
time. They proved to be etching and plating solution
residues that bled to the surface.

81



assembly' is not contaminated.

But no matter what cleaning methods are in-
corporated in the manufacturing process, post-
cleaning protection to the assembly is also im-
portant. Conformal coatings, or seal coats, as
they are sometimes called, are organic materials
—usually in the plastic family—that are de-
posited around the assembly in a thin envelope
to achieve two particular goals. First, these pro-
tective coatings prevent moisture from penetrat-
ing onto the surfaces and lowering the resistiv-
ity if some contamination is left there by
accident; and second, the coatings will help pre-
vent recontamination of these surfaces through
handling, sedimentation out of the air, and other
sources.

The question of how clean any particular as-
sembly must be in order to reliably perform its
function is difficult to answer. But a few situa-
tions in which the author was involved as a con-
sultant dramatize the point.

Case of the PC boards

A color television manufacturer decided to
lower the price of his product. One area where
no savings seemed possible was the printed-
circuit boards used. However, an analysis of ex-
isting manufacturing processes revealed a large
amount of ionizable materials left upon the PC-
board surfaces. Unfortunately, the entire board
could not be cleaned after soldering because of
the nature of some of the components.

Since final cleaning was not possible, a total
program for preventing contamination of the
surfaces was instituted. The level of cleanliness
of the various components prior to assembly was
monitored carefully, and only chemically safe
processing materials were permitted from that
point on. No human handling was allowed with-
out the protection of gloves or finger cots. As
a result, the surface insulation was dramatically
increased, and the manufacturer was suddenly
in a position to select a much less expensive raw
material for the PC board itself. In addition to
the substantial savings due to the material
change, a dramatic improvement in the perform-
ance of the set was also noticed. Incidents of
burnout were virtually eliminated. In this high-
voltage appliance, surface contamination was
extremely critical.

Case of the audio noise

A manufacturer of communication equipment
was building prototypes of personal communi-
cation equipment to be used by police depart-
ments. In spite of improved circuitry and many
additional features, the equipment did not func-
tion as well as a competitor’s. The basic problem
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‘was a continuous crackling on the audio circuits

and an unreasonable amount of interference.

Since the units were intended to be carried on
the policeman’s person, they had to be no larger
than the average cigarette pack. This required
new soldering techniques not normally used in
the manufacturer’s plant.

Investigation revealed that there was no
awareness of the need for cleanliness, so, in addi-
tion to the new soldering techniques, a philoso-
phy of “clean work habits” was established. The
improved -surface insulation eliminated the noise
problems, and a protective seal coat was placed
over all assembled surfaces to avoid future con-
tamination.

Case of the analog computer

An analog computer for scientific investigation
gave serious trouble in the first two or three
hours of its daily operation. Though located in
a high-humidity area, it was placed in an air-
conditioned laboratory. The computer manufac-
turer found a funguslike growth on the printed-
circuit boards, and it was suspected that the flux
residues served as a nutrient for this growth.

Investigation showed that the white layer on
the PC boards was not a living organism but the
result of crazing in the flux residues. Further
investigation revealed a high per cent of ioniz-
able materials on the surfaces. The PC boards
were then thoroughly washed in a blend of polar
and nonpolar solvents and returned for operation
in the computer. The erratic behavior of the cir-
cuitry was eliminated.

The question was then asked: Why did the
computer malfunction only in the first two or
three hours of its operation daily, and why did
cleaning help? As the result of an additional
survey of air conditioning in the building, it was
found that the refrigeration unit controlling
both temperature and humidity was turned off
in the evening and started up again in the
morning.

It then became obvious that the moist air,
which found its way into the computer, con-
densed on the still cooled surfaces of the PC
boards in the evening and the moisture saturated
the surfaces overnight. In the morning when
the air-conditioning unit was restarted, it took
two or three hours to completely dry out the sur-
faces of the PC boards to the point where the
ionizable materials suspended in the surface
moisture no longer carried any currents. These
electrolyte films were at the root of the current
leakage and the variation in computer functions.
It was this continuous formation of moisture
films on the surfaces that also caused a crazing
of the rosin flux residues, which in turn produced
the white film thought to be a fungus. ==
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Don’tbu
a transist r,
buy a speedy,
hree-legged
ice cube.

Now that’s a switch — namely, SSPI’'s 2N5552 10 ampere
switching transistor. But a speedy ice cube? You really
need one when you’re looking for efficiency. With a
saturation voltage of under one volt at 10 amperes, power
loss is reduced. The.speed? Saturated turn-off time is

less than 700 nanoseconds at 5 amperes. This means
smaller parts and a cool running system. And the mini-
mum beta of 30 @ 10 amperes means a low supply
current. So why would you want your system getting
all heated up over a transistor when you can cool

it with the coldest 10 amp transistor available? Inci-
dentally, we also make a stud-mounted ice cube, too.
* For more information, call or write Peter Jenner at:
SOLID STATE PRODUCTS BB si0u o0 cuirmose consonnrion
. ree Street, Salem, Massachusetts 01 970

hone: (617) 745-2900
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MANAGEMENT

How do you make a young company grow?
“By managing everything better than the competition at a
full running rate,” says this semiconductor president.

Richard L. Turmail, Management Editor

If you want your electronics company to grow
overnight like the fabled beanstalk, you’ve got to
do more than throw your ‘“beans” out of the
window and wait to see what develops. One thing
“more” that National Semiconductor did was to
hire Charles E. Sporck as president and put him
in charge of the “beans.”

For nearly three years Sporck has helped his
Santa Clara, Calif., company grow through the
pains of intense competition in the highly techni-
cal business of electronics by adhering to the
following rules:

m Pick a standard product that fits the
strengths of your company’s development.

= Study the marketplace, and fully understand
what your customers really need.

® Insist that every product you produce makes
a profit.

m Utilize the abilities of your employees that
are the strongest, and don’t be afraid to design
company procedures to compliment employees’
abilities.

® (Give your professionals an opportunity to
closely identify with their work by giving them
a share of the company.

= Do away with departments that are not
essential to the production of your product.

How does Sporck apply his rules for growth?

A profitable arrangement

The recent rise of National’s star has been the
direct result of Sporck’s profit philosophy. He will
tell you that the company’s most influential cri-
terion for justifying product direction depends
on whether or not it is making money. “Because,”
he says, “we insist on making a profit on every
product we produce. By preplanning, National
avoids building the item that doesn’t fit the
criterion we use for arranging to be profitable.”

What is demanded of a new product idea be-
fore National commits itself to production?
Sporck says this:

= The product must be a standard one that has
wide market usage. Reason: Of shortest supply
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in the electronics industry is engineering talent.
We can’t afford to put all of it to work on one
customer.

m Pick a product that will fit the strengths in
your company’s development—one that is design-
ed to give you minimum cost, highest yield, and
the most economical die size. Reason: Introduc-
tion of a new product line forces a company to
create an entirely new and extremely expensive
organization. Sporck says, “We pick a product
manager who’s responsible for the process de-
velopment and production of the line. We also
choose a product marketing manager to inter-
face with sales and advertising from a product
point of view.”

Get to know the territory

Any entrepreneur, electronics or otherwise, can
tell you that becoming successful is one thing—
but remaining a success is quite another.

How does a company, for instance, combat
obsolescence on its road to bigger and better
profits? According to entrepreneur Sporck, you've
got to know the territory.

“We stay as close as possible to what’s going
on in the marketplace,” he says, ‘“not just from
a marketing standpoint, but from a very deep
technical understanding of what our customer
really requires.”

Sporck says that at National they’re committed
to building the popular circuits, including the
circuit families of MOS, TTL, linear, and DTL.

“Eventually,” he says, “we’re going to build all
of them. Our next task is to determine what,
among those families, are the most popular cir-
cuits. We concentrate on what our major com-
petitors make to find this out so that we can
determine which ones we should be producing.”

National’s decisions on which of the circuits
are the most popular are based on three sources
of information. Sporck says they are:

1. Hourly evaluation from engineering.

2. Input from our manufacturing representa-
tives and applications engineers in the field, who
experience the market pressure of our competi-
tors’ products.
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“Most management is
immature in the

; . 55
semiconductor business.

“When you’re small,
you gamble every day;
we have no big daddy
to take care of us.”

“A union would tend to
separate engineering
from management, when
engineering has to be

an integral part of
management in order to

function properly.
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3. Internal evaluation of what logical circuits
we should be designing.

“We ask ourselves,” says Sporck, “what are
the logical functions that our user can’t do right
now that he’d like to do? What are the sensible
blocks we can devise that would be useful in the
field and in product marketing ?”’

National’s president says that this evaluation
is in addition to the company’s own proprietary
effort, and that is to describe logical blocks and
design them. To carry this out, Sporck says that
weekly product planning meetings are held
at which the three main functions of the company
—product engineering, marketing, and circuit de-
sign—are discussed. Aside from strategic com-
pany decisions, which would include such com-
mitments as whether or not to enter a new circuit
family, the decisions that come from these prod-
uct planning meetings are the most critical in the
running of the company, because out of them
come the product to which the company will
commit its resources.
© “Of course, we must have people with enough
technical savvy to provide management with data
that will enable them to draw viable opinions,”
Sporck reminds us. ‘“Unless engineering input is
allowed to penetrate the decision-making level,
the company has no chance to avoid becoming
obsolete market-wise.”

Profit pressure at a running rate

But even with elaborate preparation for the
production of a new product line, every elec-
tronics company stands the chance of failing in
the attempt.

What does Sporck say to that?

“Maintain severe pressure on profit genera-
tion,” he says. (Sure, but how specifically ?)

“Our company,” he explains, “operates in an
environment where there is no alternative to
profit commitments. If National does not make a
profit, National ceases to exist. That fact of life
creates a pressure environment that our staff is
aware of daily. We point it out in both an in-
formal and formal fashion.

“As a result of this profit pressure any step
that we take in terms of product development
must result in income to the company by a maxi-
mum of six months. Our people are evaluated on
whether or not they obtain that profit goal. The
percentage of profit of course varies depending
upon the product line or the objective we are
pursuing. We’ll tolerate 1% profit if we're try-
ing to penetrate a particular market.”

“And if you don’t make this goal ?”” ELECTRONIC
DESIGN asked.

“If we fail to make a profit, either the com-
pany or the product manager is at fault, and one
or the other has to be corrected. If the manager
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is at fault, he’s out . . . Remember—we’re talking
about a product line where a manager has un-
doubtedly made a series of mistakes. We're not
interested in operating in an environment where
a person is afraid to make a mistake—not at all.
We've got to allow the guy to make mistakes;
otherwise he won’t make any decisions. At the
same time, the composite of his batting average
determines whether his line is profitable or not,
or if the company is in a product line it shouldn’t
be in at all.”

He grinned. “Beyond that, we run like hell.
We have to run because of the challenge we’ve set
for ourselves: the rapid projected growth rate,
plus making money on all lines while we’re grow-
ing at this extremely fast rate.

“In other words, we have to do everything
better than our competition, which means that
whatever we do we have to do at a full running
rate.”

The managerial personality

Whether or not a chief executive has his
production problems he will still have his “people
problems.” And Sporck believes that the wisest

investment a company can make is in its people.

National’s president tries to elude personnel
pitfalls by picking as managers men who have
been successful in previous managerial positions.
And if an engineering manager who’s technically
competent has personality problems with mem-
bers of his staff, Sporck says he adds to the mix
a production man who’s used to handling people.

“You can also modify the organization,” he
says. “That is, you can tailor it to a particular
man, if necessary. In our industry you can’t
sacrifice a man’s ability to contribute just be-
cause he’s not well-rounded. One must be flexible
enough to utilize unusual people.”

Are good managers made or born?

Sporck says. “A good manager is not built
from formal training, but rather from the en-
vironment he was exposed to during his first
25 years, independent from his schooling and
work experience. For example: When I watch a
group of Boy Scouts it’s easy to pick out the ones
who are natural leaders. They enjoy the responsi-
bility and handle it well, and the other boys are
content to follow.

“Whether a man is a good manager or not is
pretty well decided before the age of thirty. He
is a product of his environment while he was a
child, and he either has a personality that's ef-
fective as a manager or he does not. You can
improve his techniques, but his managerial, or
entrepreneurial ability, stems overwhelmingly
from his personality.

“The reason we have so many unhappy manag-
ers in the industry is because they’ve been led
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National Semiconductor Corp. has set a course
for itself that has been plotted on a wave of
great expansion. Manning the helm are Peter
J. Sprague, chairman of the board, and Charles
E. Sporck, president. Since February, 1967, these
two young executives have expanded their pro-
duction facilities, which during the past year
have doubled sales from just over $11 million to
nearly $23 million, and increased its profits from
$890,000 in 1968 to $1,468,000 in 1969. Sporck
came to National after a long line of manage-
ment positions at Fairchild Semiconductor, from
production manager to general manager, and at
General Electric Co. in a variety of production
manufacturing posts.

Fiscal 1969 saw National grow from a com-
pany primarily engaged in product development
to a high-volume manufacturer of semiconduc-
tors.

Back in 1959, as a force in the integrated-
circuit business, National established a reputa-

National is in an expansive mood

tion as a maker of linear and MOS circuits. It
is still very heavily committed to these markets,
but in 1968 and 1969 its digital capacity in-
creased, and digital bipolar ICs are now its
largest line by sales and volume.

In its annual report of 1969, National states:

“Price reduction in the marketplace has often
raised the question as to whether it is possible
for satisfactory profits to be generated on a
consistent basis. National’s answer is a firm,
‘ves.” The leverage involved in our volume manu-
facturing and yield improvement has served to
more than offset price deterioration.”

By the beginning of National’s second decade
of operation, in 1970, its floor space will increase
by 1509% to more than 150,000 square feet. Per-
sonnel is presently holding at 850. A 115,000-
square-foot plant, now being constructed on
Kifer Road in Santa Clara, Calif., will become
corporate headquarters when it is completed by
the first of the year.

to believe that that is the course they must take—
it’'s a status symbol. And they simply aren’t
happy with responsibility.”

Sporck concluded, “As I see it, engineers have
two courses—management or engineering. An
engineer can make as valuable a contribution to
the company as the president can, and a man
should be compensated for his contribution to
the company rather than his position. All of us
are too susceptible to ranking salary with man-
agement positions.”

Challenge vs options

A major recruiting tool at National is “a piece
of the action.”

“By far the most motivating factor is the chal-
lenge,” Sporck admits. “But if you can offer your
prospective staffer job enrichment, plus compen-
sation, you’re in pretty good shape.

“All our key people are offered stock options.
Key people,” he elaborated, “are the ones who've
contributed the most to the company. Of the
salaried personnel, about 809% have stock options.
Since the amount of the stock option is directly
related to an employee’s contribution, there are
some instances where individual engineers have
larger stock options than their bosses.”

Reserved for issue upon the exercise of options
granted under National’s stock option plan are
100,000 shares of common stock. The price to the
individual is set at the market value, the day he
was hired. The purchase price of the stock is
determined by a committee consisting of three
members of the board of directors who are not

ELECTRONIC DESIGN 24, November 22, 1969

eligible to receive options under the plan, and
each option is 100% exercisable five years after
it has been issued.

“When a man is deciding what company to
work for,” Sporck says, ‘“he might also consider
that a company like National has a good chance
to grow many times its size, and there’s a good
chance that the company’s stock value will grow
with it.” Sporck reminds the job-hunting engi-
neer that since a good company growth rate
counteracts development stagnation, employees
always have a chance to climb up that newly
planted ‘‘beanstalk” and earn their share of the
golden eggs.

And while we're talking about people, what
about unions?

According to Sporck, “An engineer-union has
nothing to contribute to the objectives of most
effective engineers, a statement which can be
applied to all engineers at our company.

“A union,” he stresses, “would tend to separate
engineering from management, when engineer-
ing has to be an integral part of management in
order for the company to function properly. An
engineering union would destroy a company in
the semiconductor business.”

Climbing up that stalk

So—how has your company grown?

Sporck says that, before he came on the scene,
National was a $5 million transistor-producing
company operating out of Danbury, Conn. There
was also an extremely small operation in Cali-
fornia, producing linear circuits.
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President Sporck surveys National’'s future corporate
headquarters, a 115,000 square-foot plant under con-
struction in Santa Clara, Calif.

“We decided,” Sporck says, “to become a very
large, rapid-growing semiconductor company, be-
cause unfortunately, you can’t make large profits
with a small company. To specialize in semicon-
ductors, we knew we had to excel in marketing;
circuit design; product and process engineering;
and semiconductor wafer fabrication.

“We eliminated all other operations of the com-
pany, such as making packages, designing test
equipment, and assembling products. We think
it’s better to have somebody else do that work,
because it’s cheaper, and it allows us to concen-
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trate on our own thing.

“After making those decisions,” he continued,
“we restructured the company to carry them out.
Within a month we cut the Danbury work force
60 per cent. Within two months we took the
company from a position where it was grossly
unprofitable to where it was very profitable. We
tripled our output because we had done away
with operations not essential to the production of
transistors.

“Our transistors carried us for about a year,
during this time we invested our profits in ICs.
By the start of the second year, our semiconduc-
tors were making their own way. Now, transis-
tors are a small but profitable part of our
business.” ‘

Sporck concluded, “We played to our indis-'
pensible strength, and we gambled on the rest.
When you're small, you gamble every day; we
have no big daddy to take care of us.”

Rich market produces poor managers

But the gambling isn’t that much of a gamble.

“One of the reasons National does well is be-
cause most management is immature in the semi-
conductor business, and ours isn’t,” Sporck says.
“Poor decisions foster erratic earnings and
shorten the time involved in realizing what the
mistakes are. Many managers are unprepared
because our technical environment is moving so
rapidly. An environment that ‘fertile’ promotes
a myriad of sales opportunities, a situation that
fails to screen out the immature managers.”

Sporck believes that the semiconductor indus-
try allows a random mixture of good and bad
management to seep up to the top, whereas in
the slower-moving industries, screening is done
more thoroughly.

“You don’t necessarily find the extremely good
managers in the slower industries,” he says, “but
you don’t find the extremely poor ones either.
The average in the semiconductor industry is
poor because there are some extremely poor man-
agers in it.

“Another reason we do comparatively well is
that making a profit forces companies to make
agonizing decisions on a competitive basis. Firing
people isn’t very nice. Measuring people so that
you can truly understand their contribution is a
lot of work. We do it.”

When you ask Charlie Sporck what his greatest
contribution has been to the success of the
National Semiconductor Corp. in the nearly three
vears he has headed up the company he says
simply: “By being right just a few more times
than being wrong.”

And he might have added that, where bean-
stalks are concerned, the emphasis is always on
the “jack.” mm
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The Stackpole Series 100 miniature rotary switch
is here! New, compact 1%8” diameter body size. To-
tally enclosed to protect against exposure, contact
contamination and production damage. Explosion-
proof. Ideally suvited for today’s rugged demands
and space applications.

Reliability and long life are assured by
Stackpole’s unique mode of switching—field proven

Environment Proof
is what we call it.

in the larger Series 600 switch. Internal intermixing
of electrical functions and interconnection of decks
and terminals provide unprecedented switching
versatility. Inherently economical — Stackpole en-
closed rotaries are competitively priced with open
deck, clip type switches. This new versatility and
economy encourage complete freedom of design
and afford the use of enclosed rotary switches for
all applications.

Sample switches, made to your exact specifica-
tions, are shipped in 2 to 3 days and production
quantities in 2 to 3 weeks. For prompt quotations
and samples, send your wiring diagrams or speci-
fications to: Stackpole Components Company,
P. O. Box 14466, Raleigh, North Carolina 27610.
Telephone: 919-828-6201. TWX: 510-928-0520.

<
COMPONENTS COMPANY
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Epoxy transistor yields
200-watt picosecond pulses

Although avalanche transistor switching has
been known for at least a decade, the need for
extremely fast, high-power pulses to drive semi-
conductor lasers has recently created renewed
interest in this technique.

The circuit as shown in (a) is extremely simple
and, while not unique, yields pulses a full order
of magnitude greater than those noted in the
literature. It is novel in the use of a single low-
cost, epoxy transistor, and maintains full output
power to about 8000 pulses per second. No heat
sinking is required to 12,000 pps. Over 60 different
transistor types were tested, and the MPSU04 (at
$1.62) was found superior to all others, regardless
of price, including those offered specifically for
avalanche purposes by various manufacturers. A
good second choice, possibly in stock in many
laboratories, is 2N3499.

All leads should be kept as short as possible,
and the pulse form may be tailored by adjusting
the length of the charging cable, the setting of
the trimmer capacitor, and the value of the load
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Epoxy transistor provides high power pulses with
picosecond rise times (a). Sampling scope waveform
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(+150 -500V)

resistor. When the pulser is initially put into
operation, it is advisable to have on hand several
transistors, each of which is then tested as follows :

1. Advance voltage until the pulse appears,
usually between 165 and 275 volts. Note this as
“avalanche voltage.”

2. Continue to advance voltage until no further
increase in pulse amplitude occurs. Note the out-
put amplitude and input voltage, which may be
considered “working voltage.”

3. Continue to advance voltage until the pulse
becomes erratic or unstable, exhibiting jitter or
breakdown, a sudden change in position, or other
irregularities. Note this as “maximum usable
voltage.”

The transistor of choice will deliver optimum
pulse amplitude at a relatively modest input volt-
age, with an excellent safety margin between this
point and the onset of erratic behavior. Selected
units have performed for hundreds of hours
without discernable jitter or other change in
parameters. Typically, one might expect avalanche

2ns/DIV.

20VOLTS /DIV.

®

shows 250-watt pulse with estimated 800-picosecond
rise time (b).
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IDEAS FOR DESIGN

voltage of 185 volts, full output at 285 volts, and
no instability or jitter at 500 or even 700 volts.
Approximately 20% of the units tested failed to
avalanche, while an additional 20% would not

deliver full output power until almost at the point
of instability.

John H. Cone, Chief Engineer, Electronic Enter-
prises, Pasadena, Calif.
VOTE FOR 311

Active clamp circuit uses only two transistors

Back-to-back zener diodes around the feedback
resistor are often used when the maximum out-
put voltage of an operational amplifier must be
limited. Zener diodes have poor breakdown knees
below 6 volts, are quite noisy, and can upset the
temperature stability of the amplifier because
of increased leakage currents.

A more efficient active clamping -circuit(a)
can be formed by connecting two transistors in
parallel with the feedback loop, and biasing the
transistors to conduct at the desired output volt-
age. Q1 and Q2 change the amplifier character-
istic from linear to logarithmic. The logarithmic
connection ensures that the op-amp inside the
feedback loop will remain active during the dura-
tion of the output overload. The amplifier will
quickly return to linear operation after the over-
load has been removed.

The recovery time of this circuit was measured
by inserting a small-amplitude 500-kHz signal in
series with an overdriving 10-volt input pulse.
The output response indicated that the amplifier
returns to linear amplification of the 500-kHz
signal approximately 0.5 us after the overload
condition is removed.

Loop transmission of the op-amp must be com-
patible with the additional gain contributed by
the transistors during the clamped period. Fur-

LU

VOTE! Go through all Idea-for-Design entries, select the
best, and circle the appropriate number on the Reader-
Service-Card.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas-for-Design editor. You will receive $20 for each
accepted idea, $30 more if it is voted best-of-issue by
our readers. The best-of-issue winners become eligible
for the Idea Of the Year award of $1000.
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Active output voltage clamp (a) uses two transis-
tors to achieve desired transfer characteristic (b).

ther, the BV, rating of the transistors cannot
be exceeded.

Research sponsored by the U.S. Atomic Energy
Commission under contract with the Union Car-
bide Corp.

E. J. Kennedy, & J. K. Millard, Development
Eng., Instrumentation & Control Div, Oak Ridge
National Laboratory, Nuclear Div., Oak Ridge,
Tenn.

VOTE FOR 312
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Transposing emitter capacitor speeds amplifier response time

I-f amplifiers are often used to amplify large
pulses. Immediately after such a large pulse has
passed, the amplifier does not return to its initial
sensitivity, due to stored charge on the emitter
capacitor. The resulting voltage on the emitter
capacitor can reverse bias the base-emitter junc-
tion of the transistor for several time constants.
This problem exists in radar, nuclear magnetic
resonance experiments and other cases where
low-level data must be processed immediately
after a large pulse is received.

To overcome this problem, the standard com-
mon-emitter circuit usually used can be modified,
as shown. The emitter capacitor (C) is trans-
posed into the collector circuit. The bias network
is then replaced by a modified zener-type net-
work, so that low values of impedance in the base
are avoided, with their consequent loss in signal.

The bias is set to provide a constant voltage
level at the base consistent with the value of
the emitter feedback resistor. The value of decay

time for large pulses is 0.08 microsecond for
10-MHz bandwidth amplifier shown.

William M. Stutz, Engineer, Reeves Instrument
Corp., New York, N.Y.
VOTE FOR 313

Full-wave chopper modulator uses only one transformer

A full-wave chopper for modulation or demodu-
lation usually requires two secondaries or a tapped
secondary. Cost and size savings can be realized
by using the circuit shown in Fig. 1.

Q1 and Q2 are forward-biased on opposite half
cycles of the transformer drive voltage. On the
positive half cycle current flows through the base
emitter junction of @2 and through D1, turning
on Q2. On negative half cycles current flows
through D2 and the base-emitter junction of Q1,
turning on Q1. When either transistor is in the
off state the base emitter junction is also back-
biased by the voltage drop across the diode.

The resistor, R, is used to keep the peak base
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current within the rating of the transistors. The
secondary voltage should be reasonably high to
minimize the effects of drive voltage variation.
Figure 2 shows the circuit used as a modulator
and demodulator when dc isolation is required.

L. D. DiNapoli and T. J. Walsh, Design Engi-
neers, Leads & Northrup Co., North Wales, Pa.
VOTE FOR 314
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No EA customer has ever had to wait for delivery.

Electronic Arrays is now manufacturing and shipping state-
of-the-art MOS circuits in volume. More than 10,000 units
a month.

Since our first product announcement last February,
we’'ve batted 1.000. All orders for our standard products
have been, and are, shipped immediately from either dis-
tributor or factory inventory.

If you think all this is just the usual MOS talk, there’s
one sure-fire way to put us to the test.

Just send us a purchase order for any of the following
off-the-shelf items:

® EA 1200/1201 Quad 32 bit register
® EA 1202/1203 Variable 64 bit register
® EA 1204/1205 256 bit register

INFORMATION
ELECTRONIC DESIGN 24, November 22, 1969

® EA 1400 64 word, 2 bits/word RAM

® EA 3001 256 word, 9 bits/word multi-function ROM

® EA 1808 Fixed logic array

® EA 1806 Variable hex gate array

® EA 3501 dot code matrix ASCII character generator ROM
® EA 1003 dual 32 bit static shift register

Order from any of our 18 distributor loca-
tions or directly from Electronic Arrays, Inc.,
501 Ellis Street, Mountain View, California
94040. (415) 964-4321.

electronic

Proven MOS products delivered in volume. ﬂl‘l‘ilvs, "":.
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Inexpensive circuit generates
precision unipolarity output

Many circuit variations exist for generating a
precision dc output voltage of one polarity for
either polarity of dec input voltages. The circuit
described here is simple and uses fewer components
than other versions.

One transistor and one carbon resistor are used
in addition to the operational amplifier and its gain
determining resistors, R, and R., to achieve 0.02%
performance. For positive input voltages (+ £,,),
the output of K, is negative, thus causing CR, to
conduct and biasing @, off through R;.

Since the feedback is sensed on the output side

Ql
R3 2N3417
: 6.3K
XE;.0 AN
" 10k Ki
CR,
1 “R2 Rioap
AAAS (' o.
10K LTYPICAL)

Precision unipolarity output circuit operates by either
saturating or cutting off output transistor.

of CR,, the offset voltage across CR, does not affect
the linearity as long as K; has a high open-loop
gain (> 10,000). When the input signal becomes
negative (-E,), the output of K, becomes positive.
This reverse biases CR, and causes Q1 to saturate
in the inverted-mode (base current flows through
R; and the base-collector path of Q1).

When Q1 saturates, E,,, becomes nearly equal
to —E;, in both polarity and magnitude. @1 becomes
heavily saturated for a very small value of E,, due
to the high open-loop gain of K,. Typically, for a
2N3417, offset voltages near zero are only 0.3 mV,
and only a few mV for several milliamperes of load
current. R, can be adjusted to match the gain of
the + input voltages to the —input.

The switching current that flows through R;
and Q1 into the source of + E;, must be considered.
However, the extra loading on the source can be
very small if the application will permit large
values for R,, R,, R; and R,,,;. Normally, the cir-
cuit would be driven by a preamplifier, which
would satisfy the loading requirements.

Another useful feature of the circuit is that the
large step voltage that appears as the output of K,
may be used to drive a polarity-indicating circuit.
This permits a very simple autopolarity analog
meter to be constructed. Another feature is that
the circuit will rectify an ac signal with great
precision. Sinusoidal voltages can be handled by
adding a filter to the output.

George R. Latham, Design Engineer, Hewlett
Packard Co., Loveland Division, Loveland, Colo.

VOTE FOR 315

Schmitt trigger uses MOS
to achieve high input impedance
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Schmitt-trigger with MOS transistor in input pro-
vides a high-input impedance.

96

The conventional Schmitt trigger uses two bi-
polar transistors. When the input transistor con-
ducts, the input impedance is quite low. Typically,
an emitter follower precedes the Schmitt trigger
to provide a low-enough driving impedance.

By substituting an MOS transistor for the in-
put side, a high-input-impedance Schmitt can be
constructed. Such a Schmitt trigger is easily
driven directly even by FET or vacuum-tube
circuitry. A typical value for the gate charge
resistor (R) is 1 M. The speed-up capacitor
(C) should be about 51 pF.

The circuit shown has an upper trip point of
+3.5 volts and a lower trip point of +3.0 volts,
giving 0.5 volt of hysteresis.

Henry D. Olson, Research Engineer, Radio
Physics Lab., Stanford Research Institute, Menlo
Park, Calif.

VOTE FOR 316
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Electronic Design
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Counters  Spectrum analyzers

DVMs Oscilloscopes VTVMs




NOW! A SMALLER'

DIGIVACSG

READOUT WITH IMPORTANT NEW FEATURES

NEW—Requires less space
NEW—MIL spec construction
NEW—Electrostatically stable
NEW—Solderable leads optional

Electrically and optically identical to and interchangeable
with the original types . . . but substantially smaller.
Same driver and low power requirements. Rugged
construction meets MIL specs for shock and vibration.
Impervious to electrostatic influences. No reduction in
*ACTUAL size of the single-plane, high-legibility, 7-segment
SIZE character. Eye-ease green can be filtered to provide
unlimited colors. Regular 9-pin miniature basing,
or 10-pins where decimal is required. Solder-in leads
reduce seated height of Digivac S/G readouts.
TUNG-SOL DIVISION/WAGNER ELECTRIC CORPORATIDN
630 W. Mt. Pleasant Avenue, Livingston, N.J. 07039
TWX: 710-994-4865 Phone: (201) 992-1100; (212) 732-5426

DT1704B DT1705D DT1707B ™
Numerals 0 to 9, With Plus/minus
or 14 letters. decimal point. one decimal. ( i

DIGITAL READOUTS

(T.M.) Wagner Electric Corporation the newest state of the readout art
INFORMATION RETRIEVAL NUMBER 601




Product Source
Directory

Compiled and edited by Greg Guercio, Directory Manager

Here is the first of many comprehensive Product Source Direc-
tories covering electronic instrumentation. It covers digital volt-
meters, frequency counters, oscilloscopes, spectrum analyzers,
vacuum tube and transistor voltmeters.

Use this directory properly and you can make an intelligent,
comparative instrument selection from over 1000 instruments
currently available. To make the best use of the directory, compare
the specs and get a feeling for performance and cost ratios. Then
obtain complete manufacturers data by using the reader service
numbers in the Master Cross Index on page D6.

How toitse the 1ables. .. ..o vivs fhei iie o i D4
ISR CIOSs M0 . s T s s s d D6
Get the most out of vour DVM.. . o ool oo s D12
Match your counter to your requirements. . .. ... .. D26
Digital voltmeters . ...... ... A b et Tl s D18
Frequency counters ........... - A AL A D30
006 T e oL R W G P A I e L D40
SPECERUITY: ANEIVZBUS. | i 104 i ot 5 aose e e ot w2t Rk D58
Vacuum tube and transistor voltmeters. . . . ... .. .. D62
ASVEENSErSIINGeR . e bt b s e S e D70
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How to use the tables

Each table covers a particular type of instrument and lists perti-
nent technical specifications. A column listing additional features
for each instrument is located at the end of the table.

Unless otherwise specified, the power requirements for all
the instruments listed are 105-125 Vac, 60 Hz, single phase.

The following abbreviations apply to all instruments listed:
® ina—information not available
®* n/a—not applicable

An index of models by manufacturer is included at the end of
each table. A location code is included immediately after each
model in this index. This permits quick location of the specification
for that instrument.

Instrument specifications are given in separate columns. The
complete specifications for any one instrument can thus be read
across the page.

For each table, the instruments are listed in ascending order
of one major parameter. The column containing this parameter is
color-coded white for each category. Manufacturers are identified
by abbreviation. The complete name of each manufacturer
can be found in the index at the end of the section. For manufac-
turers’ addresses and Reader Service literature offerings, see the
Master Cross Index.

Each instrument category, for easy use, has been subdivided to
bring all similar items together.

Oscilloscopes, for example, have been divided into general-pur-
pose, sampling and main frames. Plug-ins are cross-indexed from
both the main frame and the plug-ins available for that main frame.



Westinghouse 20,/20
general purpose panel instruments
are the best you can buy.

Here’s why.

Although all taut-band suspensions
are free from friction, free from wear,
and capable of low-loss designs,
most manufacturers of panel instru-
ments still limit their taut-band de-
signs to high-sensitivity microam-
meters where minimum friction and
loss are design essentials.

Westinghouse, on the other hand,
uses taut-band suspension for all its
general purpose panel instrument
lines.

Back in 1958, Westinghouse pio-
neered taut-band suspension in
heavy-duty switchboard type instru-
ments. These instruments were de-
signed for ruggedness, vibration and
shock resistance and high overload
capacity.

After several successful years in
the switchboard type, Westinghouse
adapted taut-band suspension to
portable instruments where perfect
repeatability, low loss, and high sta-
bility are essential. The trademark
Tbs® identifies Westinghouse taut-
band instruments.

Then in 1966, drawing from the
experience with the top-of-the-line
instruments, Westinghouse under-
took to design down to a general
purpose panel instrument line (USA
Specification C 39.1 in the 2% Class)
which would approach the ideal in
performance. As it turned out, the
entire line had to have taut-band
suspension to achieve the ideal, so
Westinghouse put taut-band into all
general purpose panel instruments.

In the Type 20/20 Custom Panel
taut-band suspension instrument
line, Westinghouse offers these
points of superiority:

Perfect Repeatability

Achieved by using a hysteresis-free
suspension ribbon made in Westing-
house’s own plant by a patented pro-
cess using secret techniques. This
ribbon makes the Westinghouse in-
strument so free of repeatability
errors that differences in successive
up-scale and down-scale readings
cannot be detected by ordinary
means.

High Overload Capacity

The taut-band does not depend on
its elasticity for torque. In most dc
Zb1 instruments, momentary over-
loads up to 10,000 percent (even
though they will heat the suspension
ribbon) will not damage the instru-
ment. In most ac instruments, how-
ever, the coils have a thermal limita-
tion at approximately 3,500 percent
momentary overload.

High Torque Design

Type 20/20 instruments were de-
signed to be the best 2% Class
general purpose panel instruments.
No compromise in overall perform-
ance was made in order to make
these same instruments also serve
to make specialized low-current,
low-loss measurements. Westing-
house has the Foundation Line of
high-sensitivity panel instruments
for this purpose. So the 20/20 was
designed with high torque mecha-
nisms for fast response and stability
in vibration environments.

Rugged Mechanism

The 20/20 panel instrument uses
several of the basic suspension fea-
tures of its big brothers, the #bz H1
Shock switchboard instrument, and
the Rough Service portable. Because
of the high-torque design, it is possi-
ble to use an extremely strong sus-
pension ribbon. The 20/20’s will be
unaffected by shocks which would
ruin most other instruments.

Maintained Accuracy

As with all taut-band instruments,
there are no wearing parts so the
life of the “bearings” is extremely
long. Instruments on life tests have
exceeded 30,000,000 excursions
from zero to full scale—each outlived
at least ten pivot and jewel instru-
ments in a parallel test.

Excellent Readability

The standard 20/20 instrument was
designed for quick, accurate read-

INFORMATION RETRIEVAL NUMBER 602
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ing within its accuracy
class. The pointer, the
numerals and the division
marks are bold and clear.
The scale arc tracks the end
of the pointer for maximum
length in each size case.
Divisions are always decimals
of 1, 2, or 5, just like a slide rule,
to minimize reading errors.

Special Purpose Types

On special order the instruments
may be furnished with fine-line dials,
tubular or knife-edge pointers, mir-
ror scales, multiple arcs, rear-of-
panel mounting, with or without
illumination, or just about any other
desired feature.

Westinghouse will try to discour-
age certain features which tend to
make the instrument appear to be
something that it is not. For example,
an instrument designed to USA
standards for 2% Class panel in-
struments will not become capable
of performance in the 2% Class
simply by “calibrating to 72 percent”
in the factory. If the customer needs
Y2 percent, Westinghouse will try to
sell him a true 2% Class, or let
someone else do the marginal job.

We hope you’ve found the West-
inghouse 20/20 Custom Panel in-
strument story of interest. Of course,
you are not yet convinced, but let
us convince you—with a sample. The
Westinghouse, or Westinghouse Dis-
tributor salesman will be anxious
to discuss your particular applica-
tion and to evaluate it in terms of the
advantages to you of using 20/20.
Where there may not be such ad-
vantages, as does happen now and
then, he will be frank to tell you.

Westinghouse Electric Corporation,
Relay-Instrument Division, P.O. Box
868, Pittsburgh, Pa. 15230.

You can be sure...
if it's Westinghouse
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Acton Action Labs Cohu Cohu Electronics Inc.
531 Main St. Box 623
Action, Mass. 01720 * A2 San Diego, Calif. 92112 % o i
(617) 263-7756 (714) 277-6700
Adage Adage Inc. Comark g:nmcaorr';\ %)tn(\i/
1079 Commonwealth Ave. X 424 80 Express St. X | a39
Boston, Mass. 02215 Plainvi Y. 118
(617) 783-1100 lainview, N.Y. 11805
(516) 433-4600
Allied Allied Radio Corp. Dana Dana Labs Inc.
100 N. Western Ave. 2401 Campus Drive
Chicago, l. 60680 5 ah Irvine, Calif. 92664 B e
(312) HA 1-6800 (714) 833-1234
Anadex Anadex Inst. Inc. Data Data Inst. Div.
7833 Haskell Ave. 7300 Crescent Blvd.
Van Nuys, Calif. 91406 A = Pensauken, N.J. 08110 ¢ g 8 s
(213) 873-6620 (609) 662-3031
Atec Atec Inc. Data Tech. Data Technology Inc.
Box 19426 1050 E. Meadow Circle
Houston, Texas 77024 i e Palo Alto, Calif. 94303 A i
(713) 468-7971 (415) 321-0551
Aul Aul Inc. Digilin Digilin Inc.
139-30 34th Road ¢ 6533 San Fernando Rd.
Flushing, N.Y. 11354 XX sy s Glendale, Calif. 91291 A A
(212) 886-0600 (213) 246-8161
AVO AVO - Dumont Dumont Oscilloscope Corp.
Gencom Div. i !
40 Fairfield Place
80 Express St. X X | 429 X a44
b W. Caldwell, N.J. 07006
Plainview, N.Y. 11803 (201) 228-3665
(516) 433-5600
Ballantine ?z!asnitni;sroczeration Dynamics Dynamics Inst. Co.
Box 97 X x | a30 583 Monterey Pass 4RdA X | 448
Monterey Park, Calif. 91754
Boonton, N.J. 07005 (213) 283-7773
(201) 334-1432
Bockbmia Tl iy Dynascience Dypascience Div.
2200 Wright Ave Whittaker Corp.
‘ gILENE. XS 431 9601 Canoga Ave. X[ X 446
Richmond, Calif. 94804 ch b Calif. 91311
(415) 526-7730 et b
(213) 341-0800
Binary Binary Electronics Dytronics Dytronics Co., Inc.
1429 N. State College Blvd. 4800 Evanswood Drive
Anaheim, Calif. 92805 X a2 Columbus, Ohio 13229 L
(714) 772-3070 - (614) 885-3303
B&K B&K Inst. Inc. E/D Electro Data Inc.
5111 W. 164th St. 1621 Jupiter
Cleveland, Ohio 44124 x| x| Garland, Texas 75040 X a48
(216) 267-4800 (214) 341-2100
Boonton Boonton Electronics Corp. EIP EIP Inc.
Route 287 at Smith Rd. 2353 De La Cruz Blvd.
Parsippany, N.J. 07054 X[ 434 Santa Clara, Calif. 95050 X X 449
(201) 887-5110 (408) 244-7975
Cal-Inst. California Inst. Corp. Eldorado Eldorado Electrodata Corp.
3511 Midway Drive 601 Chalomar Rd.
San Diego, Calif. 92110 Xy 435 Concord, Calif. 94520 X | X 450
(714) 224-3241 (415) 686-4200
i Eiazlrrgri‘egiavrforp Fed. Sci. Federal Scientific Corp.
1152 Morena Bivd X 436 S At e X 451
‘ ; New York, N.Y. 10027
San Diego, Calif. 92110 (212) 286-4400
(714) 276-3200
cmC CcmC Fluke John Fluke Mfg. Co. C
12970 Bradley Ave. . o Box 7428 % e
San Fernando, Calif. 91342 Seattle, Wash. 98133 % '-H"“a‘
(213) 367-2161 (208) 774-2211 2P;
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Gen Atro General Atronics Corp. Julie Julie Research Labs
1200 E. Mermaid Ave. X 452 211 W. 61 Street X | 466
Philadelphia, Pa. New York, N. Y. 10023
(215) 248-3700 (212) 245-2727
FR General Radio Co. Kay Kay Electric Corp.
22 Baker Ave. Maple Ave.
453 : 467
W. Concord, Mass. 01781 Pine Brook, N. J. 07058
(617) 369-4400 (201) 227-2000
Greibach Greibach Inst. Div. ’ g
Solitron Devices Inc. Keithley gg;t;éexli:‘ostécﬁo‘;p'
37-11 47th Ave. 454 s 468
4 Cleveland, Ohio 44139
Long Island City, N.Y. 11101 (216) 248-0400
(212) 937-0400
Heath Heath Co. Magtrol Magtrol Inc.
Benton Harbor, Mich. 240 Seneca St.
49022 5 Buffalo, N. Y. 14204 i
(616) 983-3961 (716) 856-7451
Hickok | Hickok Elect. Inst. Co. e Sransavntoatnl
10555 Dupont Ave P
PO eVE: 456 2445 Emerald St. 470
Cleveland, Ohio 44108 Philadelohia. Pa. 19125
(216) 541-8060 e bl
(215) 426-8602
HP Hewlett-Packard Co. Contact Mercury Mercury Electronics Corp. an
1501 Page Mill Rd. Local 315 Roslyn Rd.
Palo Alto, Calif. 94304 Sales Mineola, N. Y. 11501
(415) 326-7000 Office (516) 742-5400
Haneywell Honeywell 3 Measure Measurements
Test Inst. Div. Box 180
4800 E. Dry Creek Rd. 457 Boonton, N. J. 07005 472
Denver, Colo. 80217 (201) 3342131
(303) 771-4700
1B IB Instruments Inc. Medistor Medistor Inst. Co.
7016 Euclid Ave. 458 4503 8th Ave. 73
Cleveland, Ohio 44103 Seattle, Wash. 98107
(216) 431-4790 (206) 784-8141
Ind-Test Industrial Test Equip. Co. Micro Micro Inet Cax
20 Beechwood Ave.
Port Washington, N. Y 459 1e901 Cransiow fkd, 474
11050 sty Hawthorne, Calif. 90250
(516) 767-5253 (E1ent Pnh
Inst-labs Instrument Labs Corp. Millen James Millen Mfg. Co. Inc.
315 W. Walton Place 460 150 Exchange St. 475
Chicago, 1. 60610 Malden, Mass. 02148
(312) 642-0123 (617) 324-4108
Millivac Millivac Inst. Inc.
Itron Itron Corp. 1100 Altamont Ave.
11675 Sorrento Valley Rd. 461 Box 997 476
San Diego, Calif. 92121 Schenectady, N. Y. 12301
(714) 453-5300 (518) 355-8300
ITT-Jenn ITT/Jennings Monsanto Monsanto Electronics
970 McLaughlin Ave. 462 620 Passaic Ave. 477
San Jose, Calif. 95108 W. Caldwell, N. J. 07006
(408) 292-4025 (201) 228-3800
g s g e Muirhead | Muirhead Inst. Inc.
1101 Bristol Rd.
Box 1289 463 Eik 478
. Mountainside, N. J. 07092
Oakland, Calif. (201) 233.6010
(415) 834-3030
Jackson Jackson Elect. Inst. Co. N. Ross Polarad/Nelson Ross
315 Roslyn Rd. 464 5 Delaware Drive 479
Mineola, N. Y. 11501 Lake Success, N.Y. 11040
(516) 742-5400 (516) 328-1100
J-Omega J-Omega Co. NLS Non-Linear Systems Inc.
2271 Mora Drive 165 Box 728 480

Mountain View, Calif. 94040
(415) 961-2000

Del Mar, Calif. 92014
(714) 755-1134
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k { Spectran Spectran Div.
NA North Atlantic Industries Nortronics Corp.
Te(mnpal Drive X | a81 Box 878 X 496
Plainview, N. Y. Pompano Beach, Fla. 33061
(516) 681-8600 : (305) 942-5200
PAI Practical Automation Inc. Spedcor Spedcor Electronics
Trap Falls Rd. Route 79 X 297
Shelton, Conn. 06484 2 o Morganville, N. J. 07751 .
(203) 929-1495 (201) 591-1000
Philips Philips Electronics Srston gg;‘g’;ﬂg;"‘s‘i’ Grp:
750$S. Fulton Ave. x| x x | a3 Concord, Calif. 94520 G ¥ X -
Mount Vernon, N. Y. 10550 (415) 682-6161
(914) 664-4500
Tektronix Tektronix Inc.
Polarad Polarad/Nelson Ross Box 500 X | x 499
5 Delaware Drive X 484 Beaverton, Oregon 97005
Lake Success, N. Y. 11040 (503) 644-0161
(516) 328-1100
Tracor Tracor Inc.
Preston Preston Scientific 6500 Tracor Lane X 410
805 E. Cerritos Ave. X 485 La Austin, Texas 78721
Anaheim, Calif. 92805 (512) 926-2800
(714) 776-6400
Trio Trio Labs
Probe- I;'r]o]b;scggg Cz. gggcz&“ﬁty 11803 X an
scope obbins Lane T
Syosset, N. Y. 11790 X 486 (516) 681-0400
it o nie0 Triplett Triplett Elect. Inst. Co.
286 Harmon Rd. X a2
Quan-Tech | Quan-Tech Labs Bluffton, Ohio 45817
45 S. Jefferson Rd. X 487 (419) 358-5015
Whippany, N. J. 07981
(201) 887-5508 TSC Time Systems Corp.
f " 265 Whisman Rd.
Radiometer | Radiometer Mountain View, Calif. 94040 X b
Tt London Co. (415) 961-9321
811 Sharon Drive X 488
Westlake, Ohio 44145 Tyco Tyco Instrument Div.
(216) 871-8900 Hickory Drive X 24
RCA Radio Corp. of America Waltham, Mass. 02154
Elect. Components & (617) 891-4700
Devices X X 489
Harrison, N. J. 07029 Un-Syst United System Corp.
(201) HU 5-3900 j 918 Woodley Rd. X 25
Dayton, Ohio 45903
R-S Rohde & Schwarz (513) 254-6251
111 Lexington Ave. X
Passaic, N. J. 07055 B leR o Vidar Vidar Corp.
(201) 773-8010 77 Ortega Ave. X 416
Mountain View, Calif. 94041
Sencore Sencore (415) 961-1000
426 S. Westgate Drive
Addison, |||,gsmg1 X 49 Waterman Waterman Inst. Corp.
(312) 543-7740 400 S. Warminster Rd. X 417
Hatboro, Pa. 19040
Siemens Siemens America
Telcom Div.
350 Fifth Ave. X 492 Waveforms | Waveforms :
11922 Valerio St.
New York, N. Y. 10001 ; X 418
? N. Hollywood, Calif. 91605
(212) LO 4-7674 (213) 764-1500
Simpson Simpson E!ec(ric Co. Wavetek Wevetek
o REL x| x [ x 493 9045 Balboa Ave. ol B
hicago, IIl. 6 San Diego, Calif. 92123
A (714) 2792200
Singer lTn:? Sl;rilser £, Weston Weston Instruments
915 Pembroke St. X 494 "fl‘e‘:v :r’f",’\‘lg']“\g]"lﬁve- T 420
Bridgeport, Conn. 06608 201) 2"‘3_47‘00
(203) 366-3201
Spectral Spectral Dynamics o h)jl?ri):)ni fnst
et X 4% 111 Cedar Lane X a2
San Diego, Calif. 92112 Englewood, N, J. 07631
Sl (201) 567-0607
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W Five full digits plus “1" for 20, /
overranging ;
B Basic unit measures 0to 1100 vo!ts;
dc in three ranges
¥ Auto ranging and polarity wit
. active 3-pole switchable filter
H 25 millisecond sampling speed
B Full systems capability with timm'
_signals and ready indicator
B Low cost options include ac volt
age, millivolt-ohms, external refer-
ence (ratio) and fully isolated
remote programming and data
output.
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The first really new DVM

in a decade

Announcing the Fluke 8300A, a 0.005°%» digital voltmeter with full systems capability for $1295

There are a lot of good DVM's around. All but one
share a common set of faulis —overwhelming com-
plexity and high cost. And as you might guess, the
DVM that beats the others caold is the new Fluke
8300A.

Why?

Because Fiuke uses a new A fo D technique which
reduces componentry by up to 500 percent. Obvi-
ously, when components are eliminated, good things
happen. Power requirements go down, reliability
goes up, circuitry is simplified, troubleshooting is
speeded and reduced. Most important o the system

Fluke, Box 7428, Seattle, Washington 98133, Phone: (208) 774-2211. TWX: 910-449-
2850, In Europe; address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland,
Phone: (04250) 70130. Telex: 884-50237. In the U.K., address Fluke International
Corp., Garnett Close, Watford, WD2 4TT, Phone: Watford, 27769. Telex: 934588,

designer, lowered costs mean we can invest some of
the savings in features you need in a DVM. ; ;
With all its features and accuracy, the Fluke 5-digit
DVM sells for less than many 4-digit units. We price
the options low, too. A fully loaded Fiuke 8300A selis
for $2995. Comparable but not equal competitive mﬁ
struments cost as much as $5000,

And when the Fluke names goes on the front ydu
know you’re getting quality instrumentation...in
keeping with the Fiuke philosophy of bringing you
standards lab performance in portable instrumenta-
tion.







SELF-SCAN

PANEL DISPLAY
elimimates up to 90%
of drive electronics

SELF-SCAN panel displays repre-
sent a Burroughs invention of panel
design and circuitry that permits
time sharing of the cathode electrode
drivers in a flat panel display using
gas discharge light emitters. Conse-
quently a savings of up to 909% of
the electronics required to drive the
dot matrix display is realized.

For informational purposes the
SELF-SCAN panel display can be
thought of as a dot matrix panel
with common cathode strips capable
of glowing on both front and back
sides. The glow on each side of the
cathodes is independently controlled
by a set of anodes located on the
front and back of the panel. The rear
portion of the display consists of 7
glow-priming anodes which work in
conjunction with 111 vertical cath-
ode strips (common to both sets of
anodes). These cathodes are inter-
connected in three groups of 37 cath-
odes each and connected to a three

phase clock which sequentially brings
each cathode to ground potential. As
each cathode is grounded in se-
quence, the glow is transferred to the
adjacent cathode. This transferred
glow at the rear of the panel is not
discernible from the front. (The il-
lustration shows the first cathode
grounded and glow at the 7 rear an-
ode intersections.)

When it is desired to display a dot
on the viewing surface, the front glow
transfer anodes are
utilized. (The glow trans-
fer anodes and common
cathodes make up the
front matrix.) The ap-
propriate transfer-anode
is selected in synchron-
ism with the cathode
and the glow transfers
forwardto the panel front
for viewing. (The illus-
tration shows the top
and center dots on
the first cathode trans-

Burroughs .
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ferred for viewing.) The whole dis-
play panel is refreshed and updated
to produce a bright flicker-free
display.

As a normal dot matrix panel re-
quires a cathode driver for each
cathode (80 high-voltage drivers re-
quired for a 16 digit display) and
the SELF-SCAN panel display re-
quires only 3 clock controlled cath-
ode drivers regardless of the number
of digits, the significance of this
development is immedi-
ately apparent.

The SELF-SCAN panel
display has unlimited ap-
plications, as alphanu-
meric and graphic mes-
sages can be presented
with simplicity.

Write today for des-
criptive brochure, Bur-
roughs Corporation, Box
1226, Plainfield, N.J.
(201) 757-5000.



Get the most
out of your DVM

The first digital voltmeters had very limited
capabilities. They measured only dc voltages, and
even then the lowest full-scale range was 10
volts. The measurement accuracy of these early
devices was an order of magnitude better than
that of the finest analog instruments available
today, but this high accuracy uncovered many
new sources of errors: loading errors due to high
source resistances, superimposed noise from
noisy power supplies, and common-mode voltage
from ground-loop currents. New developments in
test equipment have made digital voltmeters
impervious to these and other sources of error.

In addition to making accurate voltage meas-
urements under varying conditions, modern
digital voltmeters can also be used to solve a
wide variety of other measurement problems.
Most digital voltmeters are actually multimeters,
measuring resistance with milliohm accuracy;
low-level de voltages to 0.1-uV resolution; and
ac voltages, in addition to high-level dec volts.
Also, several are classed as ratiometers, capable
of displaying scaled MV /volt ratios from trans-
ducers and ac transfer functions such as ampli-
fier gain.

Several common measurement problems are
presented here together with the various tech-
niques in which digital voltmeters are used to
solve them.

Signals from high impedance sources

High performance, regardless of source char-
acteristics, is a very desirable feature to look for
in a digital voltmeter, since the exact nature of
the voltage source on which measurement is to
be made is usually not known when the instru-
ment is purchased. High source resistance and
source capacitance can degrade the accuracy of
the DVM by several orders of magnitude. To
provide this source—independent measurement

Barton A. Weitz, Product Marketing Manager, Dana
Laboratories Inc, Irvine, Calif.
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capability, the digital voltmeter must have a
high input resistance, low current error, and no
“kick-back” current-parameters.

A digital voltmeter measures the voltage drop
across its input terminals; thus any resistance
causing a voltage drop at the signal source or in
the signal leads will cause a loading error. If the
input resistance of a digital voltmeter is 10 MQ,
source resistances up to 1 kO will cause less
than 0.001% loading error. However, many com-
monly measured signals have source resistances
much greater than 1 kQ. For instance, the col-
lector voltage on the input transistors in modern,
high-performance, operational amplifiers can
have up to 500-kQ) source resistance. In this
situation, the accuracy of a digital voltmeter
with only 10 MQ input resistance would be
limited to 5%, even if the instrument’s specifica-
tion sheet indicates a basic accuracy of 0.0025%.

To reduce loading errors, many digital volt-
meters use potentiometric input amplifiers, there-
by developing input resistances greater than
10,000 MQ. The loading error is less than 0.005%
when a potentiometric input is used to measure
a signal with 500-kQ source resistance.

High input resistance does not solve all prob-
lems associated with source characteristics. The
input amplifier in a digital voltmeter, like all
amplifiers, has a voltage and current error. For
example, a 1-nA current offset will cause a
0.1% (100 uV) measurement error when meas-
uring 10-mV output from a thermistor trans-
ducer with a 100-k(Q source resistance. This error
is independent of any loading error that might be
caused by a low input resistance. In fact, the error
caused by current offset is usually more serious,
since the loading error will decrease to zero as
the input signal is reduced to zero, but the error
caused by current offset will remain the same,
indpendent of input signal level. Thus, a 100-puV
error in the previous example will cause a 0.1%
error when a 10-mV signal is measured and a
1% error when the input signal is reduced to 1
mV. The offset current of a digital voltmeter is
rarely specified.
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Another digital-voltmeter characteristic that
is rarely specified is ‘“kickback” current. Some
digital voltmeters use zero stabilization tech-
niques that kick back current into the input volt-
age source. This kickback can cause significant
errors in the measurement of capacitive sources
such as the output of filtered channels in a data
acquisition system. Essentially, the source capaci-
tance stores up the kickback current and intro-
duces a voltage offset.

Dc signals in the presence of noise

High-accuracy digital measuring instruments
have introduced new problems in the area of
inaccuracy due to electrical noise on the signal
to be measured. Many analog meters are not
bothered by noise. Usually, the meter movement
essentially filters out superimposed noise, and
the battery operation isolates them from ground-
loop problems. But the accuracy of any digital
voltmeter can be severely degraded by electrical
noise. An ideal dec measurement situation would
occur when the unknown voltage has no ac com-
ponent and the low-potential side of the unknown
signal corresponds to the low-potential side of
the digital voltmeter’s power supply. Unfortu-
nately, superimposed noise and ground loops are
often encountered in practical measurement
situations.

Two types of noise signals affect digital-
voltmeter accuracy: normal-mode noise and com-
mon-mode noise. Fig. 1 can be considered a
typical measurement environment for a floating-
input DVM, where R, represents the source re-
sistance, R. the system unbalance, R, the leakage
resistance to ground, and C, the leakage capaci-
tance to ground. V, is the signal source.

Normal-mode noise consists of those unwanted
signals that are in series with the signal source.
This is noise that exists between the high and low
input leads. This is shown as voltage V; in Fig. 1.
It is produced by noise in the signal source, elec-
tromagnetic effects from power lines or parallel
signal lines, and radio frequency interference.

Common-mode noise may be defined as an un-
wanted signal common to both the high and low
input leads. In most cases, it is produced when
the signal source and the digital voltmeter are
operating at different potentials. A ground loop
is developed as a result of current flow in the
impedance separating the signal source ground
and the digital-voltmeter ground.

The normal-mode noise rejection capability of
a digital voltmeter is a function of the noise fre-
quency. Since 60-Hz noise is the most common
noise, manufacturers often specify noise rejec-
tion at 60 Hz, rather than completely describing
the noise rejection characteristic of the digital
voltmeter with a chart like that shown in Fig. 2.
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1. A typical DVM measurement environment is shown
for the case of a floating input.
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2. Normal mode noise rejection of a DVM is a function
for signal levels from zero to full scale.

The normal noise rejection characteristics of an
integrating digital voltmeter might be adequate
for 60-Hz noise but insufficient for other noise
frequencies such as 400 Hz, a common power-
supply frequency in ground-support equipment.
In fact, the noise rejection of an integrator is
calculated to be 48 dB for a deviation of +=0.15%
from 60 Hz. Since short-term power-line devia-
tion is #0.15% typically in North America, the
actual line frequency noise rejection of an inte-
grating DVM is only 48 dB, and not indefinite as
some manufacturers claim.

The normal-mode rejection specification, in
Fig. 2, should apply at all signal levels from zero
to full scale. Some voltmeters without an input
filter reject noise only up to a certain level. Above
this level, the input circuit saturates, and the
rejection ratio is substantially reduced. For ex-
ample, the input signal to an integrating DVM
is 6 V dc with 8 V of 60-Hz noise, the input
amplifier sees the waveform shown in Fig. 3a.
Since the input amplifier is generally designed
with a +11-V operating range, the positive por-
tion of the input waveform is clipped, as shown
in Fig. 3b. The resultant waveform into the inte-
grating circuitry is no longer symmetrical, and
the integrator will not introduce dec error. When
this situation occurs, a maximum level of input
signal plus noise is often quoted in the specifica-
tion.

The susceptibility of a digital voltmeter to
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noise produced by ground potential is specified
as common-mode rejection (CMR) ratio. This
parameter defines the amount of normal-mode
noise produced by a voltage difference between
the input circuit and ground with known condi-
tions of source unbalance and frequency. A typi-
cal specification would be: 120-dB CMR with
0-100-Q source unbalance in either input lead,
de or 60 Hz.

The CMR specification indicates that either
input lead is isolated from any other ground (ac
power line, electrical output, program input, etc.)
by an impedance whose magnitude at 60 Hz is
equal to the product of CMR ratio and the source
unbalance. This would be 100 MQ. It can also be
expressed as ‘‘stray”’ capacitance of 27 pF at
60 Hz.

This degree of intrinsic isolation can be ob-
tained only by using guard-shield techniques. The
entire intrument must be enclosed within an elec-
trostatic shield. All power supplies contained
must use well-shielded transformers. Any electri-
cal outputs and program leads must not “ground
contaminate” the electrostatic environment es-
tablished. To be a true ground shield, this
electrostatic shield must also enclose the input
circuit and be referenced to the source of com-
mon-mode voltage.

Many digital voltmeters include, within the
60-Hz CMR specification, the effect of an input
filter, or the notch filter action obtained by inte-
gration. This provides the instrument with an
apparently high CMR, although the intrinsic
CMR (isolation) of the instrument might be only
60 dB. The addition of 60 dB of input filtering
provides an apparent CMR of 120 dB (see
Fig. 4).

The improvement in CMR gained by this tech-
nique is usually at the expense of measurement
speed and is useful only for de¢ measurements.
The use of an input filter to provide CMR equiva-
lent to that of a guarded instrument requires
that the measurement time be increased to in-
clude the filter settling time. The comparison is
at an equal noise level resulting from an equiva-
lent common-mode source. This factor becomes
particularly important when the instrument is
used in an automatic test system that requires
input scanning.

The value of the guard-shield technique be-
comes more important when high-accuracy ac
measurements are considered. The input filter
used to improve the 60-Hz CMR for dc measure-
ments cannot be used for ac. This reduces the
CMR to the intrinsic value. If this value is low,
large ac measurement errors can result.

The operator may not be aware of this error,
as the displayed reading could appear stable. For
example: 60-Hz noise due to ground potentials
could be superimposed upon a signal near to 60

D14

Hz. The resulting dc value, after rectification by
the ac converter, would contain errors caused by
the 60-Hz ground potentials. It is even possible
for the noise voltage to exceed the signal, in
which case the reading would be in error. This
type of noise might exist only during the test, due
to poor isolation of the digital voltmeter. This
could cause further complications, such as the
rejection of another manufacturer’s product for
failing an acceptance test.

Measuring ac voltages accurately

The growing popularity of dynamic testing is
placing more demands on digital voltmeters to
make fast, accurate rms measurements of ac
waveforms. Digital voltmeters presently on the
market display only one parameter on an ac
waveform.

When a single number is used to characterize
the magnitude of an ac signal, a question arises
as to which property is the most useful one.
There are three commonly used values: peak,
average, and rms.

When using an oscilloscope to measure an ac
signal, the peak or peak-to-peak value is usually

" measured. This is the critical parameter when

determining whether an unknown signal will
overdrive an amplifier. In many applications, the
peak value would give no information. As an
example, random noise has infinite peak value
and thus cannot be measured with a peak de-
tecting instrument.

It would seem that the rectified average value
of a waveform would be much more useful since
the value depends on the whole waveform, not
just one point—the peak value. Unfortunately,
the average value seldom occurs in the mathe-
matical treatment of waveforms.

In most cases, rms value is the most important
signal parameter to know. For example, in linear
circuits, the power dissipated is directly pro-
portional to the rms voltage. The rms value is
so important that the National Bureau of Stand-
ards (NBS) uses the value to define the standard
ac volt. This is why virtually all ac voltmeters
are calibrated to display the rms value, even
though the ac conversion technique used does
not measure rms directly. The ac measurement
accuracy varies dramatically, depending upon
the ac conversion technique used in the digital
voltmeter.

These techniques can be grouped into two
categories; direct and indirect. Direct measuring
techniques, “thermal” and “computing,” use cir-
cuitry to approximate a square law response,
thereby determining the actual rms value of the
waveform. Indirect techniques, “average” and
“peak,” measure a characteristic of the wave-
form and scale the measured value to indicate
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3. Waveform of an input signal to an integrating DVM
is shown for 6 V dc signal with 8 V of 60 Hz noise (a).
If the amplifier has a +11 V operating range, clipping
results, as shown in (b).
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4. Use of an input filter provides a CMR equivalent to
a guarded instrument.

the rms units. The scale factor used is based on
the mathematical relationship between the meas-
ured characteristic and the rms value of a pure
sine wave.

Average responding technique

The average responding technique offers good
stability, sensitivity, and fast measurement speed
at a relatively low cost. A block diagram of an
average responding converter would show a full
or half-wave rectifier followed by a filter that
performs the “averaging” function. By multipole
active filters, settling times of 100 ms for wave-
forms above 400 Hz, and 300 ms for waveforms
about 50 Hz, can be realized. Gain is introduced,
permitting the display to be calibrated in rms
units.

The average-responding ac conversion tech-
nique, like all indirect techniques, has one serious
drawback. Small amounts of distortion in the
measured signal can cause gross errors. Errors
caused by this distortion, when measuring an
rms value, are a result of the indirect nature of
the technique. The calibration of the average
responding converter is based on the precise
mathematical relationship between the average
value and the rms value of an undistorted sine
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wave. This relationship is: (E, = peak value).
The output of the average responding con-
verter is multiplied by 1.11 to display the meas-
urement in rms units. In practical situations,
there are no undistorted sine waves. The typical
power line has between 1 and 3% distortion.
Test oscillators are specified at 0.1% distortion
levels. With only 3% distortion the accuracy of
a 0.1% average responding converter can be
degraded to 1%. In the case of a square wave, a
common waveform encountered in circuit testing,
the accuracy of an average responding converter,
vs the true rms value, is degraded to 11%. The
inherent error is a function of the magnitude,
harmonic content, and phase of the distortion.

Peak detecting and thermal measurements

The peak-detecting technique has been used
longer than any other indirect measurement tech-
nique. Like the average responding technique, it
is indirect because it measures peak amplitude
and indicates rms value. This technique is con-
sidered unsuitable for high-accuracy rms ac
measurements. This is due to small amounts of
distortion that cause far more significant errors
in peak-detecting ac converters than in average
responding converters. This technique is also in-
herently more susceptible to noise.

The thermal rms technique is a direct conver-
sion technique capable of yielding excellent ac-
curacies, even when measuring waveforms with
very high distortion levels. Essentially, digital
voltmeters using thermal rms converters auto-
matically scale and compare the power dissipa-
tion in a thermocouple of a known dec voltage
and an unknown ac voltage.

When a comparison has been achieved, the dc
voltage is displayed. This technique is based on
the same principle used in secondary standards;
however, the implementation of this technique is
rather costly ($1200 to $2500) due to the exten-
sive circuitry being required to overcome the
limitations of the thermocouple.

The thermal rms conversion technique has the
disadvantages inherent within circuitry using
thermo-elements. Measurement speed is slow
(2500 ms) due to the response time of the ther-
mocouple. Thermocouples limit the sensitivity of
the device, and the thermocouple output will fol-
low a low-frequency wave rather than provide
the rms value, thus limiting low frequency re-
sponse to 45 Hz.

New technique has advantages

A new ac conversion technique' has recently
been developed using building blocks from high-
speed analog computers. The computing rms
technique provides measurement speed, dynamic
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range, frequency response, and economy com-
parable to average responding techniques. Meas-
urements can be made as accurate as thermal
rms converters, in the presence of distortion
levels.

The heart of a direct rms converter is the build-
ing block with a square response. In a thermal
rms converter this function is really used as a
thermal element. In the new rms converting tech-
nique the thermal element is replaced by a piece-
wise linear approximation developed with biased
operational rectifiers. The problems associated
with older curve-fitting techniques are overcome
by using operational rectifiers to generate the
straight-line segments. By placing the diodes in
feedback with operational amplifiers, the depend-
ence on diode characteristics is eliminated. Using
precision resistors, the breakpoints can be placed
accurately with the assurance of good, long-term
stability. The additional use of feedback scales
the approximation in proportion to the converter
outputs, and thus the over-all accuracy of the
approximation is increased even when measuring
low-level signals.

In summary, then, all ac converter techniques
are capable of measuring undistorted sine waves
with high accuracy. In practical situations where
1% to 3% distortion is present or when measur-
ing triangle or square waves, direct conversion,
either computing rms or thermal techniques, must
be used if accuracies better than 1% are re-
quired. When accurate measurments of highly
distorted waveforms, such as low-duty ecycle
pulse trains are required, thermal rms conver-
sion techniqgeus must be used. However, measure-
ment speed, sensitivity, and low-frequency re-
sponse must be sacrificed.

Unstable excitation sources

In an effort to provide high-speed, accurate,
low-cost measurement capability, several digital
voltmeters have been designed with ratiometer
capability. There are now instruments that can
directly measure ac/ac, ac/de, de/ac, and de/de
ratios. The ratio capability allows the user to
directly display such parameters as amplifier
gain, transformer turns ratio, voltage divider
ratios, and the gauge factor of transducers with
greater accuracies than could be obtained by
making two separate measurements and perform-
ing the division “on paper.” This ratio capability
has an obvious benefit in terms of speed and ease
of operation. By using the ratio measurement
capability, the over-all measurement cost can
be reduced. Often, less expensive excitation sup-
plies with poorer stability can be used, since the
ratio measurement usually cancels out the effects
of excitation supply instability. This is particu-
larly important as ac measurements, since stable
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ac sources are quite expensive.

There are basically three different ratio meas-
urement techniques commonly employed in digi-
tal voltmeters: (1) three-wire, real-time, (2)
four-wire, real-time, and (3) quotient. These
techniques offer a variety of tradeoffs between
accuracy, capability and price.

Three, four wire and quotient techniques

The signal input, E,;,, and the reference
input, E,.., share the same common ground
when the three-wire, real-time technique is used
in a digital voltmeter. The reference and input
signal voltages are compared at the same time;
thus errors caused by instabilities in the excita-
tion supply are canceled out. Since the reference
voltage is substituted for the internal DVM
reference, all errors associated with the internal
reference will not affect measurement accuracy.
This results in three-wire ratio measurements
more accurate than absolute measurements. Since
the common ground is shared, this technique
permits the measurement of ratios emanating
from three-wire devices.

By using the four-wire real-time technique,
four-wire ratio measurements can be made. This
technique is implemented by using a floating
differential amplifier for the input signal.

By using a floating input to achieve four-wire
ratio capability, the benefits of real-time ratio
measurement, the elimination of errors due to
instability and the improvement in accuracy over
absolute measurement accuracy are realized.

Four-wire measurement capability can be real-
ized by simply measuring the input signal and
storing the result; then measuring the reference
signal, dividing the input signal by the reference,
and displaying the result. This is accomplished
automatically in a digital multimeter using the
dual-slope analog-to-digital conversion scheme.

The quotient technique is very economical.
Only one signal channel is required, permitting
ac/ac ratio measurements to be made with only
one ac converter. Two converters are required
in real-time techniques.

The quotient technique does not make a real-
time comparison between two signals. The input
signal and reference signal are measured at dif-
ferent instants of time.

The quotient technique does not produce real-
time ratios; therefore errors caused by source
instabilities are still present, and the measure-
ment accuracy is generally twice as bad as the
absolute measurement accuracy, and measure-
ment speeds two times slower than real-time
ratio techniques. mm ‘
Reference:

1. Ochs, Gene and Richman, Peter, “Curve Fitter Aids

the Measure of RMS by Overruling Square-Law Slow-
downs,” Electronics, Sept. 29, 1969, pp. 98-101.
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Cimron’s DVM outguns the rest!

We don’t believe you can match this second genera-
tion digital multimeter for speed, accuracy and sta-
bility in this price range. It provides you with the
greatest number of options, including sample and
hold, AC, millivolts and ohms. With the autorange
and combined ohms/millivolt converter plugged in,
it can autorange through all 6 DC ranges. For systems
applications it has a digitizing rate of 1,000 readings
per second, but that’s only part of the story. It offers
5 printout options, buffered or non-buffered remote
control of all front panel functions and unparalleled

flexibility for interface design. The handles retract so
it can be flushmounted in a rack. Pushbutton controls
are mounted directly to the master pc board, mini-
mizing hand wiring for even greater reliability. All IC
logic and the newest design features insure that it
won’t be obsoleted before you turn around. The
basic Model 6653A, including DC and DC ratio func-
tions with an accuracy of %=1 digit, is just $1740.
And it all adds up to Cimron customern concern!
Write to Cimron, Department D-119, 1152 Morena
Boulevard, San Diego, California 92110.
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Digital Voltmeters (dc)

Voltage Ranges Qutput
Speed Input Price
Minimum | Maximum Accuracy | readings | Impedance Misc. Approx

Manufacturer Model mV \ % per sec MQ Signal Printer Features S
Un-Syst 251/251-3 2 0.01 1 0.05 2.5 10 n yes R m 740
Cal Inst 8302 5 0.01 10 0.01 5 10-1000 BCD yes R 1145
Dana 5400/015 1 1 10 0.01 500 1000 BCD ina C,R 2300
Adage VS12-AD 3 1000 100 0.05 ina 100, 000 BCD n/a R 3500
Adage VS16-AD 3 1000 100 0.01 ina 100,000 BCD n/a n 3700

D1
Adage VT14-AB 1 5000 100 0.01 ina 100 yes n/a R 6000
PAI PDM=-611-1 5 199.9 199.9 0.1 3 10-1000 BCD yes C, R u 500
Dana 4500 4 0.1 500 0.1 55 1 BCD ina R ay 1300-1800
Dana 5400/050 6 0.001 750 0.01 500 1000 BCD ina C,R b 3200
Greibach 620 3 1 750.0 +0.05 ina 10-1000 BCD yes iR ab 1175
Greibach 630S 5 100 750.00 0.01 ina 0.11-10 BCD yes C,R g 3595
Hickok DP100 5 0.1 999 £0. 1 10 10 ina yes = fi 550
Hickok DP110 6 0.001 999.9 £0.05 10 10 ina yes C fi 85
Greibach 85 4 100 999.99 +0.01 100 10-10,000 | BCD yes R bef 5075
Dana 5700 6 0.0001 1000 0.0025 75 10, 000 BCD ina C,R b 4100-6800

D2
Dana 5500/135 5 0.001 1000 0.005 65 10,000 BCD ina C,R b 3000-4000
Dana 5740 6 0.001 1000 0.0025 75 10, 000 BCD ina C,R b 4700-9000
Cal Inst 8101 5 0.01 1000 0.05 5 10 10-line | yes P 1095
Dana 5400/035 5 0.01 1000 0.01 500 10, 000 BCD ina SR b 1600-3000
Dana 4500 5 0.01 1000 0.01 55 10, 000 BCD ina C,R b 1300-1800
NLS X-3A é 0.01 1000 0.1 20 10-100 yes n/a G, R d 765
Un=Syst 211 5 0.02 1000 0.05 4 2 yes n/a C 239
Un=-Syst 214 <) 0.05 1000 0.05 9 2 yes n/a € km 269
NLS X-1 3 0.1 1000. 0.0008 43 10 BCD yes C,R klpg 2785
Un=Syst 251/251-4 4 0.1 1000 0.01 2 1000 n yes R 795

D3
Monsanto 200A 4 0.1 1000 0.05 4 10 BCD yes Gk dq 895
AVO DA 112 5 0.1 1000 0.1 ina 10 BCD yes £ ah 495
Dynascience DN1440 3 1 1000 +0.01 10 10, 10,000 | BCD yes C,R abe 995
Un~-Syst 251/251-1 3 1 1000 0.05 4 10 n yes R 595
R&S UGz 3 1 1000 +0.02 1 10 yes yes G b 1875
Dana 5400/060 3 1 1000 0.01 500 1000 BCD ina C,R b 2400-3400
Cal Inst 8000 3 1 1000 0.05 5 10 10-line | yes C,R Ip 845
Data 155 4 1 1000 +0. 1 ina 10 n/a n/a C 498
Ballantine 355 5 1 1000 0.25 ina 2 n/a n/a C P 695
Ballantine 353 5 1 1000 0.02 ina 10 n/a n/a & 353

D4
Data Tech 370 5 1 1000 £0.0025 | 5 1000 BCD yes c blp 1900
Eldorado 1820 5 1 1000 0.01 10 1000 BCD yes C adx 675
Eldorado 1810 5 1 1000 0.1 10 1000 n/a n/a & iv 350
Vidar 502 6 10 1000 £0.007 35 1000 n/a yes R 2500
Vidar 520 6 10 1000 0.0004 70 1000 n/a yes R g 4500
Vidar 521 6 10 1000 0.0004 70 1000 n/a yes R g 4800
Cohu 5018 4 100 1000 0.01 0.5 10 yes yes R 3600
Data Tech 350 4 100 1000 +0.01 5 1000 BCD yes C br 695
Fluke 8300A 4 100 1000 0.005% 40 10 BCD yes C,R di 1695
Systron 7100A 5 100 1000. 0.01 5 10-1000 BCD yes C,R blg 2175

D5
HP 3439A 5 100 1000. +0.05 3 10.2 n/a n/a R | psx 1400
HP 3440A o 100 1000. +0.05 5 10.2 BCD yes R I psx 1610
R&S uGwD 5 100 1000 0.3 3 0.1-10 n/a n/a (! a 660
HP 3430A 5 100 1000 +0. 1 2 10 n/a n/a (e bvw 595
Preston 723C 5 100 1000 +0.01 10 10 BCD yes (& let 895
Preston 7238 5 100 1000 +0.01 10 10 BCD yes C,R It 645
HP 3450A 5 100 1000.00 | *0.008 | 15 101% BCD yes R kpy 3150
HP 2402A 5 100 1000 0.01 43 1 BCD yes C,R gl 4800
Honeywell 500 5 100 1000 0.2 1 2-50 n/a n/a (& a 250
Honeywell 333 5 100 1000 0.8 1 1-10 n/a n/a R a 345

D6
HP 2401C 5 100 1000 0.01 10 10 BCD yes R lp 4100
Beckman 653 5 100 1000 +0. 1 ina 10k-1 BCD yes C,R z 600
Data Tech 361 5 100 1000 £0. 1 5 1000 BCD yes c 345
Data Tech 3618 5 100 1000 £0. 1 5 1000 BCD yes (e h 345
Cohu 510 5 100 1000 0.01 1.4 10 BCD yes c bq 875-1200

Misc. Features, see page D22.

Manufacturers and model numbers, see page D20.
Reader service numbers for literature and application notes, see page D6.

D18

ELECTRONIC

DESIGN 24, November 22, 1969




Get away from quavering needles. End
interpolations, extrapolations, and meter
readings by conjecture. Now you can move
up to digital readout with the one low cost
digital panel meter with automatic zero
adjust. With the new Digilin Type 250 you
never worry about accuracy or unchecked
drift. The 250 takes away the opportunity
to make mistakes.

And while you gain day-in, day-out
solid-state reliability and digital accuracy,
the Type 250 — an industrial designer’s
masterpiece in brushed aluminum —
brings an appearance of elegant precision
to your system.

Now check these other important
features:

Easy, external programming. With the

The $99.00
digital panel meter
you never have
to zero adjust

250, it’s easy to take advantage of quan-
tity prices. Stock one meter type. Change
to a wide variety of current, voitage, or
resistance ranges and change decimals all
from the rear.

No internal adjustments. All ranges
and functions are programmable from the
rear panel. Calibration is accomplished by
a single front panel vernier adjustment.

Constant high input impedance. No
errors due to circuit loading.

Best visibility. Big 0.6” numbers.
Parallax-free, filtered wide-angle viewing.
Memory capacity gives no-blink display.

Fit-anywhere size. Just 4.38 by 3.13
inches. Only 3.12 inches behind panel.

Assured reliability. Exclusive Digilin
100-hour factory burn-in test is the most

digilina

DIGITAL INSTRUMENTS

INFORMATION RETRIEVAL NUMBER 606
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rigorous in the industry.

How do we give you more features and
better quality at the same low price? Be-
cause of Digilin innovations in circuitry,
design, and manufacturing processes, the
step-ahead technology that never means
compromise.

At $99.00 each in lots of 100, now you
can well afford digital readout where
you can’t afford to make mistakes. Get in
touch with Digilin today and get off the
needle. Digilin, Inc., 6533 San Fernando
Rd., Glendale, Calif. 91201. Telephone
213-246-8161, Ext. 401. (A division of
Dura-Containers, Inc.)

Need 3-digit readout? Type 330 has
same features as the 250, costs just $129
(100-units).
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Digital Voltmeters (dc)

Voltage Ranges Qutput
Speed Input Price
Minimum | Maximum Accuracy | readings | Impedance Misc. Approx
Manufacturer Model No. mV \% % per sec MQ Signal Printer | Mounting | Features S
Systron 9210 5 120 1000.0 0.01 10 10 BCD yes EyR bq 1325
Systron 9310 5 120 1000. 0 0.01 10 10 BCD yes C,R dq 1445
Systron 9240 5 120 1000.0 0.01 10 100 BCD yes (¢ aq 1725
Systron 9340 5 120 1000.0 0.01 10 1000 BCD yes CoR aq 1795
Systron 9015 5 150 1000 0.1 3-6 10-1000 n/a n/a C a 495
D7
Weston 1241 5 200 1000 £0.5 5 10-1000 n/a n/a C,R a 325
Systron 7000A 3 1000 1000.0 0.01 5 10-1000 BCD yes (e i 1175
HP 3462A 4 1000 1000.000 | #0.004 | 1.1 1010 BCD yes R 4900
Preston 723A 4 1000 1000 £0.01 10 10 BCD yes C,R t 485
Preston 722C 4 1000 1000 0.1 10 10 BCD yes C,R Ipt 395
Preston 7228 4 1000 1000 0.1 10 10 BCD yes ErR i 295
Simpson 2700 4 1000 1000 +0.05 0.5 10.2 BCD n/a C,R Ims 615
HP 34608 4 1000 1000. 00 +0.004 15 10100 BCD yes R ip 3800
Systron 7200 4 1000 1000. 00 0.005 3 1-10kM BCD yes G, R dq 3500
Tyco 404 4 1000 1000 0.02 1.6 10-1000 BCD yes C,R 595
D8
Digilin 340 4 1000 1000 0.1 10 100 n/a n/a = a 345
Digilin 341 4 1000 1000 0.1 10 100 n/a n/a (e ah 395
Vidar 501 4 1000 1000 +0.007 9 1000 n/a yes R 1500
Systron 9200 4 1200 1000.0 0.01 10 10-1000 BCD yes C bq 1175
Systron 9300 4 1200 1000.0 0.01 10 10-1000 BCD yes C,R dq 1195
Systron 9220 4 1200 1000.0 0.01 10 1 BCD yes C,R Pq 1325
Systron 9320 4 1200 1000.0 0.01 10 1 BCD yes C,R dpq 1495
Systron 9230 4 1200 1000.0 0.01 10 1000 BCD yes (€ ipq 1325
Systron 9330 4 1200 1000.0 0.01 10 1000 BCD yes (2] dlq 1445
Systron 7050 4 1500 1000. 0 0.1 5 1000 n/a n/a el i 354
D9
Systron 9000 4 1500 1000 0.1 3-6 10-1000 n/a n/a c a 395
Systron 9025 4 1500 1000 0.1 3-6 10-1000 n/a n/a C a 495
Acton 332A 3 10, 000 1000 +0.01 ina 10 n/a n/a CeR opq 1985
Ballantine 3572 £) 0.1 1100 0.02 20 10-1000 BCD yes C,R d 1675
Cimron 6853 6 0.0001 1100 0.002 30 10, 000 BCD yes C,R bfq 4000
Cimron 6753 6 0.0001 1100 0.005 20 10, 000 BCD yes C,R befq 3000
Cimron 6653A 6 0.001 1100 0.01 1000 10, 000 BCD yes C,R bfq 2000
Cal Inst 8300 5 0.01 1200 0.01 5 10-1000 BCD yes C,R abg 1595
Cimron 6453 5 0.01 1200 0.01 1-4 10, 000 BCD yes CoR Iq 1000
NLS X-2 3 1 1200.0 0.01 10 10 yes yes C,R i 1100
D10
Fluke 8100A 4 1000 1200 0.02 2 10 n/a n/a C ah 695
Dynascience DM330 4 1 1500 - | 10 10 n/a n/a C a 349
J-Omega 413A 5 320 3200 0.1 1 10 n/a n/a C,R 685
J-Omega 415A 6 320 15, 000 051 1 100 n/a n/a C;R 775
a. Digital multimeter k. Accuracy full scale u. Miniature 6 column printer enclosed in volt-
b. Ratiometer available | . Also ohmmeter meter case
c. Integrated circuits m. Speed reading, seconds per reading v. Three digits
d. Remote programming available n. Serial pulse train output w. Dc amplifier output £16V into 16kQ minimum
e. Price includes dc preamp at $875 o. Also phasemeter x. Four digits
f. Also 10 line decimal p. Ac/dc voltmeter y. Also true rms voltmeter
g. Integrating digital voltmeter q- Automatic ranging z. Plug-in converts 6148, 6155 and 6120-9 fre-
h. Battery operated r. Plug-ins available for auto-ranging, ac, Q quency counters to digital
i. Price includes optional mV/Q plug=in at $350; and 100 mV Plug=in converts 6148 at $2900, 6155 at $2450
Ac plug=in at $450 s. Plug-in available for current measurements and 6120-9 at $1700 frequency counters to
j. Price includes main frame DMS3200A at $375 t. BCD output and print command optional digital voltmeter
Index by Model Number
Name Model Code | Name Model Code | Name Model Code
|
Acton - Acton 332A(dc) D9 Ballantine 353 D4 ‘ Cal-Inst 8000(dc) D4
Labs 332A(ac) D11 Ballantine 355(dc) D4 | California Inst. 8000(ac) D12
‘ Operation 355(ac) D14 Corp. 8001 D12
Adage VS12-AD D1 | The Singer Co.3571 D15 8101(ac) D11
Adage Inc. VS16-AD D1 3572 D9 8101(dc) D2
VT14-AB D1 8300 (ac) D11
8300(dc) D10
AVO DAl112 D3 Beckman - 653 D6 8302 D1
AVO, Gencom | Beckman
Div. | Inst. Inc. (continued on page D24)
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Simpson has the “Dependable Digitals”

NUMBER OF
MODEL FULL-TIME DESCRIPTION PRICE
DIGITS

Digital system with plug-in modules for voltage, 615.00 with
2700 4 current, resistance, and other functions. DC voltage

=+=0.05% accuracy. module.

Complete digital VOM. Has AC-DC voltage,
2701 3 AC-DC current, and resistance ranges. 835.00

Automatic decimal point switching over
3 decade ranges.

30 MHz frequency counter. Six switch-selected
2724 4 time bases. Also measures period, frequency
ratio, and time interval.
Totalizes to 1.9999 x 104.

Same features as model 2724, but with 5-digit

450.00

2725 5 resolution. BCD output optional on both 525.00
models. Accuracy: +=0.01%, =*=1 digit.
Compact digital panel meter with =0.1% 295.00
2800 3 accuracy and 100% overrange. Non-blinking  Under 175.00
storage display. Optional BCD output. in production
quantities.

Get “‘Off the Shelf”” Delivery from distributors stocking
Simpson Instrumentation Products - - - or write today for complete information

‘ ?'x ELECTRIC COMPANY

200 W. Kinzie Street, Chicago, lllinois 60644 ¢ Phone (312) 379-1121

Export Dept: 400 W. Madison Street, Chicago, lllinois 60606, Cable Simelco
IN CANADA: Bach-Simpson ., London, Ontario
IN INDIA: Ruttonsha-Simpson Private Ltd , International House, Bombay-Agra Road, Vikhroli, Bombay
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Digital Voltmeters (ac)

Frequency Voltage Ranges Qutput
Speed Input Price
Min. | Max. Min. |Max. | Acc. Readout | readings | Impedance Misc. | Approx
Manufacturer Model Hz kHz mV Vv % No. | Type per sec mQ Type |Printer | Mounting | Features $
Micro 5203 de 0.02 1000 [1000 | 1 4 nixie 1000 1 BCD |yes C.R 1550
NLS X-3A 20 0.1 400 300 2 3 nixie 20 10 analog |n/a C,R a 765
Micro 5212 0 3 100 10004 0,1 |5 nixie 1000 10 BCD |yes C,R 995
Acton 332A 30 10 10,000300 | 0.1 |3 ina ina 0.5 n/a n/a C,R glq ina
Weston 1240 40 10 200 500 1 05 15 nixie 5 1 n/a n/a C.R b 380
2l Dynascience DM330 50 10 1 1500 | 0.1 |4 in-line | 10 10 n/a n/a C ab 389
Cal =Inst 8101 30 10 0.01 | 1000 | 1 5 edge-lit | 5 10 e yes SR g 1095
Cal=Inst 8300 30 10 0.01 |1000 | 0.5 |5 nixie 5 10 BCD |yes CR ac 1595
R-S UuGWD 20 20 100 1000 | #0.5 | 5 nixie 3 0.1-10 n/a |n/a (on P 660
Fluke 8100A 30 20 1000 | 1200 | 0.2 |4 nixie 3s 1 n/a |n/a = am 695
Dana 5740 20 100 0.01 [750 | 0.09 |4 nixie 75 1 BCD [n/a C,R ct 4700-2000
Dana 5700 20 100 0.01 750 0.09 | 4 nixie 75 1 BCD [n/a C,R c 4100-4800
Cal-Inst 8000 30 100 1 100 1 3 edge-lit | 5 10 e yes C,R ap 845
Cal ~Inst 8001 30 100 1 1000 | 1 3 edge-lit | 5 10 e yes gl 9 795
Fluke 8300A 30 100 1000 |[1000 | 0.1 |4 nixie 2 1 BCD |yes (B k 2095
D12
Dana 5500/135 50 100 0.01 |500 | 0.05 |4 nixie 65 1 BCD |n/a G, R t 3000-4000
NLS X=1 50 100 0.01 |500 | 0.05- |4 nixie 2 1 BCD |yes C,R aq 3800
0.3
Cimron 6753/5775 50 100 0.01 |1100 | 0.02 |4 nixie 10 1 BCD |yes C,R pt 3000
Cimron 6853/5875 50 100 0.01 |1100 | 0.02 |4 nixie 10 1 BCD |yes C,R cpt 4000
NLS X-2 50 100 0.1 500 | 0.02-|4 nixie 2 1 BCD |yes C,R g 1700
0.1
Dana 5400/060 50 100 0.1 500 |0.09 |4 nixie 500 1 BCD |n/a C,R c 3000-4000
Dana 5400/035 50 100 0.1 500 |0.05 |4 nixie 500 1 BCD |n/a C,R t 2000-3000
Cimron 6653A/5676 50 100 0.1 1100 | 0.05 |4 nixie 20 1 BCD |yes € R pz 2000
Cimron 6453/2 50 100 0.1 1200 | 0.1 4 nixie 1-4 1 BCD |yes C,R t ina
Data Tech 370 50 100 10 750 | +0.05|4 x 5 1 BCD |yes C,R 2400
D13
Data Tech 3608 50 100 100 1000 | 0.5 |5 nixie 5 10 BCD |yes R m 385
Data Tech 360 50 100 100 1000 | £0.5 |5 nixie 5 10 BCD |yes R 385
Data Tech 350/A2 50 100 100 1000 | £0.1 |4 x 5 1 BCD |yes CHR 875
Greibach 85 50 100 100 1000 | 0.02- )4 nixie 100 1 BCD |yes (@ cdfg 5400
0.1
Greibach 623 50 100 1000 |530.00, +0.05 | 3 in-line | ina 1 BCD |yes C,R ac 1525
HP 3460B/3461A 50 100 1000 [1000.00 £0.07 | 4 s 1.2s 5 BCD |yes R jpsr 5650
HP 2402A 50 100 1000 [1000 | 0.1 |4 s Ja9 1 BCD |yes R gpw 4800
Preston 723C 50 100 1000 1000 | 0.1 |4 neon 10 1 BCD |yes C; R aghi 895
Preston 722C 50 100 1000 |[1000 | 0.1 |4 neon 10 1 BCD |yes C,R agh 395
HP 3440A 50 100 10,000[1000.0f 0.1 |3  |s 3s 10.2 BCD |yes R gipu 1685
D14
HP 343%9A 50 100 10,000/1000.0] +0.1 |3 s 3s 10.2 n/a  In/a R gipy 1475
Ballantine 355 30 250 0.1 1000 | 0.25 |é in=line | ina 2 e yes Cc go 695
Fluke 9500A 20 700 100 1000 |0.15 |5 nixie 3s 1 BCD |yes C,R dj 2485
Hickok DP130 22 1000 0.01 |[999 |z20.2 |é nixie 5 1000 e lyes C,R n 770
HP 3450A 45 1000 1000 1000.00 +0.04 | 4 s 2.7s 2 BCD |yes R cjprt 4400
D15 Ballantine 3571 30 10,000 0.01 300 0.2 |6 nixie 20 10 BCD |yes CiR d 2000
a. Digital multimeter. m. Battery operated.
b. Also measures current. n. Price includes DMS-3200A at $375.
c. Also ratiometer. o. In-line mechanical wheel readout.
d. Remote programming. p- Also measures ohms.
e. Output: 10-line decimal. q. Automatic ranging.
f. Optional dc 100mV preamp at $875, ohms r. 5 digits.
plug-in at $775. s. In-line digital display tubes.
g- Ac/dc voltmeter. t. True rms meter.
h. Optional - Output. u. 4 digits.
i. Dc, 5ranges; ohms, 8 ranges. v. Integrating DVM.
j- Speed readings, seconds per sample. w. 6 digits.
k. Price includes mV/Q at $350. x. Gas discharge tubes.
| . Also phasemeter. z. Integrated circuits.

Manufacturers and model numbers, see page D20.
Reader service numbers for literature and application notes, see page D6.
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Weston does its own thing:
an AC/DC,
Volts/Amps/Ohms,

bench/panel/portable

DMM...

Nobody does it like Weston, because
nobody else has as much metering and
digital experience.

That's why our new Model 1240 multi-
meter is not just an assemblage of stock
components fitted to a package, but a
custom-designed instrument embody-
ing the very latest in technology by the
leader in precision measurement.

From its rugged, glass-filled thermo-
plastic case down to its feather-touch
pushbuttons, this is proprietary engi-
neering at its finest.

Versatility? The Weston 1240 goes
anywhere. It will fit your attache case,
weighs only four pounds when carried
by its self-contained handle (which
doubles as a tilt stand for bench use),
and comes completely equipped for

*Registered trademark, Burroughs Corp.
**U.S. Pat. #3,051,939 and patents pending.

r
$379>2

complete.

mounting in a standard 3%2" panel. No
extras to buy.

An external switch provides for 115V
or 230V operation, and if you're in the
boondocks you can plug in an optional
battery pack.

Other user exclusives . . . complete
circuit overload protection, fuses re-
placeable from outside the case,
recessed controls, in-house designed
positive-detent range switch, pluggable
Nixie* tubes, automatic polarity and
outrange indication.

Performance-wise, the Model 1240 is
a 3%-digit, high-impedance unit with
ten DC, ten AC and six Ohms ranges,
plus full voltage and current measuring
capability. Accuracy is 0.1% of reading
+.05% F.S. on DC volts.

A

WESTON

Weston engineered features include
patented dual slope** integration and
shunt circuitry, ultra-reliable gold-on-
gold switch contacts, and non-blinking
display with automatic decimal posi-
tioning.

Also available at less cost is our
Model 1241 DC volt/ohm meter. Both
models are in stock now for immediate
delivery. See them at your Weston
Distributor, or ask us about the “going
thing” in measurement . . . the Model
1240 DMM by Weston.

WESTON INSTRUMENTS DIVISION,
Weston Instruments, Inc., Newark, N.J.
07114, a Schiumberger company

WESTON"
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need Tuv
repeatability

with
auto zero?

e Highly stahle ratiometric
technique

e AUTO ZERO computer
eliminates zero drift

e 1,v to 1KV, automatic,
manual or remote

e 20 readings per second
with true noise integration

e 120 db common mode
rejection . .. any conditions

e Excellent time and
temperature stabhility

e Modern, medium scale
integrated circuits

Tried and proven in 1000 customer
installations, this instrument is the
first to be optimized for stable, low
level DC measurements in harsh noise
environments. It easily leads the field
in competition with machines costing
$3500-$5000 . . . and at a third the
investment. Obsoletes lab pots,
manual differential VM's, and every
DC DVM on the market.

The DS-100 Microvoltmeter delivers an
honest .01% repeatability for low
level DC and ratios. Its high
impedance, guarded, differential front
end gets the job done right for
general purpose work from microvolt
levels to hundreds of volts. Isolated
remote ranging, and both digital and
analog outputs make the unit ideal for
data acquisition. And, there are
digital signal conditioning plug-ins for
direct thermocouple and PRT
temperatures and strain gage
transducer engineering units display.

Prices from $790 to $1500. Call
collect for immediate demo, sales rep
and detailed catalog.

DORIC

SCIENTIFIC
CORPORATION

7969 Engineer Rd. San Diego, California
(714) 277-8421 CALL US COLLECT

(continued from page D20)

Name

Cimron

Cimron Div.

Lear Siegler
Corp.

Cohu
Cohu Electron-
ics Inc.

Dana
Dana Labs Inc.

Data . Data
Inst. Div.

Data Tech
Data Technol-
ogy Inc.

Digilin
Digilin Inc.
Dynascience

Dynascience
Div.

Whittaker Corp.

Eldorado

Eldorado Elec-
trodata Corp.

Fluke
John Fluke
Mfg. Co.

Greibach

Greibach Inst.
Div.

Solitron De-
vices Inc.

Hickok
Hickok Elect.
Inst. Co.

HP
Hewlett-Pack-
ard Co.

Model

6453
6453/2
6653A
6653A/5676
6753
67585775
6853
6853/5875

501B
510

4500(dc)
4500(dc)
5400/015
5400/035(dc)
5400/035(ac)
5400/050
5400/060(dc)
5400/060(ac)
5500/135(dc)
5500/135(ac)
5700(dc)
5700(ac)
5740(ac)
5740 (dc)

155

350
350/A2
360
360B
361
361B
370(ac)
370(dc)

340
341

DM330(dc)
DM330(ac)
DN1440

1810
1820

8100A(dc)
8100A(ac)
8300A (dc)
8300A(ac)
9500A

85(dc)
85(ac)
620
623
630S

DP100
DP110
DP130

2401C

2402A(dc)
2402A(ac)
3430A

3439A(ac)
3439A(dc)
3440A(dc)
3440A(ac)
3450A (dc)
3450A(ac)

Code
D10

Model
3460B

Name

3460B/3461A

3462A

Honeywell 333
Honeywell Test 500

Instrument

Div.
J-Omega 413A
J-Omega Co. 415A
Micro 5203

Micro Inst. Co. 5212
Monsanto - 200A

Monsanto
Electronics
NLS X-1(ac)
Non-Linear X-1(dc)
Systems Inc.X-2(ac)
X-2(dc)
X-3A(ac)
X-3A(dc)
PAI - Practical PDM-611-1
Automation
Inc.
Preston 722B
Preston Scien- 722C(dc)
tific 722C(ac)
723A
723B
723C(ac)
723C(dc)
R-S UGWD(dc)
Rohde & UGWD(ac)
Schwarz UGz
Systron 7000A
Systron-Donner7050
Corp. 7100A
7200
9000
9015
9025
9200
9210
9220
9230
9240
9300
9310
9320
9330
9340

Tyco - Tyco In- 404
strument Div.

Un-Syst 211
United Systems214
Corp. 251/251-1
251/251-3
251/251-4
Vidar 501
Vidar Corp. 502
520
521
Weston 1240

Weston Instru- 1241
ments

Code

D8
D14
D7

D6
D6

D10
D10

D11
D11

D3

D12

D12
D10
D11
D3

D1
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Not everyone needs a multimeter that
can measure the resistance of a
piece of solder.

But you may be looking for a digital multimeter that will measure relay contact
resistance. Or check cable continuity. Or handle other applications that require
100 pohm resolution without error caused by lead resis-
tance. If that’s the case, you may be looking for our
5500/135 DMM.

And it’s more than an ohmeter. You can
turn it loose on dc volts, mV, dc/dc ratios, or
square, triangular, sawtooth and sine waves.

It will give you the true rms of an ac wave-
form, so accurately and distortion-free that
we call it Computing RMS™ and have a patent
pending on this revolutionary new technique.

But it is possible that the 5500 is more or
less multimeter than you need. If that’s the case,
don’t buy one. Buy one of our 32 others instead. We
make them for labs and production lines, for use on the
bench and in systems, militarized models, 4- and 5-digit, from $1150
to over $8000. (Actually, with our unique plug in modules, you can
create some 300 different configurations. For every imaginable
application. To fit every budget).

Which one suits you best? Ask for the decision maker. Our free
brochure.

Dana Laboratories, Inc., 2401 Campus Drive, Irvine, California 92664.

DANA.




Match your counter
fo your requirements

Electronic counters are available today in a
wide variety of types—each with its own advan-
tages and disadvantages for given applications.
The smart buyer, therefore, decides first on a
basic counter type, before considering detailed
specifications. One breakdown of basic types
follows :

= Fixed-function or universal counters.

= Plug-in counters (of fixed-function or uni-
versal type).

= Preset time-base counters.

Preset controllers.
Reversing counters.
Reciprocal reading, or computing, counters.

Fixed-function counters are versatile

The fixed-function, or universal, counter can
measure frequency, time interval, ratio, or a
combination of these functions. Other peripheral
functions, such as scaling, scanning, totalizing,
frequency generation, or a combination of time-
interval and ratio measurements can be added to
the basic counter. The upper frequency limit of
this group of counters can be anywhere from
100 kHz to 200 MHz on a direct count basis.

The frequency counter is the most widely used
type of fixed-function counter. They are capable
of functioning over a range of 200 MHz and are
fairly simple to operate. Generally, the more ex-
pensive units have a selectable time base from
0.1 microsecond to 100 seconds.

The simplest, and newest, of these fixed-func-
tion counters is the $300 to $400 integrated-circuit
counter, with a power-line-frequency time base
and measurement capabilities to 12 MHz. These
inexpensive, usually four-digit, instruments are
fine for measuring frequencies up to 10 kHz.
Recognizing that the line time base approaches
0.1% stability, it is clear that counting with only
four digits will result in 10 counts of jitter when

Richard Hall, Chief Engineer, Frequency and Time Group,
Systron-Donner Corp., Concord, Calif.

D26

measuring 10 kHz. Since 0.1% stability is rather
poor, most manufacturers have provided a crystal
time base option to provide the stability neces-
sary to fully realize the capability of the instru-
ment. They also provide up to six digits of infor-
mation as an option, so that the full frequency
range of 12 MHz can be realized when using the
0.1-second time base.

These little counters make an excellent labora-
tory companion, if they are used properly, and
within their limitations. More sophisticated
counters that offer high-stability oscillators, BCD
output and programmable features begin general-
ly at 30 or 50 MHz.

Today, indirect digital frequency measurements
as high as 40 GHz are possible. Unique, wide-
range extending techniques enable basic counters
to read out directly frequency from de to 18 GHz.
Six common methods of making high-frequency
measurements are these:

m Direct counting, which is available today
from dec to in excess of 200 MHz (Fig. 1).

s Prescaling, which is used for frequencies
from de to 500 MHz (Fig. 2). The internal time
base is expanded by the same factor as the pre-
scaled input, to provide for direct reading.

® Heterodyning, which has a range from 50
MHz to 18 GHz (Fig. 3). By generating a combi-
nation of frequencies harmonically related to the
internal standard, mixing these with the signal
measured in a cavity or filter, a difference in fre-
quencies can be obtained that comes within the
direct counting range of the basic counter.

m Transfer oscillator, which is useful from 50
MHz to 18 GHz (Fig. 4). This is generally con-
ceded to be the best method for measuring pulsed
microwave signals. The unknown input frequency
is determined by measuring the frequency of a
low-frequency oscillator whose output is har-
monically related to the unknown input frequen-
cy. This harmonic number is then computed and
used to modify the instrument’s time base to
produce a direct reading system.

s Automatic computing transfer oscillator,
which has a range from 300 MHz to 12.4 GHz
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INDICATOR s=| INDICATOR |—gu] INDICATOR
SIGNAL SHAPER =
INPUT GATE pcu DCU Dcu
AMPLIFIER -
CONTROL
CIRCUIT
s 10-1®
10 20
105
|0*T 1073
IMHz
CRYSTAL
OSCILLATOR SHAPER =10 =10 =10

1. In direct counting, all of the frequency measuring
circuitry is contained within the basic counter. Counting
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2. The prescaling technique uses a prescaler circuit that
divides both the rf input and the counter time base by
the same factor. This allows direct readout of the meas-
ured frequency.

/

R L e T i i
| 1
| I
| VIDEO .
R \ _VIDEO TO
BE bl vixer AMPLIFIER  [—T>
INPUT} TS et T FREQUENCY COUNTER
1
| 1
! |
1 |
| | TUNABLE HARMONIC !
e—t— 1OM
A H Cavry Silhiai ey +— IOMHz FROM COUNTER
' |
! I
| 1
1 1
e i e e s S S e, Gt W e w— o

3. The heterodyning technique uses a heterodyne con-
verter to generate a difference frequency that can be
directly counted by the counter.

ELECTRONIC DESIGN 24, November 22, 1969

capability with this technique is from dc to greater than
200 MHz.

RF HARMONIC VIDEO S
INPUT MIXER AMPLIFIER osc.

e EXD

SCOPE
VFO TO
50MHz TOISOMHz |—————— FREQUENCY
COUN

4. The transfer oscillator technique uses a low-fre-
quency oscillator that is tuned to some harmonic of the
frequency being measured. This harmonic is computed,
and then the oscillator frequency and the harmonic
number are used by the counter to directly read out
the measured frequency.

HARMONIC IF SWEEP
MIXER AMPLIFIER | | OSCILLATOR
OSCILLATOR i | MHz
DETECTOR ERON
l COUNTER
RF —== COUNT INPUT
NPT OF COUNTER
POWER SSB
™ sPLITTER | | GENERATOR [<————— |kHz FROM
COUNTER

!

AMPLIFIER
HARMONIC IF IkHz xN
MIXER [T AMPLIFIER MIXER [—=

5. The automatic computing transfer oscillator technique
is similar to the transfer oscillator technique, except
that the harmonic number is automatically computed.
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(Fig. 5). This is similar in operation to the trans-
fer oscillator technique, except that the harmonic
number is automatically computed to produce a
direct readout. A low-frequency oscillator is
phase-locked to the input frequency of the signal,
and this low frequency is directly counted.

» Automatic divider, which is another phase-
locked transfer oscillator (Fig. 6). With this
technique the oscillator is locked to a frequency
that is 1% or 0.1% of the unknown frequency.
The method is useful over a range of 300 MHz to
12.4 GHz.

Other fixed-function instruments

Another class of fixed-function instruments in-
corporates not only the ability to measure fre-
quency but to measure period and multiple
periods as well. In measuring frequency, it is
fairly obvious that the stability of the internal
time base and the plus or minus one count gating
error, which is prevalent in all gated counters,
must be taken into account. Not so well known,
however, is the specification that says that the
period measurement is, say, 0.3% of the reading.

This means that the counter manufacturer is
claiming he has a good input amplifier, which is
reasonably clean noise-wise, and that it’s now up
to the customer to provide to the counter a signal
with at least a 40-dB signal-to-noise ratio.

Appreciate that the manufacturer is asking the
user not to have more than 1 mV rms of noise
on the signal that is being applied to his counter
when asking for 100 mV rms of input signal.
This has an averaging effect that increases ac-
curacy for each 10 periods measured. Therefore,
at a single period, although the error may be
0.3% of reading, the measurement error at
period times 10 is now 0.03% ; on times 100, it
becomes 0.003 %.

What this means is that the inaccuracy created
by noise signal as it passes through the triggering
point of the shaper (Fig. 1) remains relatively
constant at a given frequency-amplitude-noise
relationship; and that no matter how many
periods are sampled, the percentage of error for
a given crossing does not change.

Universals also perform TIM

In addition to the frequency-measurement
function, electronic counters can also time the
interval between two independent signals. This
class of counter is normally designated as uni-
versal, meaning that the counter can also perform
TIM (time interval measurements).

In the TIM mode, counters will accept a con-
tact closure-to-ground to start the counter, and
another closure-to-ground to stop. What is being
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counted is the internal frequency standard of the
instrument.

The next level up from these inexpensive
counters are the universal counters that contain
two identical amplifiers: one for starting and
one for stopping when in the TIM mode.

The difference between a time-interval and
period measurement is sometimes confusing. A
period is nothing but a time interval for one com-
plete event, and time interval is that period of
time between two independent events.

The difference can be understood by the degree
of accuracy that can be obtained if one has a
universal counter and wants to make a pulse-
width measurement, at a particular dc level, of
the pulse. If the requirement is to measure the
pulse width at the 50% point, then by setting the
start amplifier to that de level, which provides
start information for the counter, and setting the
stop amplifier at the reverse slope at the same
amplitude, one can then measure the pulse width
within the resolution capability of the instrument.
This is not possible in making a straight period
measurement, because of the measurement in-
accuracies produced by the hysteresis of the trig-
ger circuit. It is this hysteresis that produces the
errors in making pulse-width measurements with
a single amplifier.

Plug-in counters provide flexibility

The second group of counters that provides
optimum flexibility for the user, is plug-in
counters. From the manufacturers’, standpoint,
there are two schools of thought on the plug-in.

One viewpoint is to modularize the instrument
into three sections: one—a plug-in unit—contains
the input circuitry and all of the peripheral con-
trols that are identified with the input; the second
—another plug-in unit—contains the time base
and function section; and the third section is the
main frame, or readout portion, containing the
power supply to power the other two. :

The other school of thought is to use a single
plug-in unit, which provides primarily a function
change; the time-base circuitry in this case is
within the counter main frame.

The plug-in portion of a counter modifies one
or more of three inputs to the counter: frequen-
cy, number of events to be counted in the count
chain, start and stop information to control the
counter while it counts its own internal time base.
With these three inputs, the counter can make
frequency measurements, or it can create from
a dc level a frequency that is proportional to the
input de level—which means it functions as a
digital voltmeter.

Furthermore, frequency-extending units can be
packaged in plug-ins to provide additional fre-
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6. The automatic divider technique uses an oscillator

quency-measurement capability. Both heterodyne
and transfer oscillator techniques are possible.

Normalized with preset time base

The preset time-base group of counters meas-
ures normalized frequency and frequency ratio,
and is capable of measuring the time for n events
to occur. It also can accumulate, or totalize, »
events. Frequency measurements can be made in
incremental steps of the internal frequency
standard, rather than decade steps, as is typical.
This allows the user to normalize the readings
and convert frequency information into practical
units.

For example, the counter gate can be set to
600 ms in order to measure rpm directly with a
tachometer that produces 100 pulses per revolu-
tion. Normalized ratio measurements and period
measurements can be made in the same manner.

Typical outputs include pulse information at
the start and stop of the count gate, and pulse
information at 7,, so that time delays may be
generated using the counter’s internal frequency
standard.

Preset controllers measure events

Preset, or numerical, controllers are used for
machine-tool control, cut-to-length applications
and manufacturing tabulation.

Typical of their operation are cut-to-length ap-
plications, where the linear travel is converted
to an electrical event in appropriate incremental
units; then, at the selected number, an electrical
output or relay contact closure is produced to
control some other mechanism. Thus, any physi-
cal event that can be converted to an electrical
event can be counted and controlled to some incre-
mental value.

Within this group are the limit counters—with
high, low and on indication. These are useful in
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locked to 19 or 0.19% of the input frequency.

any continually monitored process, where either
high or low limits are critical, and where an
alarm signal is needed if either limit is reached.
This alarm signal may be a dec level suitable for
firing an SCR, or a contact closure suitable for
activating a large solenoid. Event counting to 2
MHz is available in these counters, with input
sensitivities from 10 to 100 mV.

Reversing counters are sophisticated

Reversing counters are useful in control appli-
cations where the object is to control or accumu-
late the information from either two variables or
a single two-directional signal. Such instruments
can be used to indicate status information of
machine tools or algebraic summation of two
variables or a manufacturing process. Other suit-
able applications include monitoring a continuous
flow process, such as liquid flow rates, controlling
position, measuring the velocity of physical
events, and comparing two frequencies.

These sophisticated counters employ an anti-
coincidence circuit in some units, so that if two
signals arrive simultaneously, the information is
sorted and later transferred in the appropriate
direction. Frequencies to 2 MHz are obtainable
with reversing taking place at 1 MHz.

Reciprocal counters measure period

The last counter group, and the newest, is
the reciprocal, or computing, counters. These in-
struments measure period, and then automatically
compute and display the corresponding frequency.
They can provide five or six digits of information
in one or two periods of the input. If counting a
one-second period, it would require only one
second, or two at most, to obtain five or six digits
of accuracy. To obtain this accuracy with a
frequency measurement would require 50,000
to 500,000 seconds, which is not practical. =m
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Frequency Counters

FREQUENCY INPUT DISPLAY Type
Gate Price
Minimum | Maximum | Stability | Digits | Sens. Imp. | Time | Time Conn. | Solid Misc. | C-Cab. | Approx
Manufacturer Model Hz MHz ppm No. mV  MQ(pF)| s s |[Type | Type |State |Features | R-Rack S
Eldorado 224 0 0.1 1/106 4 0.1- 1(30) 1,10 |ina [|ina UG- |yes a c 325
150v 1094
Beckman 6246 0 0.2 0.001% | 4 100 0.1(50) | 10ps= | 0.1~ |p BNC |yes i (& 1295
10 10
Beckman 6230 0 0.2 +0.01% | 4 100 0.1(50) | Ims= | 0.1- |p BNC |yes f C 495
10 10
Beckman 6220A 0 0.2 +10Hz 4 100 0.1(50) | Ims= 0.1~ |p BNC |yes f (g 895
10 10
Beckman 6215A 0 0.2 +10Hz 4 100 0.1(50) | Ims= |0.1- |p BNC |yes f € 795
10 10
Fl1
Beckman 6210A 0 0.2 +10Hz 4 100 0.1(50) | Ims= |0.1- |p BNC |yes f C 595
10 10
Weston 301 0.5 0.2 ina 5 100 ina n/a |n/a l|ina BNC |yes i C,R 1085
Weston 301C 0.5 0.2 ina 5 100 ina n/a |n/a [ina BNC |yes hi G,R 1350
TSC 410-4 2 0.2 2/10 5 100 1(30) 0.1, [0.1 |neon |[BNC |yes ade () 395
1,10
TSC 410-3 2 0.2 2/]06 4 100 1(30) 0.1, [0.1 |neon |BNC |yes ade G 370
1,10
I5C 410-1 2 0.2 ina 4 100 1(30) 0.1, |0.1 peon [BNC |yes de (& 335
1,10
Weston 300 5 0.2 ina ) 1000 ina n/a n/a [|ina BNC |yes i C,R 995
Atec 5A35 0 0.35 2 5 100 1(50) 0.01- |ina |column|BNC |yes | C 975
10
Hickok DP150A 0 0.999 5 3 10 1(24) 0.001-{ 0.1= |nixie |BNC |yes i C; R 255
10 10
Eldorado 1950-3 €] 1 3/'|08 8 100 1(80) 1 ina |ina UG- |yes b C,R 3250
1094
F2
Cal =Inst 8300 0.1 1 10 4 100 1 0.01- | 0.01-|ina ina yes w C,R 1595
10 18]
Magtrol 4602 0 1.5 ina 8 4 200 ina ina 0.1,1 |nixie |bp yes C req.
R-S FET 1 0 2 1/10 6 3000 10k ina ina |nixie |BNC |yes c CR 2680
Weston 302 0.5 2 ina 5 100 ina 0.01- |n/a lina BNC |yes CyR 1245
0.1
TSC 410-2 2 2 ina 5 100 1(30) 0.1, [0.1 |neon |BNC |yes de ) 360
1,10
Systron 8040 10 2 m 4 100 1(35) 0.001-] 0.2~ |nixie |BNC |yes o 354
g 10 5
Dynascience 361A-R-M2 |0 2.5 1/107 6 10-25 |100k 1ps=10] 0.2~ lin-line|BNC |yes ed C,R ina
6
Dynascience TSI361A-R 0 250 sk 1/107 6 10-25 |100k Tps=10] 0. 2= [in=line|BNC |yes c CcR ina
(<]
cMC 614 2 2.5 +2/10% | 5 00 i 10ps- [0.1 fixie [BNC [yes |b C,R 1300
0.01
Atec 1130A 10 3 m 4 500 0.01 01,4513 nixie |BNC |yes f C 190
F3
Atec 1131A 10 3 1 4 500 0.01 0.7 1 nixie |BNC |yes f C 325
1,10
Beckman 6235B 0 5 +0.01% | 5 50 0.1(50) | Ims-1 [ 0.1- |p BNC |yes f < 1095
10
Monsanto 106A 5 5 n/a 5 50 1(25) ext 0.2- [nixie [BNC [yes df (] 895
10
cMC 687 10 5 £2/10° [6 |00 |1 15,10/ 0.1 |nixie [BNC |yes c 1875
Eldorado 365 10 1/106 5 100-250 |1(40) Ims-10] ina  [ina UG- |yes C/R 550
1094
Beckman 62408 0 10 0.01% 5 20 0.1(50) |1ms-10] 0.1~ |p BNC |yes f C 895
10
Beckman 62308 0 10 +0.01% | 5 50 0.1(50) | 1ms=10] 0.1~ |p BNC |yes £ (5 695
10
Systron 6014 0 10 i2/108 6 100 1(15) 1ps-10] 0. 2= |nixie |BNC |yes % c,R 1450
]
Systron 6034 0 10 i2/]06 6 100 1(15) lps=10] 0.2~ |nixie [BNC |yes ag C,R 1650
5
Systron 1034A 0 10 i2/]06 6 100 1(50) Tps=10{ 0.2~ |nixie [BNC |[yes ag C;R 1500
5
F4 5
TSC 272 1 10 2/]06 5 100 1(30) ina 1.3 |in-line|BNC |yes afh R 1500
Dynascience TS1460 5 10 2/10 4 100 1(30) Ims-10] 0.2~ |nixie |BNC |yes a CiR ina
5
HP 52218, 5321B |5 10 ]/]06 5 100 1(30) 0.01- | 0.054nixie |BNC |yes a G R 700
10 5
HP 5221A, 5321A|5 10 n/a 4 100 1(30) 0.1,1|n/a |nixie [BNC |yes Gy R 425
Atec 2200 0 12.5 0.01 5 50 1(30) Tps= |ina |nixie [BNC |yes ft R 735
10




d Long life and high reliability — Over

5 million cycles without adjustment!
Field replaceable printing mechanism!
d Legibility of an electric typewriter!

| IﬁMammum line capacity of 21 columns!
- l{Floating decimal point! Automatic zero
~ suppression!

o Red/Black printing!

# Internal programming features, including
ability to format any input data
character into any printed column!

. A Subsidiary of Electronic Memories

ANADEX

INSTRUMENTS INC
... THE NAME YOU CAN COUNT ON
7833 HASKELL AVE., VAN NUYS, CALIF. 91406 ® Phone 213-873-6620, TWX 910-495-1762
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Frequency Counters

FREQUENCY INPUT DISPLAY Type
Gate Price
Minimum | Maximum | Stability | Digits | Sens. Imp. |Time |[Time Conn. | Solid | Misc. | C-Cab. | Approx
Manufacturer Model Hz MHz ppm No. mV MQ(pF) | s s |Type | Type | State | Features | R-Rack $
Atec 2304 0 12.5 0.01 4 10 1(30) Tus ina [nixie | BNC | yes ft R 1100
Atec 2300 0 12::5 1 4 10 1(30) Tps ina [nixie | BNC [ yes ft R 940
| Atec 2000 0 1255 0.01 5 10 1(30) Tps=10 |ina  |nixie | BNC | yes ft R 850
Atec 2802 0 ¥2.5 1 4 10 1(30) |0.01- [ina |nixie | BNC | yes ft R 455
10
Atec 6H86 0 12:5 0.01 6 100 1(30) 1ps-10 |ina [nixie | BNC | yes f R 1195
ES
Systron 8200 0 12:5 3/]07 7 100 1(50) 1ps=10 |0.2- |nixie | BNC | yes bg EnR 1395
5
Systron 114 1 12.5 m 4 100 1(30) 0.1,1 |0.2- [nixie | BNC |yes f <. 395
5
HP 5216A 3 12.5 1/106 7 10 1(50) 0.01- |0.05-|nixie [ BNC |yes a C,R 985
10 5
Monsanto 103A 5 12.5 0.1% 4 50 1(20)  [0.1,1 [0.2- [nixie [ BNC |yes f C 375
10
Monsanto 101A 5 12,5 5/'107 5 50 1(20) 1ps-10 |1 0.2 |nixie | BNC | yes cdf (i 675
10
Monsanto 100A 5 12.:5 5/107 45} 50 1(20) 0.001-10.2- Inixie | BNC |yes cf (@ 575
10 10
Atec 4B14 10 12,5 m 6 4 100 1(50) [0.6,1 |ina [|nixie | BNC |yes f (@ 395
CMC 905 0 15 +2/10 5 100 1 1,10 0.1 |nixie | BNC |yes c C,R 395
Eldorado 1411 0 15 1/106 5 100 1(50) Tps=  [0.1- [ina UG- |yes a C,R 1050
® 6 Ims 10 1094
Eldorado 1410 0 15 1/10 8 100 1(50) Tus= |0.1- |ina UG- |yes a C; R 975
100 10 1094
Fé 6
Eldorado 325A 0 15 1/10 5 100 1(40) Ims, |ina [ina UG- |yes a CoR 450
0,0 1094
6 10
Eldorado 225 0 15 1/10 S 100-250 |1(30) Ims,1 |ina [ina UG- |yes a C 395
1094
CMC 608 2 15 :*:2/]06 5 100 1 10ps, |0.1 |nixie | BNC |yes b CaR 740
10
AnquX CF-604R 3 15 1 4-7 10 1(50) 10ps- |ina |nixie | BNC | yes bf R 995
100
Anadex CF-635R 3 15 1 4-7 10 1(50) [0.01, [Tps [nixie [ BNC |yes bf R 720
0,3,
10
Anadex CF-600R 3 15 1 4-7 10 1(50) 0.01, |lps |nixie | BNC | Plug- | bf R 595
0.1,10 inIC's
Anadex CF-603R 3 15 1 4-7 10 1(50) 0.1-10 |ina |nixie | BNC |yes bf R 495
Anadex CF-601R 3 15 1 4-7 10 1(50) 10ps=- |ina |nixie | BNC |yes bf R 895
100
Dynascience TSI1385-R 0 20 ﬁ:3/107 7 100 100k(30)fina 0.2- |nixie | BNC |[yes b CR ina
10
Dynascience 461 0 20 I/IO8 7 100 1(30) 0.1ps=0.1-5|in=lind BNC | yes cdefg C,R 1195
100
F7 8
fe 300 0 20 +1/10 7 10 1(30) Tps=10 [100ps-{in=ling BNC | yes ceg @R 995
5
Systron 7034 0 20 12/106 7 10-60 |1(50) Ips=  ]0.2- |nixie | BNC | yes ag & 1075
100 5
Systron 7014 0 20 i2/106 i 10-60 |1(50) ]|0.01- |0.2- |nixie | BNC | yes a @ 825
10 5
HP 53258 0 20 3/]07 7 100 1(30) 0.1ps=[0.1- |nixie | BNC | yes a C,R 1300
10 5
CMC 609 0 20 :E2/107 6 100 1 Tps,1010. 1 |nixie | BNC |yes a C,R 1195
TSC 211 0.1 20 iI/IO8 8 10 1(30) ina 1-10 |in=lind BNC | yes ce C.R 2100
TSC 273 0.1 20 2/106 5 100 1(50) ina 0.1- [in-lind BNC | yes afh C,R 1800
10
TSC 210 0.1 20 iI/IOS 7 10 1(30) ina 1-10 |in-lind BNC | yes ce GriR 1995
HP 5323A 0. 125 20 3/107 7 100 1(35) 0.01-4|s nixie | BNC |yes a &R 2150
Simpson 2725 5 20 100 5 100 1(30) 100ps |0.5 |p BNC | yes C;R 525
F8
Simpson 2724 5 20 100 4 100 1(30) 100ps |0.5 [in-lind BNC | yes C 450
Beckman 6360 5 20 0.3 6 20 1(30) 0.1ps=-[0.1- |p BNC | yes fz C: 1750
10 10
Beckman 6360 5 20 0.3 6 20 1(30) 0.1ps=110.1- |p BNC | yes fx G 1650
10
Beckman 6380 9 20 0.3 8 20 1(30)  |0.1ps-1{0.1~ |p BNC |yes fz (] 1950
10
Beckman 6380 5 20 0.3 8 20 1(30) 0.1us=10.1- |p BNC |yes fx (& 1850
10
Itron 650 0 20 ina 5 50 1(50) [0.01- [0.2~- [in-lingd BNC |yes g @ 595
10 10




Why pay $595 when you can have
this 15-MHz counter for only $395?

L T T T T LT T T L L L - e Nt

WHAT!

For less than $80 per digit?

The CMC Model 905 is by far your biggest buy in a little
counter. You get 15-MHz IC performance, 5-digit readout,
a |-MHz crystal oscillator, an automatic trigger level, sim-
plified controls, and a convenient tilt-up stand—all in a
tiny package only S-inches wide and 3'2-inches high.

This mighty little counter weighs only 32 pounds, and
yet it’s a reliable workhorse for production line or labora-
tory. Its IC design results in increased reliability, improved
heat dissipation, and reduced power requirements of only
8 watts typically.

Now, the low-cost high quality Model 905 brings an in-
tegrated-circuit frequency meter within the budget of every
user, both large and small. If you need an instrument for
making accurate frequency measurements up to 15 MHz,
the Model 905 will give you maximum counter-for-your-
dollar. So if it’s frequency you are measuring. why pay

double the 905 price for functions you don’t intend to use?

CMC sales representatives in all major cities are ready
now to bring a Model 905 directly to you for a personal test
demonstration. Test one. (You’ll be glad you did.) Buy
several. (They’re very small.)

For the full specs, just circle the reader service card; and for
a demonstration, contact your local CMC representative.

COMPUTER MEASUREMENTS

A DIVISION OF NEWELL INDUSTRIES

12970 Bradley/San Fernando, Calif. 91342/(213) 367-2161/TWX 910-496-1487

INFORMATION RETRIEVAL NUMBER 612

ELECTRONIC DESIGN 24, November 22, 1969
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Frequency Counters

FREQUENCY INPUT DISPLAY Type
Gate Price
Minimum | Maximum | Stability | Digits | Sens. Imp. |Time |[Time Conn. |Solid | Misc. | C-Cab. | Approx
Manufacturer Model Hz MHz ppm No. [mV MQ(pF) | s s |Type |Type |State | Features | R-Rack $
Eldorado 1605 0 25 I/IO6 S 100 1(30) ]0.01- [0.1- [ina UG- |yes a C,R 550
% 10 10 1094
Eldorado 1607 0 25 1/10 7 100 130) |0.1,1, [0.1= [ina UG- |yes a CyR 650
10,100| 10 1094
Beckman 6120-9 0 25 0.3 6 150 0.02(40)|10us-1 [0.1- [in-line|BNC |yes (@ 1700
10
Systron 8050 0 30 iZ/]O6 5 100 1(25) 0.001-]10.2- |nixie [BNC |yes a C 650
10 5
GR 1159 0.6 30 3/10-3 6 ina ina 0.1,1 |0.02-|neon |GR874|yes (- C,R 2100
10
F9
GR 1192 0 32 2 5 ina ina 100ps=|0.01-|neon |BNC [yes at C,R 575
10 10
GR 1191-B 0 385 0.001 8 10 1(35) 1ps=10 | Tus= jneon |BNC |yes c C,R 1395
10
Systron 1017 0 50 £2/107 6 100 10k(40) [1ps-10]0.2- |nixie |BNC [yes a C,R 1750
S
Systron 1037 0 50 i2/]07 8 100 10k(40) |Tus=10]0.2- |nixie [BNC |yes ag CrR 2240
5
Monsanto 110A 0 50 l/'IO8 7 100 1(30)  [0.001-|0.2- |nixie |BNC |[yes cef (5 1285
100 5
HP 5245L 0 50 3/]09 8 100 1(25) 1ps=10 [0.2- |nixie |BNC |[yes c C/R 2480
5
HP 5245M 0 50 5/]010 8 100 1(25) Ius=10 [0.2- |nixie [BNC |yes c Gk 3100
5
HP 5246L 0 50 2/]07 6 100 1(25) Tps-1 [0.2- |nixie |BNC |[yes a CiR 1800
5
HP 52441 0 50 2/107 Z 100 100kV(40)1ps=10 [0.1- [nixie [BNC |yes a C, R 1900
5
CMC 727D 0 50 5/107 7 100 1 Tps,10 (0.1  |nixie |[BNC |yes a C/R 1725
F10
Dana 8100 0.05 50 3/]09 8 10 1(25) |0.001-]ina |ina BNC |yes cef C,R 1495
10
Dana 8120 0.05 50 3/109 8 10 1(25) [0.001-|ina |ina BNC |yes cefj C R 2395
10
Monsanto 1505A 0 70 ]/107 é 100 1(22) 0.001-]0.2- |nixie |BNC |yes cf & 2250
10 5
Monsanto 1515A 0 70 1/]07 6 100 1(22) |0.001-]|0.2- |nixie |BNC |[yes cf € 1800
10 5
Hickok DP160 0 80 0.5 3 20 1(25) ina (])bl- nixie |BNC |yes i C R 395
Beckman 6155 0 100 0.003 8 100 1(25) Tps=10(0.1- |p BNC |yes of CoR 2450
10
Beckman 6155ACN 0- 100 0.0005 |8 100 1(25) Tps=10{0.1- |p BNC |yes cf C,R 2850
10
Beckman 6148 0 100 0.003 8 100 0.02(25)| 10us- |0.1- |p BNC |yes cf CoR 2900
10 10
9
CMC 880 0 100 iI/IO8 8 100 1 1ps,10 0.1 |nixie |BNC |[yes c R 3750
Systron 6018 0 100 +2/10 7 100 1(15) 1ps-10 [0.2- |nixie |BNC |[yes c G, R 2475
5
F11 9
Systron 6038 0 100 +3/10 7 100 1(15) 1ps-10 [0.2- |nixie |BNC |[yes cg C,R 2975
5
Systron 1018 0 100 :i:3/]09 7 100 10(40) |1ps-100.2- |nixie |BNC |yes ] C,R 2525
5
Systron 1038 0 100 i3/109 8 100 10k(40) |1us=10]0.2- |nixie |BNC |[yes cg C,R 2950
5
R=S FET 2 0 100 ]/]03 9 1000 50Q ina ina |nixie |BNC |yes C CyR 4290
Dynascience TS1600 0 100 2/10 8 100 10k 1us=10 |0.2- |nixie |BNC |yes c C,R ina
6
Dynascience TS1602 0 100 2/107 6 100 10k 0.1ps=10.2- |nixie |[BNC |yes a R ina
1 6
cMC 738 10 100 t3/107 7 100 1 1,10 (0.1 |nixie |BNC |[yes a C/K 1650
Monsanto 1500A 0 125 17109 8 100 1(22)  |0.001-|0.2- |nixie |BNC |yes cef & 2850
10 5
Monsanto 1510A 0 125 ]/109 8 100 1(22) lps=10]0.2- [nixie |BNC |yes cdf (o 2495
5
HP 5248M 0 135 5/10]0 8 100 1(25) 1ps=10 | 0.05-|nixie |BNC |[yes c C,R 3300
2
F12 9
HP 5248L 0 135 3/10 8 100 1(25) 1ps=10 | 0.05-|nixie |BNC |[yes c G, R 2900
2
HP 5247M 10 135 5/10]0 8 100 1(25) 1ps=100.05-|nixie [BNC |yes c C,R 3150
2
Beckman 6401 0 136 0.003 8 100 1(25) 10ps- 10.01-|p BNC |yes cf G 1375
10 10
Beckman 6401ACN 0 136 0.0005 |8 100 1(25) 1ps-10(0.1- |p BNC |yes cf e 2175
10
Philips PM6630A 0 160 0.003 8 50 1(15) Tps=10]0.2- |nixie [BNC |yes C,R 2795
5




To sweep 5 to 1500 MHz

- you don’t switch ranges

- or change plug-ins

- Or use a second instrument

YOU JUST SWEEP

The 3305 plug-in oscillator lets you operate over this entire range, using either end

point or center frequency calibration, at widths as narrow as 200 kHz, as wide as
1495 MHz.

The 3305, in fact, makes the Telonic 2003 Sweep Generator “every man’'s” instrument

re on plug-in units — there are 7 oscillators including a new one covering
cies, 6 different attenuators, fixed and variable markers, detectors, and

! ep rate and display processing. Complete 2003

tems start as low as $1396.00. Price will depend on

g
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Catalog 80A contains a comprehensive description of the 2003 and specs on all plug-ins. Send for a copy.

™

, ' A Division of Telonic Industries, Inc.
60 N. First Avenue
TELONIC INSTRUMENTS Beech Grove, Indiana 46107
Tel: 317 787-3231 + TWX 810 341-3202
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Frequency Counters

7

Main frame DMS 3200A at $375.

nominal .

Manufacturers and model numbers, see page D37

Reader service numbers for literature and application notes, see page D6.

FREQUENCY INPUT DISPLAY Type
Gate Price
Minimum [ Maximum | Stability | Digits | Sens. Imp. |Time |[Time Conn. |Solid | Misc. | C-Cab. | Approx
Manufacturer Model Hz MHz pPpm No. | mV MQ(pF)| s s |Type | Type [State | Features | R-Rack $
Philips PMé66308 0 160 0.1 6 50 1(15) 1ps-10]0.2- |ina BNC |yes C,R 2220
5
Systron 7038 0 200 i2/]08 7 100 1(50)  ]0.1ps~|0.2- |nixie | BNC |yes cgn € 2150
100 |5
Systron 7018 0 200 1:2/]08 7 100 1(50) |0.01- |0.2- |nixie | BNC [yes cn (& 1350
10 5
CMC 901 0 200 i:3/|09 9 10-100 | 1(40) Tpus= |0.1 |nixie | BNC |yes cf C, R 2475.
100
Beckman 6380 5 200 0.3 8 20 1(30) |0.1ps=]0.1-|p BNC |yes fy C 2450
1 10
F13
Beckman 6360 5 200 0.3 6 20 1(30) |0.1us={0.1-|p BNC |yes fy c 2250
1 10
Eldorado 1615 20 200 1/106 6 100 1(20) Ims= |0.1-[ina UG- |yes a C,R 1050
9 100 10 1094
EIP 360A 20 200 7/10 11 100 130) ]0.1,1 0.1 [nixie | N yes CoR 1925
Beckman 6397 0 220 0.3 6 100 50 0.01- |0.1-|p BNC |yes f C 1900
1 10
CcMC 616 10 225 i2/107 74 100 1 0.1,1, |0.1 |nixie | BNC |[yes a C,R 1975
10
Atec 2806 10 250 0.01 8 50 50Q(30)[0.1- |ina [nixie | BNC [yes f (& 1395
10
HP 5360A 0.01 320 5/]0]0 12 100 1(20) 1ps=10]0.02-[nixie | BNC [yes c €, R 6500
(ch. A) é
20
9 (ch.B)
R-S FET 3 10,000 (350 3/106 6 10 10k,50Q fina 6 nixie | BNC |yes c C 5300
Eldorado 1450 0 500 1/10 8 50-200 |1(50) Tps= 0. 1= [ina UG- |yes ao C,R 1875
8 100 10 1094
Systron 7015 0 500 +2/10 7 100 1(50) [0.01- |0.2- [nixie | BNC |[yes cho C 1975
10 5
F14 8
Systron 7035 0 500 £2/10 7 100 1(50) |0.1ps-]0.2- |nixie | BNC |yes cgo € 2450
100 |5
Monsanto 105A 5 500 1/108 9 100 1(25) |0.001-]0.2- |nixie | BNC |yes cdf % 1550
1 10
Systron 8220/FMO1 10 500 :1:3/107 7 100 100k (40)[0.1-10 | 0.2~ [nixie | BNC |yes b & 1795
5
Eldorado 1650 20 500 l/'IO6 8 100 1(20) Ims= |0.1- [ina UG- |yes ao C,R 1650
6 100 10 1094
Eldorado 970 20 3000 1/10 9 100 50Q 0.01- 0.1~ [ina TNC |yes a C,R 2250
1kHz |10
Systron 153 300 3000 i2/]06 5 -7 dBm |50Q lus= |ina |nixie | N yes a G,R 1350
10ms
Systron 6316A 0 12, 400 :l:2/108 7 100 1(15) 1ps=10 |0.2- |nixie | BNC, |yes chk G 4750
5 N
HP 5240A 5 12, 400 2/10; 8 100 1(25) [0.1,1 [n/a |nixie | BNC |yes a C,R 4750
Eldorado 985 20 12, 400 3/10 11 100 50Q 0.1 0.1- |ina UG- |yes C,R 4250
9 10 1094
EIP 350A 20 12, 400 7/10 11 100 1(30)  [0.1,1 [0.1 |nixie | BNC, |yes cu C,R 4250
N
F15 3
Eldorado 986 20 18, 000 3/10 11 100 50Q 0.1 0.1- |ina UG- |yes b CyR 5450
10 1094
EIP 351A 20 18, 000 7/]09 11 100-160(1(30)  0.1,1 0.1 [nixie | BNC, [yes cv C,R 5450
N
a. Stability per month. j- Also 500 MHz, 1/2 mV sensitivity, 50Q impedance.
b. Stability per week. k. Input impedance 50Q, 100 MHz-12.4 GHz.
c. Stability per day. | . Battery operated.
d. BCD outputs. m. Power line frequency (stability).
e. Remote programming. n. Input impedance 0-125 MHz, 50Q, 100 kHz-200 MHz.
f. Incorporates integrated circuits. o. Input impedance 0-125 MHz, 50Q, 10-500 MHz.
g- Universal counter. p. Glow transfer tube display.
h. Fully automatic. q- Sensitivity channel A, 100 mV, B, 20 mV; Impedance 50Q
Fe
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Index by Model Number

Model

Anadex CF-600R
Anadex Inst. CF-601R
Inc. CF-603R
CF-604R

CF-635R

4B14
5A35
6H86
1130A
1131A
2000
2200
2300
2304
2802
2806

Name

Atec
Atec Inc.

Beckman 6120-9
Beckman Inst. 6148
Inc. 6155
6155ACN
6210A
6215A
6220A
6230
6230B
6235B
6240B
6246
6360
6360
6360
6380
6380
6380
6397
6401
6401ACN
Cal-Inst Cali- 8300
fornia Inst.
Corp.
CMC 608
609
614
616
687
727D
738
880
901
905

Dana 8100
Dana Labs Inc. 8120

TS1361A-R
TS1385-R
TS1460
TS1600
TS1602
361A-R-M2
461

EIP 350A
EIP Ine, 351A
360A

Eldorado 224

Eldorado Elec- 225
trodata Corp. 325A

365

970

985

Dynascience
Dynascience
Inst. Co.

Code

| Name Model Code
986 F15
1410 F6
1411 F6
1450 F14
‘ 1605 FO
‘ 1607 F9
1615 El3
1650 F14
1950-3 F2
GR 1159 F9
General Radio 1191-B F9
Co. 1192 Fo
Hickok DP150A F2
Hickok Elect. DP160 F10
Inst. Co.
HP 5216A F5
| Hewlett-Pack- 5221A F4
ard Co. 5221B F4
5240A F15
5244L F10
5245L F10
5245M F10
5246L F10
‘ 5247M F12
5248L Fl2
5248M F12
5321A F4
5321B F4
5323A F8
5325B F7
5360A F14
Magtrol - Mag- 4602 F2
trol Inc.
Monsanto 100A F6
Monsanto 101A kD
Electronics 103A k5
105A F14
106A F3
110A FO
‘ 1500A E12
1505A F10
} 1510A F12
1515A F10
Philips PM6630A F12
Philips Elec- PM6630B F13
‘ tronics
| R-S FET-1 F2
Rohde & FET-2 Fl1
Schwarz FET-3 F14
Simpson 2724 F8
| Simpson Elec- 2725 F8
| tric Co.
\
Systron 114 F5
Systron-Donner153 Fl5
Corp. 1017 F9
1018 sl
1034A F4
1037 F9
1038 F11
6014 F4
6018 F11
6034 F4
6038 F11
6316A F15
7014 F7
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(continued on page D39 )

The first
plug-in
curve

tracer
costs

153 less!

With U-Tech’s plug-in and console
units, any X-Y oscilloscope
becomes a curve tracer displaying
the dynamic characteristics of
both NPN and PNP transistors,
N Channel and P Channel junc-
tions, FET’s, MOS-FET’s, bipolars,
unijunctions, diodes, tunnel
diodes and SCR’s. You have curve
tracer capabilities, without buying
a complete curve tracer unit.

In so doing you pay up to:

13 less!

oo
o
kg

i

e i U-Tech plug-in MODEL
- 681: $655.00*. For
5 @ & use with Tektronix®560

,e++ Series Oscilloscopes.

-

U-Tech plug-in MODEL
682: $675.00.* For use
with Tektronix® 530,
540, 550, 580 Series
Oscilloscopes.

U-Tech console
MODEL 683: $685.00*.
For use with any X-Y
Oscilloscope.

Ask your distributor about these
U-Tech curve tracer units
or order direct from:

U-TECH

A DIVISION OF INDUSTRIAL PHYSICS AND
ELECTRONICS COMPANY

4190 SOUTH STATE STREET

SALT LAKE CITY, UTAH 84107

(801) 262-2663

*Prices apply to purchase and shipments within
U.S.A. fob Salt Lake City, Utah
(R Registered Trademark Tektronix Inc.
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Frequency Counter Extenders

FREQUENCY INPUT Type i
Price
Counter Used With Minimum Maximum Sensitivity Impedance C-Cab. Approx
Manufacturer Model Model MHz MHz mV Q R-Rack $
Monsanto 1107A 1500A series 0 10 30 TM(30 pf) Plug=in 285
Dynascience 84 TSI385-R 0 20 100 10k Plug=in ina
Monsanto 1108A 1500A, 1510A 0 50 100 1M(30 pf) Plug=in 795
Dynascience 83 TS1385-R 0 125 50-100 50 Plug=in ina
Monsanto 1106A 1500A series 10 Hz 175 1 TM(10 pf) Plug=in 395
F16
Systron 8051 8050 30 300 100 50 Plug=in 450
Systron 1979H 1017, 1018, 1037, 0 350 100 rms 50 Plug-in 600
1038
Beckman 6058 6148, 6155, 6120-9 5 400 150 50 Plug=in 875
GR 1157-B 1911-B, 1192 1 500 100 50 G, R 850
Monsanto 1101A 1500A series 10 500 100 50 G 675
Systron 1215 1017, 1018, 1037, 10 500 100 50 Plug=in 750
1038
Monsanto 1103A 1500A series 50 500 50 50 [ 685
Dynascience 5208 TSI1600, 602 100 500 50 ina Plug=in ina
Systron 1291A 1034 AH, 1017, 1018, | 50 512 -3 dBm 50 Plug=in 550
1037, 1038
Beckman 606 6148, 6155 1 525 50 50 Plug=in 525
F17
Beckman 607-4 6148, 6155 50 525 100 50 Plug-in 525
CMC 884 880 100 555 10 50 c 530
Beckman 607 6148, 6155, 6120-9 25 1000 100 50 Plug-in 825
CcMC 631 616 100 1300 50 50 0 775
CMC 931 901 100 1300 50 50 ¢ 825
Dynascience 522 TS1600, 602 200 2600 ina ina Plug=in ina
Systron 1295H 1017, 1018, 1037, 50 3000 -3 dBm 50 Plug=-in 1400
1038
Systron 1253H 1017, 1018, 1037, 50 3000 -7 dBm 50 Plug=in 1150
1038
Monsanto 11048 1500A, 1510A 110 3000 50 50 G 875
Systron 1295 1017, 1018, 1037, 200 3000 -3 dBm 50 Plug-in 825
1038
F18
Systron 1253 1017, 1018, 1037, 300 3000 -7 dBm 50 Plug=-in 975
1038
Beckman 609 6148, 6155, 6120-9 950 3000 100 50 Plug=in 825
Dynascience 525 TS1600, 602 300 3100 ina ina Plug=-in ina
CMC 635 616 200 3300 50 50 C 825
EIP 361A 360A 200 12, 400 100 50 C,R 975
EIP 362A 360A 1000 12, 400 100 50 R 1840
Beckman 613 6148, 6155, 6120-9 3000 12, 400 100 50 Plug=in 1850
Beckman 613A 6148, 6155, 6120-9 3000 12, 400 70 50 Plug=in 2000
Systron 1255A 1017, 1018, 1037, 3000 12, 400 -7 dBm 50 Plug=in 1975
1038
Monsanto 1111A 1500A series 2000 12, 500 100 50 19) 1995
F19
Systron 1292 1017, 1018, 1037, 50 15,000 -7 dBm 50 Plug=in 1500
1038
EIP 363A 360A 1000 18,000 100-160 50 GoiR 2990
Systron 1257 1017, 1018, 1037, 12,400 18, 000 0 dBm 50 Plug=in 2175
1038
Systron 1298 1017, 1018, 1037, 15, 000 40, 000 -15to -3 50 Plug=in 3500
1038 dBm

r. Input impedance 5 Hz-12.5 MHz; 50Q, 0.3-12.4 GHz.
s. Varies from 5us at 20 MHz to 8 sec at 0. 125 Hz plus
1 ms compute time. Xe

t. Six and seven digits available.
u. Input impedance 20 Hz-200 MHz; 50Q, 200 MHz-

12.4 GHz. e
v. Input impedance 20 Hz-200 MHz; 50Q, 200 MHz-
18 GHz. z.

w. Frequency counter one function of digital multimeter,

Manufacturers and model numbers, see page D39.

Reader service numbers for literature and application notes

D38

also measures ac/dc volts, ac/dc current, dc ratio

and ohms.

Includes 682 frequency module at $200 and 673 function
meter at $450. For dual channel specify 633 module at
$300.

Includes 685 frequency module at $800 and 673 function
meter at $450.

Includes 682 frequency module at $200 and 675 universal
EPUT and timer at $550.

see page D6.
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- = =
Freq. Counter Extenders
Name Model

Beckman 605B
Beckman Inst. 606
Inc, 607
607-4

609
613
613A
631
635
884
931

Dynascience 83
Dynascience 84
Div. 520B
522
525

EIP 361A
EIP Inc. 362A
363A

GR 1157-B
. General Radio ™
Co.

Monsanto 1101A
Monsanto 1103A
Electronics 1104A
1106A

1107A

1108A

1111A

Systron 1215

Systron-Donner1253
Corp. 1253H
1255A

1257

1291

1292

1295
1295H

1298
1979H

8051

Frequency Counters

(continued fom page D37)

Name Model
Systron 7015

7018

7034

7035

7038

8040

8050

8200

8220/FMO01

TSC 210
Time Systems 211
Corp. 272
273
300 =
410-2
410-3 )
410-4

Weston 300
Weston Instru- 301

ments 301C
302
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Oscilloscopes (general purpose)

FREQUENCY SENSITIVITY SWEEP SPEED
Input Signal Ext. Type Price
Min.|Max. | Resp. | Max. | Min. Imp. Delay | Max. [Min. Trigger | Misc. | C-Cab. | Approx
Manufacturer Model Channel| Hz | MHz dB | mV/ecm | V/em | MQ(pF) Ms ps/em |s/cm V(p-p) | Features | R-Rack $
MCD 349 vert de |0.02 |1 1000 n/a 1(100) n/a 0.7s. |10 1.0 C 250
MCD MK | vert de 0.07 | 1 6 10 0.5(75) n/a 5 0.5 n/a C 99
MCD MK 11 vert de 0.1 2 100 20 1(50) n/a 5 0.5 n/a a C 185
MCD 300 vert de 10.1 1 10 40 0.5(100) | n/a 5 1 n/a C 188
Simpson 466 vert 15 0. 1 1 12 100 | 0.5(35) n/a 12.5 0.065 | n/a d G 190
S1
Waterman OCA-12A vert de 0.2 ina 40 100 1(6) n/a 6.6 0.066 | n/a a (@ 375
Waterman OCA-118B vert de |[0.2 ina 20 100 1(60) n/a 200 2 n/a Z 375
Waterman OCA-11A vert de 0.2 ina 20 100 1(30) n/a 6.6 0.066 | n/a (e 325
MCD S-11A vert de 0.2 2 100 2 0. 5(100) n/a 20 0.5 n/a (@ 170
HP 122A vert el 0.2 3 10 100 1(50) n/a 5 0.5 245 a C,R 850
Heath 10-10 vert de |0.2 2 100 n/a 3.6(35) n/a 50kHz |5Hz n/a e (& 100
Heath 10-21 vert 2 0.2 2 177 n/a 10(20) n/a 100k Hz{20Hz n/a e @ 62
Millen 90923 vert do 0. 27 |8 430 n/a n/a 0 3.3 0.05 n/a d R 322
Tektronix 503 vert de 0.45 | 3 1 20 1(47) n/a 1 5 0.5, dgi (@} 695
HP 1208 vert dc 0.45 |3 10 100 1(50) n/a 5 0.5 1i5 R 560
S2
Tektronix 504 ) vert dc Q=45 188 5 20 1(47) n/a 1 0.5 05 gi @ 595
HP 130C vert de. 0.5 3 002 50 1(45) n/a 1 12,5 0.5 d c 790
Spedcor 1120/200 vert dec |0.5 3 10 50 2(45) n/a 1 5 0.25 adg CoR 880
vert de 0.5 3 40 n/a 2(45)
Dumont 708A vert de 10.5 3 0.01 10 1(50) n/a 5 2 0.5 b R 1495
Spedcor 1120/300 vert dci10.5 |8 10 50 2(45) n/a 1 5 0.25 adg C.R 855
vert de 0.3 3 1 0.01 | 2(45)
HP 132A vert de  10.5 3 0.1 50 1(50) n/a 1 12.5 0.5 b C 1475
Spedcor 1120/100 vert dc 0.5 3 40 n/a 1(100) n/a n/a n/a n/a adg G, R
HP 1200 ; vert de 0.5 3 0.1 50 1(45) n/a 1 125 0.2 C,R 990
Spedcor 1120/700 vert dc 0.5 % 0.1 20 2(50) n/a 1 5 0.25 adg C.R 1000
Dumont 704A vert de 05 3 0.02 20 1(50) n/a 1.0 520 0.5 d R 895
S3
Spedcor 1120/600 vert de i1 0.5 3 0.1 20 2(50) n/a 1 5 0.25 a C.R 9215
vert de 0.15 |3 40 n/a 2(50)
HP 1201 dec 0.5 3 0.1 50 1(45) n/a 1 12.5 0.2 a C, R 1900
Dumont 701B vert de 0.5 3 1 10 1(40) n/a 5 0.2 S R 575
HP 1202 vert de 0.5 3 0.1 50 1{45) n/a 1 12.5 0.2 ER 790
Spedcor 1100/200 vert dc 0.5 3 10 50 2(45) n/a 1 5 0.25 dg C,R 690
vert de 0.5 < 40 n/a
HP 1205A de  |0.5 3 5 50 1(45) n/a 1 12.5 0.2 a &R 875
Dumont 702 vert dc 0.5 3 10 100 1(44) n/a 5 2 0.5 R 895
HP 1206 vert de 0.5 ] 5 50 1(45) n/a 1 12.5 0.2 C.R 715
Spedcor 1100,/300 vert de Q5 3 10 50 2(45) n/a 1 5 025 dg C,R 765
vert dc 0.3 3 1 0.01 | 2(45)
S4 x
HP 1207 vert de 0.5 3 5 50 1(45) n/a 1 12.5 0.2 C.R 1550
Spedcor 1100/100 vert de 0.5 3 40 n/a 1(100) n/a 1 5 n/a dg C,R 503
Spedcor 1100/700 vert de 0.5 3 0.1 20 2(50) n/a 1 5 0.25 dg CyR 910
Spedcor 1100/600 vert dc |0.5 3 0.1 20 2(50) n/a 1 5 0.25 dg C,R 825
vert de ~ 10.15 |3 40 n/a 2(50)
Millen 90925 vert de 0.55 3 160 n/a n/a n/a 3.3 0.05 n/a d R 393
Data 572 vert de 0.6 3 20 n/a 1(30) n/a 100kHz | 10Hz n/a d C 566
Data 539 vert 5 1 < 1000 n/a 1(25) n/a 100kHz [10Hz n/a (@ 93
horz 2 0.2 3000
Tektronix R5030 vert dc 1 3 0.01 10 1(50) n/a 1 5 0.25, |bdein C;R 1850
0.5
Tektronix 502A vert dc 1 3 5 20 1(47) n/a 1 5 bdgm c 1265
Millen 90954 vert dc 1 3 100 1000 |n/a n/a 393 0.11 n/a d C 655
Data 536A vert dc 15 3 20 n/a 1(22) n/a 100kHz [10Hz n/a C 128
horz 2 0.5
S5
Data 556A vert dc 1.5 3 20 n/a 1(22) n/a 100kHz |10Hz n/a C 188
horz 2 0.5 300
Xetex OS15A vert de |3 3 100 50 1(30) n/a 1 0.1 1 (& 200
Tektronix 323 vert dc 4 3 10 20 1(47) n/a 5 1 0.075, |eh & 960
0.19
Hickok 770A vert dc 4 3 10 50 1(45) n/a 1 0.5 0.2 C 475
Tektronix 310A vert dc |4 ] 100 50 1(40) n/a 0.5 0.2 0.2 efi e 795
Misc. Features, see page D42.
Manufacturers and model numbers, see page D56.
Reader service numbers for literature and application notes, see page D6.
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RF DETECTOR PROBE

X

/
/ ) A
[ /’i /‘\

CONTINUOUSLY
VARIABLE
7 /)

ATTENUATORS ' —
Y ol ) MULTICHANNEL

N OSCILLOSCOPE

N, 'Y

. « . Let Texscan Supply Your
Missing Test Equipment Pieces

Pick the winner in RF DETECTOR PROBES: The Texscan BN-8511 probe was designed for
general applications where swept techniques are used. The detector is usable up to 1000
MHz and incorporates a voltage doubler so both positive and negative half waves of the
RF voltage are detected. . . . Pick the winner in RF ATTENUATORS: Our broad line of
continuously variable attenuators provide you with a wide variety of attenuation ranges,
50 or 75 ohm impedance levels and are inexpensive. . . . Texscan's LARGE SCREEN X-Y
DISPLAY SCOPES are more winners. The DU-17 large screen scope permits the display and
resolution of frequency response curves and can be
used in conjunction with any sweep generator or signal
generator. Three vertical inputs and two reference lines
enable the user to display simultaneously the response
of the unit under test while also displaying VSWR and
insertion loss. Ideal for testing amplifiers, filters, VHF

_ and UHF tuners. . . . The DU-11 FULLY TRANSISTOR-
@ W IZED LARGE SCREEN DISPLAY SCOPE is a big winner:
The CRT has a usable area of 6 x 8 inches with a
CORPORATION medium P-7 phosphor. A scanning system and three
identical directly coupled Y amplifiers permit the simul-
TECHNICAL taneous display of three frequency response curves at
PRODUCTS three different points in the circuit under test. A unique
DIVISION marker circuit enables the pulse or heterodyne markers
from a generator to be displayed as dots, vertical pips
or vertical lines.

7707 N. Records Street Indianapolis, Ind. 46226  Phone (317) 545-2101 Telex: 27-2110 TWX 810-341-3184
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Oscilloscopes (general purpose)

10

FREQUENCY SENSITIVITY SWEEP SPEED Type y
Input Signal Ext. Price
Min. |Max. | Resp.| Max. | Min. Imp. Delay | Max. |Min. Trigger | Misc. | C-Cab. | Approx
Manufacturer Model Channel| Hz | MHz dB | mV/ecm | V/em | MQ (pF) Hs ps/cm |s/cm V(p-p) | Features | R=Rack S
Simpson 458 vert H6eNt 4. 5 1 16 100 | 3.3(20) 0.05 4.0 |0.065 | n/a d Cc 420
Jackson CRO-3 vert 200 4.5 1 7 100 1.5(25) n/a 2.5 0.006 | n/a € 255
Aul 055 1 del 5 3 10 20 1 n/a 1 0.3 1 G 400
Binary 5Mc2P vert del 5 3 100 10 1(30) n/a 1 1 +0.5 b (3 950
Xetex OS25A vert deiil| 5 3 100 50 1(35) n/a 1 A 1 a G 315
Sé
MCD 1531 vert e 5 2 20 10 1(47) n/a 1 5 0.1 ad & 995
Data 557A vert de 5 g 20 n/a 1(30) n/a 100kHz | 10Hz n/a G 218
horz 2 0.5 300
Heath 10-18 vert 3 5 3 28 n/a |27 n/a 500kHz|10Hz | n/a (& 93
Heath 10-17 vert 5 5 3 30 n/a 1(25) n/a 200kHz |20kHz | n/a C 80
Mercury 3000 vert 105 5 3 4.6 50 2.7(70) n/a 0.25 [0.025 | n/a (o 180
Allied KG-635 vert de |5.2 1.5 | 0.6 17 7 2 5 3 2 c 120
RCA WO-33A vert Seoll 5.5 |8 3 60 1(50) 0.1 13 0.066 | n/a C 139
Tektronix 321A vert de é 3 10 20 1(41) n/a 0.5 055 ehi (] 1045
Sencore PS148 vert 5 6.2 3 6.8 2000 |27(9) n/a 500kHz |5Hz n/a G 250
Tektronix 317 vert de 10 3 100 50 1(40) n/a 0:2 2 0.5,4 |ei C,R 1050
S7
Data 555 vert dc 10 3 20 10 1(33) n/a 1 1 1 C 297
horz 2 0.2 200 n/a n/a
Philips PM3200 vert de 10 3 2 50 1(30) n/a 0.1 0.5 2 ep S 480
Philips PM3230 vert de 10 3 20 20 1(30) n/a 0.5 10.5 1 b G 795
Data 553 vert de |10 % 10 20 1(33) n/a 1 1 1 a & 487
horz 2 0.2 200 n/a
MCD 100 vert de |10 2 50 15 1(50) n/a 0.5 0.2 n/a C 359
Tektronix 422 vert dc 15 3 10 20 1(33) yes 0.5 0.5 0.125, |eig 1500
0.6
Tektronix 422/1258B vert dc 15 3 10 20 1(33) yes 0.5 0.5 0.125, | aeij G 1850
0.6
Tektronix 515A vert dc 15 3 50 20 1(36) yes 0.2 2 0.5,1.5 | gi C 1050
Tektronix 516 vert de 15 3 50 20 1(20) yes 0.2 2 0:5,1.5 1ai C 1275
Philips PM3231 vert dc 15 3 10 20 1(30) 0.1 0.2 0.5 1 bdep C 975
S8
Xetex 0s2100 vert de |25 3 1 20 1(35) 0.2 0.04 0.2 0.3 a G R 895
Hickok CRO5000 vert de |25 3 10 50 1(30) 0.05 0.05 |2 0.2 C,R 725
Philips PM3250 vert de 50 ina 2 20 1(17) yes 0.05 |1 1 ado C 1995
Dumont 1050 vert de 50 3 1 20 1(25) n/a 0.1 1 0.02 arst C 2195
Tektronix 453 vert de |50 3 20 10 1(20) yes 0.1 5 0.2 adegk C 2050
Ilwatsu SS-112 vert dc 100 |3 5 12.5 |1(13) 0.09 0.002 |12.5 0.1 a (o 2340
S9 Tektronix 454 vert dc 150 3 20 10 1(20) yes 0.05 |5 adegl (& 2925
lwatsu $S-212 vert de 200 |3 5 12.5 |1(14) 0.08 0.001 |12.5 0.04 a e 3120
a. Dual trace instrument. horizontal deflection with channel 2 for
b. Dual beam instrument. vertical deflection. 10mV/div dc - 100 MHz,
¢. Multi-channel scope. 5mV/div, dc - 60 MHz. Calibrated sweep
d. Identical vertical and horizontal amplifiers. delay;  xy operation.
e. Sensitivity per division. m. Sensitivity, dc - 100 kHz, 3 dB down, 100 pV/
f. Trigger: 0.2V external de - 1kHz or 2V cm.
external at 5SMHz. n. Current input de - 5 kHz, 3 dB down, sensitivity
g- Rackmount at extra cost. 1 mA/cm - 200 mA/cm.
h. Battery operated. o. Two channels, dc - 50 MHz; xy operation,
i. Also ac coupled. de - 5 MHz, 200 pV/cm.
i+ Battery pack $125. p. Sweep speed per division.
k. Two channel, channel 1 can be switched for q. Second channel, dc - 2.5 MHz, 2 mV - 2V/div.
horizontal deflection with channel 2 for r. Dual modulated triggering system.
vertical deflection. 10mV/div, dc -45MHz, s. 1 mV/cm sensitivity both channels, dc - 25 MHz;

5mV/div, dc-40MHz. Calibrated sweep
delay; xy operation.
Two channel, channel 1 can be switched for

Manufacturers and model numbers, see page D56.

10 mV/em dec - 50 MHz at full bandwidth.
Low level constant amplitude triggering at full
bandwidth.

Reader service numbers for literature and application notes, see, page D6.
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New from the new DUMONT...

the 1050, the scope that
wants to trigger!

i For full inf ite
Featuring a remarkable new DUMONT S?ﬁw‘ﬁ%gw‘m@on b
triggering capability. 40 Fairfield Place, aldwell, N.J. 0
: . . (201) 228-3665/TWX (710) 734-4308
[J No loss of trigger, either k" "
channel, any position. o d

[J Notrace flicker in dual trace. -

[0 No trigger level readjusting ’ . DSCOPE LABORATOF
after repositioning.

PLUS unequalled simplicity of

operation for a 50 MHz bandwidth,
1MV sensitivity scope.

— D SR CE O
£
‘e

R ; ;
-—— & % g
Y 2

| g
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Oscilloscopes (sampling)

FREQUENCY SENSITIVITY SWEEP SPEED
Channel Rise Delay | dc Price
(Misc. dc to | Resp. Time Max. Min. Imp. |Noise | Line | Offset | Max. Min. CRT Approx
Manufacturer Model Features) | GHz dB ps | mV/em | mV/em | Q (pF mV ns \' ns/cm | ps/em | Details $
Tektronix 5648/352/ abc 0.35 jid 1000 | 2 200 1M(15)]0.5 n/a +1to 0.2 100 8x10cm 3490
312/55 -1
Tektronix 568/355/375/ | abcef 0.35. |§8 1000 | 2 200 1M(15)]0.5 n/a +1 to 0.1 0.5s 8x10cm 8490
230/S-5 -1
Tektronix 561B/352/ abc 0.35 |8 1000 | 2 200 1M(15)[0.5 n/a +1 to 0.2 100 8x10cm 2935
312/55 -1
Tektronix 568/355/315/ | abcdef 1 3 350 2 200 50 2 n/a +1 to 0.1 0.5s 8x10cm 8445
230/S-1 =i
Tektronix 5618/352/ abcd 1 3 3501 12 200 50 2 n/a +l1t0 | 0.2 100 8x10cm 2945
312/5-1 =}
S10
HP 1410A agmn 1 3 350 1 400 100k(2)8 yes ina 0.004 | 10 m 3600
1425A 50
Tektronix 7811/7111/ single 1 3 3508 12 200 50 2 n/a +1 to 0.01 5000 8x10cm 3850
$1/7504 -1
HP 1410A agm 1 3 350 1 400 100k(2)(8 yes ina 0.004 | 500 m 3100
1424A 50
Tektronix 564B/352/ abc 1 3 3otz 200 50 2 n/a +1 to 0.2 100 8x10cm 3445
312/5-1 =1
Tektronix 151 gh 1 3 350152 200 50 1 yes +1 to Dt 50 h 1400
-1
Tektronix 152 ghi 3.9 3 90 5 500 50 2 n/a n/a ina ina h 1525
HP 1815A single 4 3 90 5 500 50 3 ina ina 0.01 1 k 1950
18 16A kg
HP 1411A agm & 3 90 0.4 200 50 3 ina ina 0.004 | 500 m 3100
1432A
1424A
HP 1411A agmn 4 3 90 0.4 200 50 3 ina ina 0.004 | 10 m 3500
1432A
1425A
Tektronix 564B/352/ abe 7 3 50 2 200 5 6 n/a +1 to 0.2 100 8x10ecm 3500
372/5-2 -1
S11
Tektronix 5618/352/ abe 7 3 50 2 200 50 6 n/a +1 to 0.2 100 8x10cm 3000
312/5-2 -1
Iwatsu 50098/V-98 single 7 £ 50 10 200 50 715 ina ina 10ps 100 7in., 3kV| 3255
Tektronix 568/3S5/ abcef 7 3 50 2 200 50 2 n/a +1 to 9. 0.5s 8x10cm 8500
375/230/52 Ay
lwatsu 50098/V-98/ | a 7 3 50 10 200 50 15 ina ina 10ps 100 7in:,3kV] 3255
H-9Y
HP 1815A single 12.4 |8 28 5 500 50 8 ina ina 0.01 1 k 2600
1817A gk
HP 1430A agm 12:4. 88 28 0.4 200 50 8 ina ina 0.004 | 10 see main | 5500
1431A frame
1411A
1425A
HP 1411A agm 12.4 |3 28 0.4 200 50 8 ina ina 0.004 | 500 m 5100
1430A
1424A
1431A
Tektronix 5648/352/ abe 14 3 25 2 200 50 5 n/a +1 to 0.2 100 8x10cm 4020
372/5-4 -1
Tektronix 568/3S5/ abcef 14 3 25 2 200 50 5 n/a +1 to 0.2 100 8x10cm 9020
375/230/5-4 -1
Tektronix 561B/352/ abc 14 3 25 2 200 5 5 n/a +1 to 0.2 100 8x10cm 3465
312/54 -1
S12
lwatsu 50098/V-9F/ | a 18 3 20 10 200 50 15 ina ina 10ps 50ms Zin., 3kV| 5650
H-9W
a. Dual trace. g- Plug=in. k. Fits 180 series main frame, see main frame
b. Identical vertical and horizontal amplifiers. h. Fits any 530, 540, 550 or 580 (with adapter) section for price and specifications.
c. Storage scope. see main frame section for price and specifica= m. Fits 140 series main frame, see main frame
d. S-3 sampling head identical as S-1 head, except tions. section for price and specifications.

e.
f.

input impedance 100kQ, 2.3pF and noise at

3mV, price $435.

Digital readout.
Programmable.

Also reflectometer calibrated in p (rho) 0.005p/

div to 0. 5p/div.
Dual channel available using additional 7511
and sampling head, $4600 minimum.

Manufacturers and model numbers, see page D56.

Reader service numbers for literature and application notes, see page D6.
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Type 1425A delayed sweep 0.05us-0.005s,
+3% accuracy.
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the logical solution

The E-H Research Laboratories, Inc., Amer-
ica’s leading designer and manufacturer of
pulse generators and other measurement
instruments, has teamed up with the Iwatsu
Electric Company, Ltd., Japan’s foremost
manufacturer of oscilloscopes. Together
they make an ideal team to solve any of your
logic problems.

For example, the E-H 137 pulser is an ideal
stimulus source offering a source imped-
ance of 50 ohms, fast, ultra-clean, adjustable
leading and trailing edge ramps, all the out-
put levels you need for TTL and ECL logig
and 100 MHz pulse repetition frequency.

Team this up with the Iwatsu 212 oscillo-
scope and you’ve got a team that’ll perform
to your utmost satisfaction for years to
come. The lwatsu 212 is the ideal wide-band
scope featuring bandwidth in excess of 200
MHz, with sweep speeds and writing rate to
match. One MQ input impedance matches
directly with the impedance level of circuit-
ry under test. This is the only 200 MHz band-
width oscilloscope featuring 1ns-/cm and
delayed sweep in one instrument. Big,
bright 6x10 cm display is another feature.

These are only two instruments from a broad
line of E-H and Iwatsu instrumentation
exclusively available from E-H. So what-
ever your logic problems are, contact an
E-H representative today for the most logi-
cal solution.

b Y

| E-H RESEARCH LABORATORIES, INC.

V4 N\

515 Eleventh Street - Box 1289, Oakland, California 94604 + Phone: (415) 834-3030 - TWX 910-366-7258
In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Company, Ltd., 7-41, 1-Chome Kugayama Suginami-Ku, Tokyo 167, Japan
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Oscilloscopes (main frame)

12

FREQUENCY SENSITIVITY SWEEP SPEED
Channel Price
(Misc. Min. | Max. Resp. Max. Min. Max. Min. Int Approx
Manufacturer Model Features) Hz MHz dB mV/cm V/em ns/cm s/cm Calib Mounting $
Tektronix 5618 adij de 10 3 a a a a 4mV-40V|C 595
Tektronix 5648 adijh de 10 3 a a a a 4mV-40V|C 1095
Tektronix 565 bdkg dc 10 3 b b 1000 5 (o4 1675
Gen-Atro AN/USM-157 b dc 10 3 10/div 50/div 100/div 0.1/div | yes R ina
Gen-Atro K106 b de 10 3 10/div | 20/div 100/div 0.1/div | yes E4R ina
S13
Tektronix 536 a dc 11 3 a a a a 0.2mV- |C 1325
100V
Tektronix 535A bde de 15 3 b b 100 5 0.2mV- |C 1525
100V
Tektronix 533A b de 15 3 b b 100 5 0.2mV- |C 1275
100V
Tektronix 531A b de 15 3 b b 100 5 0.2mV- |C 1150
100V
Gen-Atro GA 415 b dc 15 3 10/div 20/div 100/div 0.1/div | yes C,R ina
HP 143A a dc 15 Flat to | a a a a 1A% C,R 1500
. 15MHz
HP 1418 a dc 20 Flat to | a a a a 1A G R 1500
20MHz
HP 141A a dc 20 Flat to |a a a a v C,R 1395
20MHz
HP 1408 a de 20 Flat to | a a a a v C,R 695
20MHz
HP 140A a de 20 Flat to | a a a a v €. R 695
20MHz
S14
Xetex OS-2000 ad dc 20 3 1 20 40 0.2 yes R 525
Tektronix 551 bk dc 27 3 b b 100 5 0.2mV- |C 2200
100v
Tektronix 549 befh dc 30 3 b b 100 5 0.2mV- |C 2625
100V
Tektronix 543B bd de a3 3 b b 100 5 0.2mV- |C 1450
100V
Tektronix 545B bde dc 33 < b b 100 5 0.2mV- |C 1700
100V
Tektronix 544 bdf de 50 3 b b 100 5 0.2mV- |C 1625
100V
Data 1700 a de 50 3 a a a a yes © 885
Tektronix 546 bdfg dc 50 3 b b 100 5 0.2mV- |C 1825
100V
Tektronix 547 bdfg dc 50 3 b b 100 5 0.2mV- |C 1950
100V
Tektronix 556 bdgk dc 50 3 b b 100 5 0.2mV- |C 3700
100V
S15
Dumont 77T ack de 50 3 a a a a ina C,R 1895
Dumont 767H a dc 50 3 a a a la yes R 895
Dumont 766H a de 50 3 a a a a yes c 795
Dumont 765MH ap dc 50 3 a a a la yes G 1075
Dumont 757 an de 50 3 a a a a yes R 1095
Tektronix 585A bde de 80 3 b b 50 2 0.2mV- |C 2000
100V
Tektronix 581A b dc 80 3 b b 50 2 0.2mV- |C 1700
100V
Tektronix 7504 acm de 90 3 a a a 4mV-40V |C 2000
HP 181A ad de 100 Flat to |a a a a 10 p-p (il 1850
100MHz
Dumont 957 an de * 100 3 a a a a yes R 1140
S16
Dumont 765MHF ap de 100 3 a a a a yes € 1150
Dumont 766HF .a de 100 3 a a a a yes € 880
Dumont 767HF a dc 100 3 a a a o yes R 980
Dumont 777/105 ack de 100 3 a a a a yes C,R 2010
HP 180A ad dc 100 Flat to | a a a a 250mV- |C,R 895
100MHz 10V
Tektronix 647A ad de 100 3 a a a a 0.2mV- |C 1725
100V
S17 | Tektronix 7704 acm dc 150 3 a a a a 4mV-40V |C 2500
HP 183A ad de 500 Flat to |a a 0.05- C,R 1750
500 0.5V
Misc. Features, see page D48.
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WILL HAVEA
EMI/RFI SHIELDING GASKET

PRODUCT CONDUCTIVE SILVER/SILICONE
S"I'Il‘lli CONSIL® m Highly conductive pure

silver/silicone. m Produced as
I'II!I;"'I“.I{‘V sheets, cut gaskets, strips, custom
A molded parts. m Very compressible

. . . Firmness 30 to 60 + duro-

meter. = V%Iume resistivity .001
ohm-cm. ® Operating temperature oy
IN EVEHY ISSUE — 65°F. to 4 450°F. w Patent CONSIL® — "D shaped

pending. @ Write for data #850 Strip gaskets seal and

LOOK FOR THESE:

DECEMBER 5, 1969 WECKNIT' TECHNICAL WIRE PRODUCTS, INC.
Sweep Generators East Division e 129 Dermody St., Cranford, N. J. 07016 (201) 272-5500

West Division e 427 Olive St., Santa Barbara, Calif. 93101 (805) 963-18y
DECEMBER 19, 1969

Field Strength Meters INFORMATION RETRIEVAL NUMBER 632

JANUARY 4, 1970
Pulse Generators

“IT'S 600D BUSINESS

Slgnal Genasiors T0 HIRE THE HANDICAPPED."
FEBRUARY 1, 1970

oM ISN'T THAT A GREAT IDEA, SNOOPY?

FEBRUARY 15, 1970

Power Supplies:

High Current, Lab Type,

High Voltage, Constant Current,
Modular AC-DC, Power Supplies

MARCH 1, 1970
Frequency Meters, Coat & WG

MARCH 15, 1970
Noise Generators

APRIL 1, 1970
Multitesters

APRIL 12, 1970
AC Power Supplies, Special
Purpose Power Supplies

APRIL 26, 1970
Oscillators

MAY 10, 1970
Squarewave & Function
Generators

THE PRESIDENT'S COMMITTEE ON EMPLOYMENT

MAY 24, 1970 ; ~ OF THE HANDICAPPED, WASHINGTON, D. C.
Frequency Synthesizers

INFORMATION RETRIEVAL NUMBER 619
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Vertical Amplifiers (single trace)

13

FREQUENCY SENSITIVITY
Input Common Main Frames Price
Min. | Max. | Resp. Max. | Min. Impedance| Mode Misc. for Approx
Manufacturer Model Hz | MHz dB mV/em | V/cm MQ (pF) Rej. Features Plug=-In S
Tektronix 2A63 de 0.3 |3 1 20 1(47) d 56 1B, 564B, 565 190
HP 1407A dc 0.4 i3 0.05 50 1(90) 80dB 140, 141, 143 Series 725
HP 1406A dc 0.4 3 0.05 50 1(100) 80dB 140, 141, 143 Series 950
HP 1403A 0l 0.4 S 0.01 0.125 | 10(60) 106dB 140, 141, 143 Series 575
HP 14008 dc 0.5 |8 0.1 50 1(45) 100dB 140, 141, 143 Series 275
S18
Dumont 74-12 dec 0.85 |i8 1.0 10 1(37) 40dB 765,766,767 Series 295
Tektronix 1A7A dc 1 3 0.01 10 1(47) d 530, 540, 550, 580 525
Tektronix 2A60 dc 1 3 50 50 1(47) n/a 5618, 5648B, 565 140
Dumont 74-15 dc 1 3 20 20 1(33) n/a 765,766,767 Series 195
Tektronix 3A9 de 1 3 0.01 10 1(47) de 5618, 564B, 565 525
Tektronix 7A22 dc 1 3 0.01 10 1(47) dg 7704, 7504 500
Tektronix 1A6 de 2 3 1 50 1(33) d b 530, 540, 550, 580 295
Tektronix 3A75 dc 4 3 50 20 1(47) n/a 561B, 564B, 565 215
Dumont 74-19 dc ) 3 50 20 1(40) n/a 765,766,767 Series 325
Gen-Atro AM-=-3254/ de 10 3 10/div | 50/div | 1(42) n/a AN/USM-157 ina
USM-157
S19
Tektronix 3A7 dc 10 3 1 50 1(20) d b 561B, 564B , 565 750
Gen-Atro ST 106 de 10 3 10/div | 20/div | 1(47) n/a K 106 ina
Data 1Y7 dc 15 3 50 20 1(30) ina 1700 151
Tektronix 3A5 de 15 3 10 50 1(24) n/a 561B, 5648 950
dc 5 3 5 n/a
Tektronix G dc 20 3 50 20 1(47) d b 530, 540, 550, 580 235
Xetex 052001 dec 20 3 50 20 1(35) 80dB 052000 100
Tektronix w de 23 3 1 50 1(20) d b 530, 540, 550, 580 625
Dumont 76-01A dc 25 3 5 10 1(40) n/a 765,766,767 Series 425
HP 1803A de 40 3 1 50 1(27) 86dB 180, 181, 183 Series 950
Data Y1 de 50 3 10 20 1(35) ina 1700 214
S20
Tektronix 1A5 dc 50 3 1 20 1(20) d b 530, 540, 550, 580 625
Tektronix 10A1 dc 55 3 20 20 1(20) d 647A 1025
de 35 3 1 0.002
Tektronix 86 de 80 3 100 50 1(15) n/a 580 Series 425
dc 75 3 10 5
Tektronix 7A13 dc 150 3 1 5 1(20) d 7704, 7504 1100
de 75 3
Tektronix 7AT1 dc 150 3 5 20 ™M n/a £ 7704, 7504 850
dc 90 3
Tektronix 7A16 dc 150 3 5 5 1(15) n/a 7704, 7504 500
S21
de 90
Misc. Features, see page D50.
Manufacturers and model numbers, see page D56.
D6.

Reader service numbers for literature and application notes, see page

Oscilloscopes (main frame)

Misc. Features for table on page D46

a. Both horizontal and vertical amplifiers
are plug-ins, for complete specifications
see plug-in tables.

b. Vertical amplifier is a plug=in. Specifi-
cations are for main frame and built-in
horizontal amplifier. See plug=in tables
for vertical amplifier specifications.

c. Multi-channel scope.

D48

SQ "o

Rack mount extra.

Time base A; Time base B 2us=1S/cm, delay.

Internal calibrator 5mA, dc.
Also sweep delay.
Split screen storage scope with variable
viewing time.
Plug=ins available for dual trace, differ-
ential, sampling and spectrum analyzers,

see appropriate plug-in section.
Internal calibrator 10mA.
Dual beam.

Internal calibrator 40mA.

High writing scope.
Militarized.

© 3 3 x—
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RCA VERSAWATT Transistor Family

TYPE Ve (sus)** hee
R
DD @y mmersiaw=
mowor O e o i
e 50 V T G e B
;z;’:gs: 80 V 20-100 @ lc = 35 A, Ve = 4 V

T +0,.=35°C/W max. *@, . =2.5°C/W max. **Rs = 100 ohms

RCA VERSAWATT Triac Family
lgt

Vorowm I, + 11l - modes I, - Il + modes
40668 200 V 25 mA max. 60 mA max.
40669 400 V 25 mA max. _ 60 mA max. o,

0, = 2.2°C/W max.

S

VERSAWATT is RCA's plastic unit on a solid-copper base
which displays brute power dissipation capability—up to 50
watts in the transistor line; power handling capability up to
10 kW in thyristors. It is rugged. It has “‘volumetric"
efficiency. It has compactness —a space-saving ad-
vantage over larger, equivalent types —that makes
VERSAWATT an ideal package for PC board appli-

cations where hermetic types previously were employed.

VERSAWATT means versatility in mounting possibilities. *
RCA offers three basic configurations (you can devise your
own option to fit your needs). These configurations are for
PC boards and direct plug-in for TO-66 sockets.

VERSAWATT is a plastic package offering different chips
for outstanding electrical performance —in transistors, from
milliamperes to several amperes. In thyristors, 120- and
240-volt line operation VERSAWATT 8-ampere triacs have
low thermal resistance — better than many hermetic types.
They offer a high 100 A peak surge current capability.

VERSAWATT has proven reliability, backed by data from
more than three years of field testing in commercial and
industrial applications. An added plus: VERSAWATT
transistor units employ Hometaxial-base consfruction, the
industry's best answer yet for freedom from second
breakdown.

Check the charts for units packaged as VERSAWATT
transistors and thyristors. There are more to come. Right
now, see your local RCA Representative or your RCA
Distributor for more information. For technical data on
specific types, write: RCA Electronic Components,
Commercial Engineering, Sec. |G11-2, Harrison, N.J. 07029

RGN

INFORMATION RETRIEVAL NUMBER 620

ELECTRONIC DESIGN 24, November 22, 1969
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Vertical Amplifiers (dual trace)

14

FREQUENCY SENSITIVITY
Input Common Main Frames Price
dec to Resp. Max. | Min. Impedance| Mode Misc. for Approx
Manufacturer Model MHz dB mV/em | V/em MQ (pF) Rej. Features Plug-In $
HP 1401A 0.45 3 1 25 1(45) 40dB 140, 141, 143 Series 450
Tektronix 3A3 0.5 3 0.1 10 1(47) c 5618B, 5648, 565 950
0.005 3
HP 1408A 0.5 3 0.1 50 1(45) 100 140, 141, 143 Series 575
Tektronix 3A72 0.65 3 10 20 1(47) n/a 5618, 5648, 565 310
HP 1405A 5 3 5 25 1(43) 40dB 140, 141, 143 Series 350
S22
Tektronix 3A6 10 3 10 10 1(47) n/a 5618, 5648, 565 550
Gen-Atro DT 106 10 3 50/div | 20/div | 1(30) n/a K 106 ’ ina
Gen-Atro DT-415 15 3 10/div | 20/div | 1(30) n/a GA 415 ina
Xetex 0OS52002Y 20 3 1 20 1(35) 80dB 052000 220
HP 1402A 20 3 5 25 1(43) 40dB 140, 141, 143 Series 575
Dumont 76-02A 25 3 10 1(40) /e 765,766,767 Series 595
Data 1Y2 50 3 10 20 1(35) ina 1700 331
Tektronix 1A1 50 3 5 20 1(15) n/a b 530, 540, 550, 580 Series 650
HP 1801A 50 3 5 50 1(25) A-B, 40dB 180, 181, 183 Series 695
Tektronix 1A2 50 3 50 20 1(15) 20:1 b 530, 540, 550, 580 Series 360
S23
Dumont 76-08 50 3 5 20 1(23) n/a 765,766,767 Series 790
Tektronix 7A12 75 3 5 5 1(24) n/a 7704,7504 700
105 3
Tektronix 82 80 3 100 50 1(15) n/a 580 Series 765
79 3 10 8
Tektronix 7A12 105 3 < 5 1(24) n/a 7704, 7504 700
75 3
Dumont 95-71 100 3 20 40 1(14) n/a 957 Series, 777/105 1025
HP 1802A 100 3 10 25 50Q a-b,40dB | a 180, 181, 183 Series ° 1200
524 Dumont 79-02A 100 3 10 20 1(14) n/a 765,766,767 Series 1015
Tektronix 10A2A 100 3 10 20 1(20) n/a 647A/R64TA 885
HP 1830A 250 3 10 2.5 50Q n/a a 183A, 183B 850
0 oo
Vertical Amplifiers (four trace) 15
FREQUENCY SENSITIVITY
Input Common Main Frames Price
dc to Resp. Max. | Min. Impedance | Mode Misc. for Approx
Manufacturer Model MHz dB mV/em | V/em MQ (pF) Rej. Features Plug-In $
Tektronix 3A74 2 3 20 10 1(47) n/a 561B, 564B, 565 695
$25 HP 1404A 15 3 10 J2.5 1(30) 40d8B 140, 141, 143 Series 975
HP 1804A 50 3 20 25 1(25) n/a 180, 181, 183 Series 1050
Tektronix 1A4 50 3 10 20 1(20) 20:1 530, 540, 550, 580 895
a. With 1120H active probe, input impedance 50,000:1, dc-100kHz, 1000:1 100-500kHz; 3.4pF, 0.1-1V/div, 2pF, 2-20V/div.
100kQ, 3pF with 10:1 divider tip shunted ac coupled 500:1, 15Hz; 2000:1, 60Hz. g. High frequency 3dB point, 100Hz-1MHz;
by 1pF; passive probes available from -50- d. Various common mode rejection ratios, low frequency 3dB point 0. 1Hz=-10kHz;
5000Q, 0.7pF. depends on bandwidth. also dc.
b. Varies bandwidths and deflection factors e. Also current, de=1MHz, sensitivity ImA- h. Input deflection can be more depending on

available, depends on main frame used.
c. Common-mode rejection, dc-coupled

feo

1A/cm.
Capacitance (input) 5.8pF, 5-50mV/div,

Manufacturers and model numbers, see page D56.

Reader service numbers for literature and application notes, see page D6.
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DOES PROCESSING YOUR TEST DATA
TAKE 30 MINUTES OR 30 DAYS?

MARK Il RECORDS TEST DATA
ON COMPUTER-COMPATIBLE MAG TAPE
TO SPEED YOUR MISSION ANALYSIS

Carry it under your arm.
Anywhere. The Mark Il is a
complete data system including
a multiplexer, analog to digital
converter, programable

data formater, digital clock
and magnetic tape recorder.
The computer-compatible

. tape enables you to analyze a
complete mission — up to 1.2
million readings — in minutes.

INCre -Darta
coreorartion

The Mark Il incremental digital data acquisition system is
6%" high, 7% " wide, 13% " deep and weighs 29 Ibs. Car-
tridge loading simplifies operation; computer-compatible g

magnetic tape speeds mission analysis. FOR INFORMATION j

ON MARK Il contact Incre-Data Corporation, 6401 Acoma

Rd., S.E., Albuquerque, New Mexico 87108. AC 505 265-9575.

INFORMATION RETRIEVAL NUMBER 621



Horizontal Amplifiers (time base)

16

SWEEP SPEED TRIGGER
Main Frames Price
Max. Min. Acc. Input Output Misc. for Approx
Manufacturer Model Hs/cm s/cm % Defl. \% Features Plug=In $
HP 1840A 0.01 0.1 +3 1 div n/a h 183A, 183B 550
Tektronix 7870 0.02 5 2-5 0.3,1.5 |n/a mn 7704 600
div
Xetex O52003X 0.04 0.2 5 2mm n/a 052000 150
Xetex 0OS52005X 0.04 0.2 5 2mm n/a p 0OS2000 495
o HP 1822A 0.05 2:5 +3 0.5, 1div|j hj 180, 181, 183 Series 900
| Tektronix 7B50 0.05 5 2-5 0.3,1.5 |n/a mn 7504 450
div
HP 18208 0.05 5 *3 0.5, 1div|n/a h 180, 181, 183 Series 525
HP 1820A 0.05 5 %3 0.5, 1div|n/a h 180, 181, 183 Series 475
Dumonf. 74-03A 0.05 2 3 0.3mm |n/a 765,766,767 Series 535
Tektronix 11B1 0.1 2 -6 to +4 | 2mm-1lem |n/a m 647 A 765
HP 1821A 0.1 2.5 +3 0.5, 1div|i hi 180, 181, 183 Series 800
HP 1421A 0.2 2.5 &3 0.5div |j hj 140, 141, 143 Series 675
Data 1X2 0.2 0.2 5 0.2 ina 1700 482
Data 1X1 0.2 2 5 0.2div |ina 1700 292
Tektronix 384 0.2 2 & 1div n/a 5618, 5648 475
n/a 5 5
$27
Tektronix )i 0.2 2 3 0.2-10v |n/a 536 300
HP 1423A 0.2 12.5 +3 0.5div |n/a h 140, 141, 143 Series 490
Data 1Xé 0.5 0.2 5 0.2 div |ina 1700 214
HP ; 1420A 0.5 12.5 +3 0.5div  |n/a h 140, 141, 143 Series 375
Tektronix 2B67 1 5 3 0.4em n/a k 561B, 5648 235
s28 gP 1422A 1 12.5 +3 0.5div |n/a h 140, 141, 143 Series 250
umont 74-14 1 2 3 0.5mm n/a 765,766,767 Series 325
L] LY o]
Horizontal Amplifiers (delay) 17
DELAY TIME SWEEP SPEED
= Main Frames Price
Min. | Max. | Acc. Max. | Min. |Acc. | Jitter | Input Qutput Misc. for Approx
Manufacturer Model Hs s % ps/cm | s/em % parts Defl. \% Features Plug=In $
HP 1822A 0.05 | 10 %] 0.05 0.05 |43 1/ r 1 rt 180, 181, 183 Series 900
20,000
Tektronix 385 0.1 HosSis 0.01 | 0.05us|5 nfa | 0.52 |n/a 5618, 564B 1075
0.02s| 0.05 | 5 0.1 1 3 div
2s 5 5
HP 1821A 0.1 10 +] 0.1 0.125 |+3 1/ r 1.5 qr 180, 181, 183 Series 800
: 20,000
Dumont 74-13A 0.25 | 20 1 0.1 2 3 Y 0.5mm | n/a 765,766,767 Series 875
20,000
Dumont 74-17A 0.25 | 20 1 0.05 2 3 1/ 0.3mm | n/a 765,766,767 Series 995
20,000
S29
HP 1421A 0.5 10 1 0.2 0.125 |+3 1/ n/a +4 140, 141, 143 Series 675
20,000
Tektronix 3B3 0.5 10 1 0.5 1 3 1/ 0.4,1 | n/a 5618, 5648 680
20,000 | div
Tektronix 7B51 1 5 1 0.05 5 2-5 1/ 0.3,1 | n/a mn 7504 510
1 50 2 50,000 | div
Tektronix 7811 1 5 1 0.02 5 2-5 / 0.3,1 | n/a mn 7704 685
1 50 2 50,000 | div
Tektronix 11B2A 1 50 -6 to 0.1 5 =6to| 1/ 3mm- | n/a m 647A 970
+4 +4 20,000 | 2¢cm
$30 Data 1X2 10 0:5 5 10 0.01 |5 ina 0.2div | ina 1700 482
i. Also delay plug=in, 0. lps-10s, see delay m. Accuracy depends on time base and time base plug=in for specs.
plug=ins for specs. ambient temperature. r. After selected delay.
j- Also delay plug-in, 0.05ps-10s, see delay n. Trigger input deflection can be 0.3 or 1.5 div s. Also time base plug-in 0.2ps-2. 5/cm, see
plug-ins for specs. depending on bandwidth. time base plug=in for specs.
k. Internal, 0.5V at dc increasing to 2V at p. Also variable delay. t. Also time base plug=in 0.05-2. 55/cm, see
2MHz external. q. Also time base plug=in 0. Tus=2. 55/cm, see time base plug-in for specs.

Manufacturers and model numbers, see page

D56.

Reader service numbers for literature and application notes, see page D6.
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We just got a good idea. We put metal shells on sizes (9, 15, 21, 25, 31, 37, 51) and we’ve even got
our Micro/Con D series rack-and-panel connec- them on our flat cable connectors. If this excites
tors. They’re for when you put a connector in one you at all, maybe you’ll enter our contest. Think
of those unprotected places and it gets of a new application for our new metal

banged around a lot. /// ///// //// / / shell connectors, send it to us, and you’ll
One side is stainless steel. One \ have a chance at winning a case of
side is die-cast aluminum. And the % scotch. And even if you don’t win,

big thing is, it’s the first metal shell con- we’ll send you a genuine certificate

nector that will mate with any existing ver- recognizing your dumb idea.
sion. Interchangeable. Intermountable. You can Microdot Inc., 220 Pasadena Avenue, South
use them with old and new equipment alike. Pasadena, California 91030.

Our new shell comes in all the standard pin MICRODOT INC.

The new
shell game.




Spectrum Analyzers (plug-in) 18

Frequency Voltage Sensitivity Sweep Type
Input C-Cab. Price
Minimum | Maximum | Accuracy Minimum | Maximum |Accuracy |Width |Rate [Impedance Misc. R-Rack | Approx
Manufacturer | Model Hz MHz % dBm(uV) \ mV % kHz Hz kQ Features P-Port. S
N. Ross PSA-016 |0.5 0.002 5 n/a n/a 2/cm 1dB 0.01- |10-120{1000 ab Plug-in | 950
0.6
N. Ross PSA-026 |0.5 0.002 5 n/a n/a 2/em 1dB 0.01- ]10-120{1000 ac Plug=in | 1100
0.6
N. Ross PSA-036 (0.5 0.002 5 n/a n/a 2/cm 1d8 0.01- |10-120{1000 ad Plug=in | 1100
0.6 i
N. Ross PSA-011 |10 0.02 10 n/a n/a 85uV/cm |1dB 0.1-6 |10-50 [1000 ab Plug-in | 650
A11| N.Ross PSA-021 |10 0.02 10 (10) n/a 85uV/cm |1 dB 0.1-6 |10-50 [1000 ac Plug=in | 800
N. Ross PSA-031 (10 0.02 10 (10) n/a 85uV/cm |1dB 0.1-6 |10-50 |1000 Plug=in | 800
N. Ross PSA-032 |35 0.1 10 (10) n/a 85uV/cm |1dB 0.5-30 |10-50 |1000 ad Plug=in | 800
N. Ross PSA-022 |35 0.1 10 (10) n/a 85uV/cm [1dB 0.5-30 |10-50 {1000 ac Plug=in | 800
N. Ross PSA-012 |35 0.1 10 (10) n/a 85uV/cm |1dB 0.5-30 [10-50 [1000 ab Plug=in | 650
N. Ross PSA-013 |150 0.5 10 (10) n/a 85uV/cm |1 dB 2.5-1505-50 |1000 ab Plug=in | 650
N. Ross PSA-023 [150 0.5 10 (10) n/a 85uV/cm |1 dB 2.5-1505-50 |1000 ac Plug-in | 800
N. Ross PSA-033 |[150 0.5 10 (10) n/a 85uV/cm |1dB 2.5-15015-50 [1000 ad Plug=in | 800
Tektronix IL5 10 1 +15 (5) 2/cm 10pV/em |3 10Hz- |[ina 0.05 klm Plug-in | 1025
TMHz
Tektronix 3L5 50 1 5 (5) 2/cm 0.01/cm |3 0.01- [ina ina lq Plug=in | 1125
100
A12| N.Ross PSA-014 [1000 2 10 (10) n/a 85uV/cm |1 dB 10-600 |[5-50 |1000 ab Plug=in | 850
N. Ross PSA-024 |1000 2 10 (10) n/a 85uV/cm |1 dB 10-600 |5-50 [1000 ac Plug=in | 1000
N. Ross PSA-034 |1000 2 10 (10) n/a 85uV/cm |1 dB 10-600 |[5-50 |1000 ad Plug-in 1000
N. Ross PSA-205 | 1000 25 5 -90 n/a n/a 1dB 0- 5-20/5 [0.05,0.075 | ab Plug-in 1400
25,000
N. Ross PSA-235 |1000 25 5 -90 n/a n/a 1dB 0~ 5-20/s [0.05, 0.075 Plug=in | 1500
25,000
N. Ross PSA-225 |1000 25 5 -90 n/a n/a 1dB 0- 5-20/s b. 05,0.075 | ac Plug=-in 1500
25,000
N. Ross PSA-235 |1000 25 5 -90 n/a n/a 1dB 0- 5-20/s |0.05,0.075 | od Plug=in 1500
25,000
Tektronix IL10 1 MHz 36 +100kHz | =100 n/a n/a 3 ina ina 0.05,0.6 mn Plug-in 1175
N. Ross PSA-201 |600,000 | 108 5 -106 n/a n/a 1d8 0-100 |10- [0.05 ab Plug=in | 1600
50/s
N. Ross PSA-221 (600,000 | 108 5 -106 n/a n/a 1dB 0-100 |10~ 0.05 ac Plug=in | 2060
50/s
Al3 N. Ross PSA-231 600,000 | 108 5 -106 n/a n/a 1dB 0-100 |10- 0.05 ad Plug=in 1700
50/s
HP 8553L/ |1000 110 ] MHz -130(10.07) |0.8 0.07uV  [£0.5dB |0~ Ims- ]0.05 aij C,R 4725
8552A 100, 000 |100s
N. Ross PSA-311 |1 MHz 300 5 -90 n/a n/a +2 dB 0-300 1-30/s [0.05 ab Plug=in 1300
MHz
N. Ross PSA-321 |1 MHz 300 5 -90 n/a n/a +2 dB 0-300 |[1-30/s [0.05 ac Plug=in | 1400
MHz
N. Ross PSA-331 |1 MHz 300 5 -90 n/a n/a 2 dB 0- 1-30/s |0.05 ad Plug=in 1400
r 300,000
N. Ross CATV 1 MHz 300 +5 -90 n/a 0. 006 2 dB 0- 1-30 [0.075 Plug=in | 1500
300,000
HP 8554L/ 500,000 | 1250 +10 MHz | -117(0.5) |0.8 0.5pv 1 dB 0-1250 |Ims- [0.05 agh C.R 6075
8552A MHz 100s
Tektronix 1L20 10 MHz | 4200 =2MHz -110 n/a n/a ina 1-10 ina 0.05 mno Plug=in | 1950
MHz
N. Ross PSA-511 |10 MHz |4500 & -90 n/a 0.006 3 dB 0-1GHz |[1-60 0.05 bf Plug=in | 1900
N. Ross PSA-531 |10 MHz |4500 5 -90 n/a 0.006 3 dB 0-1 GHz |1-60 [0.05 df Plug=in | 2000
Tektronix 1L30 925 MHz | 10,500 |2 MHz -110 n/a n/a ina 1-10 ina 0.05 mno Plug=in | 1950
Al4 MHz
N. Ross PSA-530A|10 MHz | 15,000 |£5 MHz =95 n/a 0.004 +1 dB 0-1GHz [1-60 [0.05 de Plug=in 1350
N. Ross PSA-510A|10 MHz | 15,000 [|£5 MHz =95 n/a 0.004 1 dB 0-1GHz [1-60 0.05 be Plug-in 1250
Tektronix 3L10 1 MHz 36,000 |£100 kHz | -100 n/a n/a ina ina ina 0.05,0.6 nq Plug-in | 1275
Tektronix 1L40 1500 40,000 [£2 MHz -110 n/a n/a ina 1-10 ina 0. 05 mnp Plug-in | 2150
MHz
a. Sweeps/secand. i. 8553L is rf section, 8552A is i-f section. These tion - varies from =90 to -50 dBm depending on
b. Plug=in fits Tektronix letter series oscilloscopes. fit into 140S, 1415 and 143S oscilloscopes. frequency.
c. Plug-in fits Tektronix 560 series oscilloscopes. j- Sensitivity at 100 Hz BW. p. Sensitivity, 1 kHz resolution -varies from =110 to
d. Plug=in fits Hewlett-Packard 140A/141A k. Accuracy from 10-990 kHz, £10%, 50-9900 Hz. -70 dBm depending on frequency; 10Q kHz resolu-
oscilloscope. . Voltage accuracy from ImV/cm-2V/cm, 6%, tion - varies from -90 to -70 dBm depending on
e. On fundamental low range (sensitivity). 10-500pV/cm. frequency. Waveguide mixer and adapter required
f. Sensitivity to 1.5 GHz. m. Fits 530, 540, 550 or 580 series oscilloscopes. beyond 12.4 GHz.
g. 8554L is rf section, 8552A is i-f section. These n. Frequency accuracy +1% of dial reading. q. Fits 561B and 564B oscilloscopes.
fit into 140S, 141S and 143S oscilloscopes. o. Sensitivity, 1 kHz resolution, varies from =110 to
h. Sensitivity ot 300 Hz BW. -90 dBm depending on frequency; 100 kHz resolu-

Manufacturers and model numbers, see page D57.
D54 ELECTRONIC DESIGN 24, November 22, 1969



MEET ANEW GENERATION OF
KEITHLEY ELEGTROMETERS

they remain stable to better than 1mv per 24 hrs.

measure microvolts, millivolts,
volts from any source resistance

detect currents from milliamps to femtoamps
provide a selectable choice of input resistances
furnish a recorder or scope output

measure resistance on linear scales
from ohms to teraohms

integrate current

employ all solid state circuitry

Measure mos fets
or ordinary tran-
sistor and diode
parameters. Detect
capacitor leakage.
Make in-circuit

powered and only
$695. Both offer
stabilities better
than 1 millivolt per
24 hours.

So why make-do

tests. Keithley solid All New, Line Operated ~ with an ordinary

state multimeters
handle these and
other tough-to-make measure-
ments better and easier than any
other dc multimeter ever made.

One easy-to-use Keithley elec-
trometer allows fast, accurate
measurements in lab, production
and quality control. One like our
line-operated 610C that makes
more dc measurements over
broader ranges than any
other multimeter. For only
$615. Or one like our
602 model. It's battery-

DC Laboratory

voltmeter when
you can do more
with a Keithley electrometer? Call
your experienced Keithley Sales
Engineer for demonstrations. Ask
for technical information on the
610C, 602 and other Keithley elec-
trometers, too.

Or, contact us direct. Keithley
Instruments, Inc., 28775 Aurora
Road, Cleveland, Ohio 44139.
Europe: 14 Ave. Villardin,
1009 Pully, Suisse. Prices
slightly higher outside the
U.S.A. and Canada.

KEI'NEE. B Y
INFORMATION RETRIEVAL NUMBER 623
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Index by Model Number (Oscilloscopes)

Name

Allied
Allied Radio
Corp.

Aul
Aul Inc.

Binary
Binary Elec-
tronics

Data
Data Inst. Div.

Dumont
Dumont Oscil-

loscope Corp.74-13A

Gen-Atro
General Atron-
ics Corp.

Heath
Heath Co.

Hickok
Hickok Elect.
Inst. Co,

HP

Hewlett Pack-
ard Co.

D56

Model Code
KG-635 S7
055 S6
5Mc2P S6
1X1 S27
1X2 S30
1X2 S27
1X6 S27
il | S20
1Y2 S23
1Y 7 S19
536A S5
539 S5
553 S7
555 S7
556A S5O
557A S6
572 S4
1700 S15
74-03A S26
74-12 S18
S29
74-14 S28
74-15 S18
74-17A S29
74-19 S19
76-01A S20
76-02A S23
76-08 S23
79-02A S24
95-71 s23
701B S3
702 S4
704A S3
708A S2
757 S15
765MH S5
765MHE S16
766H S15
766HF S16
767H S15
767HF S16
VAL 815
777/105 S16
957 S16
1050 S8
AM-3245/USM-157 S19
AN /USM-157 S13
DT-106 S22
DT-415 S22
GA-415 813
K-106 S13
ST-106 S19
10-10 S2
10-17 S6
10-18 S6
10-21 S2
CR0O5000 S8
770A S5
120B S2
122A S1
130C S2
132A S3
140A S14
140B S14
141A S14
141B S14
143A S14
180A S16
181A S16

Model

183A
1200
1201
1202
1205A
1206
1207
1400B
1401A
1402A
1403A
1404A
1405A
1406A
1407A
1408A

Name

1410A/1424A
1410A/1425A
1411A/1430A/
1424A/1431A
1411A/1432A/

1424A

1411A/1432A/

1425A
1420A
1421A
1421A
1422A
1423A

1430A/1431A/
1411A/1425A

1801A
1802A
1803A
1804A

1815A/1816A
1815A/1817A

1820A
1820B
1821A
1821A
1822A
1822A
1830A
1840A

S$S-112
§8-212

Iwatsu

lwatsu

E-H Research
Labs

Jackson CRO-3
Jackson Elect.

Inst. Co.

MCD
Measurement MK11
Control S-11A
Devices 100
300
349
1531

3000

MK1

Mercury
Mercury Elec-
tronics Corp.

Millen 90923
James Millen 90925
Mfg. Co. Inc.90954

Philips PM3200
Philips PM3230
Electronics PM3231
PM3250
RCA WO0-33A
Radio Corp. of
America
Sencore PS148

5009B/V-9B
5009B/V-9F/H-9W
5009B/V-98/H-9Y

Code

S12

S11

S26

S11
S12
S11

S6

S7

Model

Simpson 458
Simpson Elec- 466
tric Co,

Name

Spedcor
Spedcor Elec-
tronics

1100/100
1100/200
1100/300
1100/600
1100/700
1120/100
1120/200
1120/300
1120/600
1120/700

Tektronix G
Tektronix Inc. R5030
T

W

1A1

1A2

1A4

1A5

1A6

1A7A

181

152

| 2A60 .
2A63

} 2B67

‘ 3A3

} 3A5
3A6

, 3A7

l 3A9

\

1

3A72
3A74
3A75
3B3

3B4

3B5

7A11
7A12
7A13
7A16
7A22
7B11
7B50
7B51

7B70

7811/7T11/81/
7504

10A1

10A2A

11B1

11B2A

536
543B
544
545B
546
547
549
551

Code

S6
S1

S14
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Name Model Code
556 S15
561B S13
561B/3S2/3T2/S-1 S10
561B/3S2/3T2/S-2 S11
561B/3S2/3T2/S-4 S12
561B/3S2/37T2/S-5 S10
564B S13
564B/3S2/3T2/S-1 S10
564B/3S2/3T2/S-2 S11
564B/3S2/3T2/S-4 S12
564B/3S2/3T2/S-5 S10

565 S13
568/355/3T5/230/

S-1 S10
568/385/315/230/

S-2 S11
568/3S5/3T5/230/

S-4 S12

568/385/3T5/230/
S-5 S10

581A S16

585A S16

647A S17

7504 S16

7704 Si17
Waterman OCA-11A Sk
Waterman OCA-11B S1
Inst. Corp. OCA-12A S1
Xetex OS15A S5
Xetex Marconi OS25A S6

Inst. 0S2000 S14

0S2001 S20

0S2002Y S22

0S2003X S26

0S2005X S26
0S2100 S8

Index by Model Number

Spectrum Analyzers

plug-in
Name Model Code
HP 8553L/8552A Al3
Hewlett-Pack- 8554L/8552A Al4
ard Co.

N. Ross CATV Al3
Polarad/Nel- PSA-011 All
son Ross PSA-012 All
PSA-013 All

PSA-014 Al12

PSA-016 All

PSA-021 All

PSA-022 All

PSA-023 Al12

PSA-024 Al2

PSA-026 All

PSA-031 All

PSA-032 All

PSA-033 Al2

PSA-034 Al2

PSA-036 All

PSA-201 Al3

PSA-205 Al2

PSA-221 Al3

PSA-225 Al2

PSA-231 Al3

PSA-235 Al12

PSA-311 Al3

PSA-321 Al13

PSA-331 Al3

PSA-510A Al4

PSA-511 Al4

PSA-530A Al4

PSA-531 Al4

Tektronix IS Al2
Tektronix Inc. IL10 Al3
1L20 Al4

IL30 Al4

1L40 Al4

S5 Al2

3L10 Al4

ELECTRONIC DESIGN 24, November 22,
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dc
- voltage
- standards
THE FACTS ARE

IN THE
CARDS

GOOD
Model 351 0.003% Accuracy

BETTER

Model 353 0.002% Accuracy

BEST

Model 355 0.001% Accuracy

COHU MEETS THE TEST

We could have said, “COHU BEATS THE REST,”
but the technically knowledgeable engineer will see
the 0.001% of the Model 355 and ask “WHY
STATE THE OBVIOUS?"”

‘900 ®
- .

L |

So, to get the DC Voltage Standard YOU need, it's
obvious:

ASK COHU FOR IT

ELECTRONICS ., INC

BOX 623, SAN DIEGO, CALIFORNIA 92112 + PHONE 714-277-6700 + TWX 910.3351244

INFORMATION RETRIEVAL NUMBER 625
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Spectrum Analyzers

19

Frequency Voltage Sensitivity Sweep Type
Input C-Cab. Price
Minimum | Maximum| Accuracy Minimum | Maximum| Accuracy Impedance Misc. R-Rack | Approx
Manufacturer Model Hz MHz % dBm(uV) v mV % Width | Rate kQ Features P-Port. S
Quan-Tech 304 1 0.005 +0. 05 n/a 100 0.03 +5 50Hz=5 | r 100 kq C,R 2700
Probescope $S-5 1 0.0053 |2 ina 500 0.5 +1dB 0.02- | 1-30 | 1000 C,R 2750
0.6
Fed-Sci UA-7/4A | 0.032 0.008 +0.2 n/a 100 2 =1 dB to 8 25ms | 50 C,R 40,000
Spectral SD301 0.03 0.01 1/2 n/a 10 - 100 1dB 10 20 100 R 17, 500
Spectran 100-1.3 |3 0.015 ina (250) n/a n/a n/a 0.1 20 0.05 C;R 12,800
Al
Spectran 480-3.6 |8 0.016 ina (250) n/a n/a n/a 1.44 40 0.05 C, R 18,700
Fed-Sci UA-9 0.01 0.02 0.02 n/a 100 2 £1 dB 20 50ms | 100 C,R 30,000
Spectral SD301-1 [0.03 0.02 1/2 n/a 10 100 1dB 20 40 100 R 18,750
B&K 2107-A |20 0.02 +0.3 dB n/a 1000 0.01 2 6-29% |n/a 0.0022 C, R 1680
Probescope $5-20 6 0.023 2 ina 500 0.5 =1 dB 0.04-6 |2 250 C,R 1875
Probescope SS-20L |20 0.023 2 50 500 0.5 £] dB 0.1-6 |2 250 b C,R 2100
Singer SY-1 5 0.025 1 n/a 500 0:5 10 20Hz=5|1¢cd | 250 CAR 5800
Singer SY-3 3 0.025 1 n/a 500 0.5 10 50Hz-50.1, 1] ina b C,R 3400
Singer SY-4 5 0.025 1 n/a 500 055 10 0.2,1,5 (0.1, 1] ina e (i 4000
Singer SY-5 20 0.025 1 n/a 500 0.5 10 02,3, 5 )1 ina b CaR 3200
A2
Singer LP-1aZM| 20 0.025 1 n/a 500 0.5 10% 0:2,1,5° 11 250 e C, R 2500
Quan-Tech 2156 10 0.03 +5 n/a 100pV 300V %5 fs n/a n/a 100, q c 2375
fs 0.001
Mvuirhead K-134-A |3 0.0316 +0.5 0-110dB | 300 1 +1 dB ina n/a 100 (0 1055
Singer MF-5/ |20 0.035 1£50Hz (30 fs) 300 3 10 032,00 100 C,R 3000
AL-2 5,20
Fed-Sci UA-6A | 0.002 0.04 0.2 n/a 30 2 £] dB 10Hz- |50ms | 100 C, R 19, 000
40
Tracor 814A 0.1 0.04 2 n/a 10 0.3 10 n/a n/a 100 R 2600
B&K 2112-A |