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Computer-aided packaging
progresses at various levels

New D/A approach leads to
inexpensive converters
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Network analyzer uses calculator
for control and data analysis
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Low-cost SVP devices can save yor valuable

equipment from destruction by voltage transients.

You can no longer overlook the
need for protecting your circuits.
New sources of transients are
cropping up every day. And any one
of them might cause operational
failure of your equipment.

Now there is an easy low-cost
way to protect your circuitry from
these transients. It's a simple little

gas-filled surge voltage protector.
We call it an SVP. Only this Siemens
SVP offers high-current capability
(up to 50 kiloamps) in such a small
package and a high impedance
when not conducting (10*° ohms,
1t06.8 pF depending on model).
Siemens is the world’s largest
manufacturer of surge voltage
CHECK NO. 1

protectors. More engineers are

using them every day. You can

benefit by doing the same.
Siemens Corporation, 186 Wood

Avenue South, Iselin, N.J., 08830.

(201) 494—1000.

Siemens. A three §

billion dollar name

inquality products. SIEMENS




MAGNECRAFT’S NEW CLASS 388
CSENERAL —URPOSE RELAY

Magnecraft is pleased to introduce the new Class
388 General Purpose Relay. This inexpensive,
high performance line of stock relays offers many
quality features found only in custom built ver-
sions. Available in either a covered plug-in or
open style with a wide choice of AC or DC coil
voltages and SPDT, DPDT, or 3PDT 10 amp
contacts.

All Class 388 relays have 3-way pierced terminals.
While spaced for standard plug-in mounting, the
flat terminals (0.187”” x 0.020”) also accept quick-
connect receptacles or direct soldering. For plug-in
use, three types of chassis mounted sockets are
available; quick-connect, solder, or printed circuit
terminals. Covered plug-in version has a tough
clear polycarbonate plastic cover.

In a highly competitive business, delivery can be
a deciding factor. If delivery is important to you,
be aware that Magnecraft ships better than 90%
of all incoming orders for stock relays, received
before noon, THE SAME DAY (substantiated by
an independent auditing firm). In addition to our
shipping record, most stock items are available
off-the-shelf from our local distributor.

DESIGNER'S
CATALOG

The purpose of this 36-page catalog is to assist
the design engineer in specifying the proper relay
for a given application. The book completely de-
scribes General Purpose, Sensitive General Pur-
pose, and Mechanical Power Relays. New
products include the complete line of Class 388
General Purpose Relays.

Magnecraft‘i‘eu_scm-c COMPANY

5575 NORTH LYNCH AVENUE « CHICAGO, ILLINOIS 60630 » 312 » 282-5500 « TWX-910-221 5221
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to build a better

VHF/UHF FET mixer:
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Try our U310 junction FET in this balanced
mixer and make your own performance com-
parison. Our results are below. The inherent

square-law transfer characteristic of the FET en-
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How do you select an optimum JFET

for a mixer? Low gate capacitance is needed
for wide bandwidth — the Siliconix U310
typically has Cg = 4.5 pF and C = 1.9 pF.

sures high intermodulation intercept and signal
desensitization. The grounded-gate connection
is most stable, while source injection of both the
signal and local oscillator make easy impedance
matching into the FETs. Also, the balanced con-
figuration reduces l.0. radiation from the signal
port and suppresses the generation of even har-

Useful conversion gain comes from high
transconductance. Our U310 has typical

g s = 14,000 pmhos. Dynamic range is
bracketed by the lowest drain current for

an acceptable noise figure and the maximum
drain current — typically Ipss = 40 mA

monics (which helps reduce intermodulation).

for the U310. For an optimum balance,
matched pairs are available.

50-250 MHz Mixer Performance Comparison

Characteristic JFET Schottky Bipolar
Intermodulation Intercept Point +32dBm +28 dBm +12 dBmf
Dynamic Range 100 dB 100 dB 80 dBT
Desensitization Level (the level for an +8.5 dBm +3dBm +1 dBmt
unwanted signal when the desired signal

first experiences compression)

Conversion Gain +3 dB* —6dB +18 dB
Single-sideband Noise Figure 6.5 dB 6.5dB 6.0 dB

t Estimated * Conservative minimum

There’s a lot more to this, so

write for data

and get the complete story on VHF /UHF mixing and the Siliconix U310.
Applications Engineering: (408) 246-8905

Siliconix incorporated
2201 Laurelwood Road, Santa Clara, California 95054
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KEEP THEM COOLER
with a System that helps you

beat the system. ..
Low cost. Easily assembled.

Varipak® Il. The modular printed circuit card
enclosure system. Elco's trick to help you beat
problems caused by high density card pack-
aging. Like space limitations. Component over-
heating. And overall systems design.

Use Varipak Il to pack up to 82 cards and con-
nectors in a row. Even with cards this tight,
we've made sure you'll get plenty of air flow
between them. To keep components cooler,
working longer. For convenience, we mount con-
nectors on the back panel. Makes it easy to cross
wire and check out. And Varipak's modular
construction lets you design around your needs.
Not the limitations of your enclosure. So even
special packaging adaptations require little or
no tooling costs.

The Varipak Il system is available in 32 stan-
dard models. In an almost infinite variety of
configurations. You'll find it useful in large logic
storage cabinets, as pull-out computer drawers,
and even as the framework for small instrument
panels. Construction is rugged aluminum. And
the system will take all the hard knocks you can
give it. While protecting delicate components
inside. Where can you get it? From any author-
ized Elco distributor. He'll put it together for
you. To put you ahead of the system. And
keep you there. Another service in keeping
with CONNECTRONICS, Elco’s Total Connector
Capability.
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PACK YOUR CARDS TIGHTER. .. * A

ECTOR MOUNTING PANEL

GUIDE PLATE

PRINTED CIRCUIT
CARD GUIDE
CONNECTOR g

MOUNTING
STRAP

MOUNTING

FRONT PANEL
HANGAR

FRONT PANEL LOCK

For full details on the Varipak Il system from
Elco, contact your local Elco representative or
distributor, or:

Elco, Willow Grove Division T
Willow Grove, Pa. 19090
(215) 659-7000 ELLCO

Elco, Pacific Division
2200 Park Place

El Segundo, Calif. 90245
(213) 675-3311

Operations in USA, Australia, Beigium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world.
pe, Elco Belge, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2-10-2 Nagata-cho,

In Europe,
Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5,
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If you don't want hybrids.
Can't afford high gear-up costs.
And need the reliability of discretes.

Have we got something for you.

CORDIP™ component networks. An entirely new class
of low cost, reliable, dual-in-line component networks
that give you a flexible new design option.

CORDIP component networks consist of pre-packaged
discrete components—resistors, capacitors and diodes
and can be designed to meet your circuit needs. You get
all the benefits of discretes : reliability, tight tolerances,
and the ability to adjust value and tolerance from
order to order.

They save money over discretes because there’s less
handling. The whole idea is very simple. If you can put a
lot of parts in at one time instead of part by part,
you’re bound to save time and money.

\ 7
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And you save space. CORDIP networks cut assembly
errors and assembly costs. Simplify wiring, and there
are fewer parts to order and Keep track of.

Unlike hybrids, they’re economical in low volume.
Standard pull-ups and in-outs for as low as 76¢ in 1000
piece lots. Custom resistor-capacitor-diode networks
are economical too. Try us and see.

For full technical information on CORDIP component
networks, check your EEM catalog. Or write the
Electronics Products Division of Corning Glass Works,
Corning, N.Y. 14830 for our technical brochure. Or call
Corning’s new INFO LINE service at (607) 962-4444,

Ext. 8598. CORNING

ETRE SCOTRME R N TGS
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The hewlett-Packard Model 3042
Automatic Network Analyzer offers the
capability of a computer controlled
system at a price approaching that of a
manual system. The secret? It operates
under programmable calculator con-
trol. For details, see page 66.
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Everybody wants your
components business.

But were doing
6 things to earn it.

Better components. From

ER through industrial, from

precision through general
purpose —we give you documented
reliability. You'll find our metal film
resistors outperform other metal
films (including glazed), wire-
wounds and carbon comps. And our
Glass-K" capacitors outdistance
monolithic ceramic capacitors
on all counts.

Better prices. And this

extra reliability costs you no

more. The fact that we've be-
come the country’s largest supplier
of metal film resistors says clearly
that we're more than just
competitive.

Better delivery. Our dis-

tributors can give you off-

the-shelf delivery from an
inventory of over 50,000,000

components. And you'll find our
“ball parks” are the most accurate
and dependable in the industry.
You benefit in reduced expediting
and inventory costs.

Better QC. Enough better

so that many of our custom-

ers find they can totally
eliminate incoming QC testing of
our parts. Couple this with our
unique product configurations that
cut component insertion costs and
you'll find it costs you less to do
business with Corning even when
our per unit price is the same.

Better new products. Our

CORDIP” Component Net-

works let you replace most
of the outboard discretes you can’t
design into an IC. With a pretested,
dual-in-line package of up to 23
discrete resistors/capacitors/diodes.

Our FAIL-SAFE"flame proof
resistors give you an economical
replacement for non-inductive and
semi-precision power wirewounds.
But ours open —never short —
under overload.

Better support. We've built

the largest technically-

trained field force in the
industry. And have contracted
with the 30 most competent and
service-oriented distributors in the
country to give you in-depth
assistance whether your needs are
big or small.

Just let us prove it. Write
for full details to: Corning Glass
Works, Electronic Products Divi-
sion, Corning New York 14830.

Or call: (607) 962-4444. Ext. 8381

CORNING
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Resistors & Capacitors

for guys who cant stand failures
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Leader in
Memory Technology
For over a Decade

REGIONAL

GRUSADE

Announcing the new

othIES

the standard
high performance

core memory stacks
from FABRI-TEK.

The best memory systems start with the best stacks. That's why it's so
important Fabri-Tek be there at the beginning . . . with Crusader Core memory
stacks. The stacks that exemplify the state of the art in memory technology.

Fabri-Tek offers five distinct models within the Crusader Series. Five standard
stack designs with the flexibility and assembly ease so necessary for volume
production of memory systems.

Crusader Core Model 101. Planar, 3-D, 3-wire stack design construction with
a capacity of 147,456 bits of storage (8K by 18 bits). High speed. Typical cycle
times of 650 nanoseconds for Read /Write.

Crusader Core Model 202. Stack design in planar, 3-D, 3-wire construction.
Storage capacity is 73,728 bits (4K by 18 bits). Typical cycle time is 650
nanoseconds for Read /Write.

Crusader Core Model 303. Single-sided, 3-D, 3-wire planar design. Storage
capacity to 131,072 bits (8K by 16 bits). High speed operation. Typical cycle
time, 650 nanoseconds for Read /Write.

Crusader Core Model 404. Compact, folded planar construction in 3-D, 3-wire
configuration. Storage capacity is 147,456 bits (8K by 18 bits). Cycle time is
typically 650 nanoseconds for Read /Write.

Crusader Core Model R2016. Ruggedized, stack frame, double-sided construction
in 3-D, 3-wire or 4-wire. Designed to withstand harsh environments of
temperature, vibration, shock and humidity. Storage capacity is 16K, 8K, 4K,

2K by 1to 80 bits.

For complete performance data on the new series of Crusader Core memory
stacks, see your Fabri-Tek Salesman, or contact: Fabri-Tek Inc., 5901 South
County Road 18, Minneapolis, Minnesota 55436. Phone 612/935-8811

TWX 910-576-2913.

50 FABRISTEK e

New Jersey Phoenix Long Beach

Boston Chicago
OFFICES:  (617) 969-5077 (312) 437-4116 (201) 263-2330 (602) 266-4448 (213) 420-2493

CHECK NO. 7
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EDITORIAL

Of cabbages and kings

In lieu of our usual editorial, we offer herewith a collection of opinions,
gripes and just plain thoughts we’ve had lately concerning engineers
and the electronics industry:

*We wish everyone would agree on a name for the optical coupler;
or is it photo isolator, or photo coupler? The myriad of names used by
different manufacturers is not only confusing, but is probably impeding
the use of this worthwhile component.

*That old adage about bad times being the right time to get the edge
on your competitors has proven right again. Those companies that
maintained a respectable R & D program throughout the recent reces-
sion have been introducing exciting new products this year at a rapid
rate. Those who eliminated development programs as a cost-saving
measure are now going as fast as they can to make up for lost time. But
significant new products cannot be turned out overnight. And every
passing month is a month lost to the competition.

°In a couple of weeks, campaigning for November’s election will
really begin in earnest. We'd sure like to see engineers everywhere ac-
tively campaign for and support the candidate of their choice. Not only
would it help put to rest the stereotype image of the disinterested, in-
trospective engineer, but it would show the young voters, many of
whom view science and technology with skepticism, that engineers do
care how technology is used.

*We heard of a “name’” manufacturer who began receiving numerous
customer complaints about lack of sensitivity in a certain model ste-
reo receiver. Upon checking, the manufacturer found that the unit, as
designed, did indeed fall well short of its specified sensitivity. The solu-
tion? A directive from the marketing department to distribute existing
stock only to outlets in large metropolitan areas — where lack of sensitiv-
ity supposedly is marked by nearness to transmission facilities. Clever?
We don't think so.

eEveryone is familiar with that classic poster showing the rather
dumb-looking grad who is saying, ““Yesterday | couldn’t even spell inju-
neer and today | are one.” We'd like to go on record as saying that such
a depiction is completely atypical. The overwhelming proportion of the
material and correspondence we receive from our engineer readers is
highly readable and exhibits good grammar, syntax and spelling. An
occasional few do fall short of this quality. But after all, nobody — not
even edittors am perfect.

Fand G

Editor



Finally!

A filter so precise,
filter characteristics
for every setting
are printed

We've built a variable electronic filter
that’'s so precise, it has enabled us to print
the cutoff frequencies, center frequency, bandwidth,
noise bandwidth and filter gain,
for every setting, on top of the instrument.
Besides being the easiest-to-use filters on the market,
our 4200 series filters are twice as accurate,
have less than half the self-noise,
and provide 10 dB greater outband rejection than
any other filters. Frequency coverage is
.01 Hz to 1 MHz. Built-in selectable post-filter
gain and remote preamplifiers are optional.

A Butterworth response is used in the NORMAL
mode and a Bessel response in the PULSE mode
(transient response is superior to conventional
“RC’” or “Low Q" modes of other filters).

The price? $695.

For complete specifications and
your free copies of our variable electronic filter
application notes, write to: Ithaco, Inc.,
Box 818-7R, Ithaca, New York 14850.
For immediate response, call Don Chandler at
607-272-7640 or TWX 510-255-9307.

ITHACO

CHECK NO. 8
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New from Helipot: the lowest
trimmer profile in the business.

SHOWN ACTUAL SIZE

You can’t do better than our
Series 82 Trimmers for small
size and low cost...and, of
course, Helipot dependability.
These Y%, single-turn,
general-purpose cermet
models have the lowest
profile in the industry with

a proven cermet resistance
element that can be set to
any voltage ratio within
0.05% of full scale. Sealed
metal housings, solid stops,
and essentially infinite
resolution. They'll save

you space—they’ll save you
money. (Our prices start at
$1.40 list.) Two good reasons
to write for specs and prices
today.

==Y laa =188 INSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Blvd., Fullerton, Calif. 92634

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE
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Subsystems: highly complex func-
tions on a single chip.That’s where
it’s happening in linear today.
Where Fairchild is. In op amps,
voltage regulators and interface.

Look at the facts. In the last

6 months alone 5 new Fairchild
monolithic linear subsystems were
introduced and are now in volume
production.

New 791 High power op amp
Our latest monolithic op amp
subsystem has 1 amp output at
=+12 volts and automatic circuit
protection. Everything is on one
chip, so installation’s easier.
Fewer external connections,
testing’s easier, less external
electronics. Naturally, system costs
go down, system reliability goes
up. Internally protected against
short circuits, power and thermal
overloads. 100-piece price: $12.50.

750 Dual comparator

776 Programmable op amp

This subsystem is the closest thing
to a universal op amp yet devised.
Already an industry standard,
it’s a high quality device that,
with the addition of a simple
external resistor, can be tailored
for optimum performance over an
enormous span of applications.
The wide range of programmable
characteristics make it one of the
most versatile and useful op
amps to appear in years.
Applications range from a
nanowatt amplifier to a
high-accuracy sample and hold
amplifier. 100-piece price: $3.00.

7800 3-terminal voltage regulator
Seven members (5V, 6V, 8V,

12V, 15V, 18V, 24V) compose this
family — the first with complete
voltage regulation on one chip. The
first high quality, sophisticated,
versatile, yet simple way of solving
VR design problems. At a price

so low they can be inventoried in

FAIRCHILD 750 DUAL COMPARATOR VS. NEXT BEST WAY.

STROBE A
o)

STROBE A

o
STROBE B

o)
STROBE B

quantity, for use as
required. Complete
and self-contained in
one TO-220 or TO-3
package. And fully
self-protected: inter-
nal current limiting,
thermal shut-down,
safe area compensa-
tion protect device
from current, power,
temperature fluctua-
tions. Typical 100-
piece price: $1.75.

O OUTPUT A

O CLAMP A
O SUPPLY

O OUTPUT B
O CLAMP B

The world’s first monolithic
comparator subsystem. Eliminates
up to 17 discrete components
other comparators require for
equivalent function and drive
capability. A totally-self-contained
subsystem consisting of two high-
output current, independent
comparators on a single chip.
Eliminates the external
components, board space, and
virtually all the engineering
calculations necessary to make
other comparators function
reliably and safely in complex
control applications.

100-piece price: $5.95.

9616 EIA line driver (& 9617
receiver)

Our 9616 triple line driver
subsystem has both internal
inhibit and slew rate control.
And it’s all on one chip. Our
9617 EIA triple line receiver
completes the set. They meet all
EIA RS-232-C specs. And more.

Together, they provide the
simplest low-cost solution to
problems at the interface in data
terminal equipment and data
communications. 100-piece price is
$4.50 for the 9616; and $3.50

for the 9617.

COMPARISON OF EIA DRIVERS.

CONVENTIONAL

FAIRCHILD 9616
DATA 1 e 7™,

DATA 2l )

INHIBIT

Conventional EIA Driver (1)
requires external slew rate control
capacitor (2) and external gating
for inhibit function (3). 9616 EIA
Driver requires neither.

93 Linear products in all

Can any other linear-maker make

that claim? No way. Whatever

your linear needs, the answers

are MADE IN FAIRCHILD.

- Industrial controls: 1-Amp op
amp; high current comparator,
AC control.

- Op amps: general purpose; low
input current; high speed; low
drift.

- Voltage regulators: general pur-
pose; high current; high and low
voltage.

- Interface: drivers/receivers;
comparators; D/A conversion;
memory.

- Consumer: TV systems; entertain-
ment systems; communications.

- Custom: automotive; consumer;
military.

Check us or your friendly Fairchild

distributor for products and

literature.

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX: 910-379-6435
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You might well assume that a very small (19.7 cubic
inches) and very inexpensive ($95 in 100’s) DPM would soon
fall prey to some dread disease. Like heat prostration, or
severe Irregularity. Even cardiac arrest.

We worried about reliability beginning in the de-
sign phase. For example we reduced the number of compo-
nents in this AN2532 self-powered meter, which cut down
the power requirement and the heat dissipation and did
wonders for MTBF. Weisolated the analog return from the
digital return with true differential inputs. We made the
converter immune to line transients. We did a lot of other
things to design reliability into it.

Then came vibration tests, 3-day burn-ins, baking,
and computer-controlled testing of every performance
specification. We did these things because we are pretty
sure you care more about reliability than the latest develop-
ment in the DPM size-price war.

Sample specifications of the AN2532 line-powered meter
Accuracy 0.05%

Stability 50ppm/°C

Bipolar, floating differential inputs

Input impedance 1000 megohms min.

Power requirement 3.5 watts

BCD output standard

Separate analog and digital grounds

Dimensions: 2"h x 3.5"w x 2.8"d (mounting surfaces)

There’s a lot more to it, of course, and other meters
to choose from. So send for complete specifications and our
helpful 28-page booklet explaining the theory, operation,
and applications of DPM’s in general. Very little hard sell.
Analogic Corp., Wakefield, Mass. 01880, (617) 246-0300,
manufacturers of the largest line of DPM’s in the world.

ANALOGIC =m

Mid Atlantic Midwest South West

201652-7055 3148370597 312-283-0713  713-7850581 205539-1771  303-744-3301
212-9470379 2162670445 9133620919 817-2683505 9198346591 505-523-0601
215272-1444 5134347500 412-892-2953  305423-7615 602-9464215
301-587-3910  313-892-2500 505-296-8303
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Why waste time on regulatordesign?
RCA Hybrid Regulators are ready NOW.

DARLINGTON DRIVER g
T

+12 VOLTS, 40 AMPS

REMOTE SENSING

45 VOLTS, 4AMPS

POSITIVE / NEGATIVE REGULATOR

*15 VOLTS, 4AMPS

+15V

CURRENT BOOSTER
WITH INTERNAL BALLASTING
+5 VOLTS, 10AMPS

HC 4015

AV 1
7

Why spend design time on series voltage
regulators? When you standardize on RCA
power hybrids, you get both performance
and flexibility—designed-in, built-in, and
tested to cover a broad sweep of your ap-
plications requirements. You'll be able to
reduce sub-system size, cut design time.
And cut your costs, too.

Broad Coverage. RCA series voltage
regulators in hermetic steel TO-3 style
package can handle a wide range of your
regulator requirements from simple slot
supplies to computer peripheral equip-
ment. Check these maximum performance
highlights:

+|ca 3745—4

wod

b
+ 0.6% load
or line regulation HC4005 HC4012 HC4015
+ 0.3% load
or line regulation HC4005A HC4012A HC4015A
Output voltage 5V 12V 15V

Qutput current 4A 4A 4A

Versatility. Terminal connections permit
you to connect the regulator as a Darling-
ton driver to increase current-regulating
capability to 100 amps. The circuit has re-
mote sensing and 40V line-voltage capa-
bility. In addition, it uses a series pass
element for regulation, and includes both
foldback and crowbar-trigger networks.

Pricing. Another big feature. HC4005,
4012,4015 at $7.50 per unit (1,000 quantity).

International: RCA, Sunbury-on-Thames, U. K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome,

Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited,

Ste. Anne de Bellevue 810, Canada.
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“A" types at $7.95 per unit (1,000 quantity).

So why be bothered with regulator prob-
lems? Check RCA for your series voltage
regulator needs. Available now in produc-
tion quantities.

For more information see your local RCA
Representative or your RCA Distributor.
For technical data on specific types, write:
RCA Solid State Division, Section 50H-15
/UC06, Box 3200, Somerville, N.J. 08876.

“c" Solid State

products that make products pay off



DESIGN NEWS

New semiconductor mounts cut

time and cost

Recently developed connectors and
mounting methods for LSI devices
hold promise for slashing costs and
reducing assembly time. The new de-
velopments include:

eTwo MOS/LSI leadless, flat mount

connectors

*A leadless ceramic package that of-

fers easy device replaceability

*A carrier assembly that permits

either plugging in or soldering of

the IC

One of the new MOS/LSI leadless
flat mount connectors is from Am-
phenol Industrial Div., and called the
Planar-Plug-In- (PPl)  connector. It
boasts the elimination of lead frames,
small package and changeability.

American Lava Corp.’s new leadless
ceramic package offers package-cost
minimization and provides a connec-
tor which allows replaceability and a
cost reduction in the total system.

Major markets targeted by Amphen-
ol for its new planar-plug-in connec-
tors include business machines, data
communications and electronic calcu-
lators. The initial product introduction
is a 40-lead standard density connector
for MOS/LSI circuits.

According to Richard A. Colt, vice
president marketing for Amphenol
Industrial Div., “the new flat mount
planar-plug-in connectors represent a
major contribution toward reducing
interconnection costs. Essentially, they
provide a pluggable system at a cost

Fig. 1—Amphenol introduces new MOS/
LSI leadless connectors. Amphenol Indus-
trial Div.’s new MOS/LSI connector along
with American Lava Corp.’s ceramic sub-
strate for the new Planar-Plug-In connector
is inserted in typical PC board applications.
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equal to or less than the cost for a lead
frame approach.”

Aside from the inherent economic
advantages of the PPl connectors,
there are several other advantages,
according to Colt.

PPI features include: smaller pack-
age than other methods, greater pack-
aging density and a tie-down arrange-
ment which requires no screws, but
instead has a snap-down lid. Also
instead has a snap-down lid. Also
provided is positive polarization to
prevent the possibility of accidental
damage to the circuit through incor-
rect insertion.

The leadless ceramic package from
American Lava Corp. was developed
in conjunction with the Amphenol
package and is manufactured by the
composite technique. This method of
construction offers a high reliability
package with improved strength and
thermal conductivity, and eliminates
hermeticity problems. The ceramic is
AlSiMag™ 771, a 94% Al,O,.

Conductors are refractory metal and
exposed areas are overplated with
nickel and 60 microinches of gold.

Fig. 2—““Dead or Alive” system IC carrier
assembly (alive position with leads down)
offers easy snap-in insertion into offset
posts of ““dead-or-alive” panel. Flexible
concept offers design choice of plugging in
or soldering of the IC. Plastic carrier also
allows frequent changes since it protects
leads from insertion and handling damage.

Three versions of the package are
available: (1) single place with
screened Al,O, insulation layer for
maximum economy. This package re-
quires bonding and a cup-shaped lid.
Contact pads for connection are on
top; (2) three level construction for
conventional wire bonding and seal-
ing. Contact pads are on top; and (3)
three-level construction as above, but
with contact pads on bottom allowing
normal orientation of No. 1 lead when
placed in the connector.

AUGAT'S NEW IC/CARRIER ASSEMBLY

DEAD

DUAL-IN-LINE
1.C. PACKAGE

OFF-SET POSITIVE:
ACTION POSTS

PLASTIC CARRIER

ALIVE

E PANEL BOARD é

+«—WIRE WRAP PINS——

E DN SAILL GRS ST 150 1191579



~ The second socket for leadless IC’s,
from Burndy Corp., is a bit like a coffin
with a bed of nails at the bottom. The
coffin is the box that holds the ceramic
substrate for IC or thick film modules.
The top of the coffin is a lid that comes
down and holds the ceramic against
the nails. The bed of nails are tiny
spike tips on springs. These penetrate
into the solder bumps on the under-
side of the ceramic —making about 10
mil craters—and this, according to
Burndy, forms the same sort of gas-
tight highly reliable contact as in wire-
wrap or crimp connections.
Additional reductions in packaging
cost and time are promised by Augat’s
new ‘“‘dead-or-alive’’ concept, which
offers users the design choice of either
plugging in or soldering the IC. Either
method uses the same basic hard-
ware: IC-carrier assemblies are insert-

ed into the panel board contact pat-
terns, which consist of off-set positive
action, Wire-Wrap posts.

The insertion of the IC-carrier as-
sembly with the IC leads down (alive),
is the plugged in method. The wave
soldering method consists of an IC-car-
rier assembly with leads upright (dead).
This dead or alive operation allows
the design engineer to defer a final
decision on soldering vs. plug-in until
late in the design cycle. The carrier
assembly in the dead position does
not have to be soldered—it acts as a
pluggable socket until soldered.

According to Richard M. Grubb,
Augat’s Vice President of Marketing,
““a large segment of the IC-user market
has been favoring PC boards over
plug-in panels because of an apparent
marginal cost edge, despite the pan-
el’s greater flexibility and time and

space savings. Since this cost reduc-
tion development places Augat in an
ever greater competitive position, we
expect to make substantial inroads
into traditional printed circuit markets.

With Augat’s method, the IC leads
are crimped around the carrier, allow-
ing electrical contact between the flat
surface of the IC lead and the offset
pins of the panel, resulting in low con-
tact resistance. When inserted, the 1C
carrier assembly is firmly held in place
and not affected by vibration, shock,
and other environmental conditions.
The design also permits automatic test-
ing and insertion.

For more information on these de-
velopments check the following reader
service numbers: Amphenol: check
311; American Lava: check 312;
Burndy: check 313 and Augat: check
314. O

Microwave power, like the laser, searches
for a niche in the market place

Although it is becoming widely ac-
cepted in food processing applica-
tions, microwave power is finding it
tough to make inroads in other manu-
facturing applications. Participants at
the 1972 Symposium on Microwave
Power in Ottawa, Canada indicated
that a great deal of work is going on
and that some success has been
achieved in industrial applications
such as curing rubber and foam extru-
sions, in addition to certain drying
applications like edge drying of book
bindings and multi-part  business
forms.

Some other promising areas are in
medicine and, for the far future, in the
transmission of power from satellites.
With regard to the latter application, it
looks like 1985 is the magic date
when a proper evaluation of free-
space transmission of power vs. nucle-
ar power generation can be made.
Current astimates show that the cost
per kilowatt will be $2100 for micro-
wave and $500 for nuclear, with the
largest microwave expense being tied
up in the solar cells.

A number of problems have
cropped up with microwave power.
One deals with microwaves causing
cardiac pacemakers to malfunction,
and the other deals with the reliability
of safety interlock switches in micro-

wave ovens. It seems that some pace-
maker manufacturers have failed to
compensate for microwave interfer-
ence with their devices, either through
shielding or circuit design. A panel
discussion on the topic of microwave
interference revealed a lack of com-
munication between oven and pace-
maker manufacturers, delaying a
speedy solution to the problem.

The interlock switch problem is
more basic. Snap-action switches are
generally used for this application.
Both catastrophic and intermittent fail-
ures occur regularly through contami-
nation, contact deformation and weld-

ing, and spring malformation. In addi-

tion, there is currently no provision to

tell when one of the redundant
switches has failed, until both fail.
Perhaps the solution lies with a clever
designer in the semiconductor indus-
try using some of the newer switching
and logic techniques.

Also of concern to attendees of the
symposium are biological effects from
exposure to microwave energy. This
presented another area of controversy
dealing with safe exposure levels.
Right now, there are as many different
standards as there are government
agencies and governments. [

Major components of a satellite solar power station designed to produce 10 kW of power.
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Think Twice:
Extra contribution is one way

to the top. Specifying HP scopes
will help you, too.

Here’s why.

You're an engineer on the way up.
Your ideas, your designs, your work
all reflect the extra contribution
you're making. (You might even slip
back to “the shop” after dinner and
on weekends.) Rewards won't be
long in coming.

There's one more thing you can
do for yourself and your manage-
ment. Show them a way to cut
operating expenses and boost prof-
its. How? By being critical and
downright hardnosed in making
your cost/performance comparisons
on instrument purchases.

Scopes Have Changed.

Take laboratory oscilloscopes for
instance. In the past several years,
scope design and performance have
changed —for the better. Many
companies, maybe yours, are in the
process of replacing older scopes,
to take advantage of the extra capa-
bility these new models offer. To
get the best buy now, you're going
to have to do more than look at the
name tag and spec sheet. Plug-ins
are not compatible. Calibration is
completely different. Controls and
operations have changed radically.
It's a whole new ball game. Lizt/e that
you learned or used on older scopes
—whether theirs or ours —can be
transferred to the new models. You
need new techniques, new training
materials, new parts. Here are three
specific reasons why you should
investigate the HP 180 Series...why
you should think twice.

HP Scopes Cost Less To Buy

Analyze your total measurement
needs, then ask both manufacturers
to submit prices. On currently avail-
able models, you'll find that HP can
save you money— lots of it in most
cases. Check carefully on all aspects
of cost and performance. Whether
you are comparing real-time systems
with or without delayed sweep, or
sampling units, you'll find that HP
still offers a cost/performance
advantage.

HP Scopes Cost Significantly
Less To Operate

Because scopes have changed,
training, operation, calibration, and
repair are expenses that you'll have
to contend with—no matter which
make you buy. HP's new scopes are
supported by simplified operation
and live or videotaped training and
repair sessions that can substantially
cut your start-up and overall operat-
ing costs.

Calibration? We've cut the num-
ber of adjustments by 50% —and
eliminated interactive adjustments.
Therefore, when you're comparing
oscilloscopes be sure to include in
that comparison the cost of cali-
brating each manufacturer’s unit.

Our users are reporting shorter
training periods, faster, surer mea-
surements, and savings up to 50%
on calibration time and costs. Some
companies buying Hewlett-Packard,
cite this as the main reason.

CHECK NO. 12

HP Technological Leadership.
More Performance.
Fewer Problems.

HP innovations in general pur-
pose lab scopes include: the first
scope with a real time bandwidth of
> 250 MHz; the first 18 GHz sam-
pling scope; the first 100 MHz vari-
able persistence and storage scope;
and the first and only 100 MHz
scope with a “big-picture” CRT
(8x10 div, 1.3 cm/div). These are
meaningful, functional innovations
that boost your performance, not
your costs.

Think twice! Once you make the
comparison, we're certain you'll
choose HP. Many engineers like
yourself —engineers on the way up
—have already made the switch. For
more information on how you can
help your company boost profits and
how you can help yourself make
faster, more positive measurements,
write for our free “No Nonsense
Guide To Oscilloscope Selection.”

Hewlett-Packard, Palo Alto, Cali-
fornia 94304. In Europe: 1217
Meyrin-Geneva, Switzerland.

Scopes Are Changing;
Think Twice!

HEWLETT 71“ PACKARD
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TRANSLATE, MULTIPLEX,
INTERFACE, LATCH

Today’s designer is faced with
the problem of conveying data in
the shortest time possible. And
this problem is complicated by
having to interface low speed
TTL sections with high speed
ECL systems. Now there is a
solution in the form of two new
translators that ‘‘speak’ your
language — TTL/MECL or
MECL/TTL.

MC10124 MTTL TO MECL TRANSLATOR

A quad translator having TTL compatible
inputs and MECL complementary open-
emitter outputs that allow use as an in-
verting/non-inverting translator or as a
differential line driver. High fanout capa-
bility (can drive 50 ohm lines), and offers
a typical propagation delay of 5.0 ns.

MC10125 MECL TO MTTL TRANSLATOR

A quad translator incorporating differen-
tial inputs and Schottky TTL ‘‘totem pole”’
outputs. Differential inputs allow use as
an inverting/non-inverting translator or as
a differential line receiver. A vy reference
voltage is available for Schmitt trigger
applications.

TTL/MECL, MECL/TTL OR TTL/TTL

Although usually used to inter-
face between high speed ECLsys-
tems and low speed T'TL sections,
the translators can improve data
transmission between two TTL
pieces of equipment. A typical
example would be a data line for
talking between cabinets and/or
remote sections of digital ma-
chines. The complementary out-
puts of the MC10124 can drive a

MECL and MECL 10,000 are trademarks of Motorola Inc.
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differential twisted pair data line
which is received by the differ-
ential receiver inputs of the
MC10125.

This application provides:

e High speed operation with clock
rate typically in excess of 75 MHz.

e Excellent noise rejection. The MC-
10125 has common mode rejec-
tion of =1 volt specified.

e Quad translators offer minimum
package count over conventional
duals.

e Strobe capability. The MC10124
has an input common to all four
translators to sample input data.

1.9 7.2
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Speaks Your Language

Besides moving data, a designer
requires basic storage elements.
Two new multiplexer/latches are
now available for applications in
high speed central processors,
accumulators, register files, instru-
mentation, and high speed digital
communication systems.

MC10132 DUAL MULTIPLEXER WITH
LATCH AND COMMON RESET

The MC10132 provides a common select
input for both latches. Information
selected at the inputs is latched on the
rising edge of the clock input. A common
reset input is provided to reset the latches.

MC10134 DUAL MULTIPLEXER WITH LATCH

The MC10134 offers two latches with sep-
arate select inputs for each of the two
pairs of data inputs. Each select input
determines which information will be pro-
vided to the appropriate latch.

MINICOMPUTER STORAGE SIMPLIFIED

One typical application of
the MC10134 is temporary

storage in a minicomputer such
as the arithmetic section illus-
trated.

Data may be entered into the
“B” register from either the
register file or the input bus,
requiring a multiplexed input
to the register. Eight packages
of the dual latch are necessary
to construct a 16-bit register.
And reset capability is avail-
able from the MC10132 if
required.

the alternatives. Evaluate
and compare!

m ... for faster computers & systems

CHECK NO. 13

MECL 10,000 APPLICATIONS ASSISTANCE

Three new application notes are
now available to assist you in
applying MECL 10,000. Briefly,
these are:

o AN-556: Interconnection Techniques.
Describes some of the characteristics
of high speed digital signal lines and
provides wiring rules for MECL 10,000.

e AN-565: Using Shift Registers As Pulse
Delay Networks. The note develops a
circuit useful for timing basic computer
decisions or for use as an adjustable
digital delay line for pulses.

e AN-566: High Speed Binary Multiplica-
tion Using The MC10181. With a 4-bit
arithmetic unit you can reduce both
package count and interconnections in
a ripple multiplier and achieve very fast
multiplier times.

For complete specifications on
these new products and applica-
tions information write to Moto-
rola Semiconductor Products Inc.,
P. O. Box 20912, Phoenix, AZ
85036. And for immediate evalua-
tion call your local Motorola Dis-
tributor.

MECL 10,000 is the industry’s
#1 fastest growing high-speed
logic family. Whether your need
be applications assistance, system
speed, increased performance, or
cost reduction — MECL 10,000
speaks your language.




o
)

The world’s
most powerful tetrode switch tube

- )
Right on! Power tubes have come a long way since ls EIMAC s

the nostalgic days of EIMAC's first triode, the 150T. All the
way up to the giant X-2159 developmental tetrode having new
a plate dissipation of one and one-quarter megawatts.

The amazing X-2159 powerhouse tetrode can be baby.
used as a 60 kilovolt, 1,000 ampere switch tube, or as an
extremely high power pulse modulator. It can also develop
two megawatts of CW power up to 30 MHz or so with
up to 17 decibels stage gain.

Two EIMAC X-2159s can be used in a 2.5 megawatt, 100%
plate modulated medium or shortwave transmitter. At VLF,
morever, two X-2159s can develop 4 megawatts of CW power.

The X-2159 is a thought provoking example of EIMAC’s
capability to produce tomorrow’s tube today.

For full specifica-
tions on EIMAC’s new
super power tetrode
and other outstanding
products write: EIMAC
Division of Varian,

301 Industrial Way,

San Carlos, California
94070. Or contact any
of the more than 30
Varian/EIMAC Electron
Tube and Device Group
Sales Offices through-
out the world.

CHECK NO. 14
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Fluke problem solvers

Plug in true rms...
at the lowest price available!

Now you can put true rms to work in your Fluke k8200A for
just $595, and for only $750 in the 8400A. These are the
lowest prices offered for true rms in 42 and 5%z digit DVMs.

But price is only part of our story. Even at an unexcelled low
“price, we offer performance the others don’t even begin to
match. .

For instance, we measure low levels that competitive units
can't touch. Why? Because we use an exclusive converter
technique which doesn’t have square law response limita-
tions of thermal rms converters. ‘

This same technique allows us to measure waveforms that
quasi-rms or distortion insensitive converters can’'t handle.
And, we can do it up to five times faster than thermal
converters. Mid-band accuracy (50 Hz to 10 kHz) is 0.1%.

A crest factor of seven takes care of wave-
forms with a duty cycle as low as 2%.
Common mode rejection from DC to 60
Hz is greater than 120 dB.

These options are field installable. All
other features and specs are those of the
~ respective instrument. The Model 8200A is
- a high-speed 0.01% 42 digit voltmeter
with 60% overranging, auto polarity, and
auto ranging on all functions. It features switched input
filter, full 1000 volt guarding. Full multimeter and systems
options are available. Base price is $995.

Fluke's Model 8400A is the ultimate bench and systems
DVM. It features an accuracy of 0.002%, 1 microvolt resolu-
tion, resistance measurements down to 100 micro ohms,
auto polarity and auto ranging. For $2450 you get five
ranges of DC from 0.1V full scale to 1000 volts with 20%
overrange. The switched filter provides better than 65 dB
noise rejection for DC, AC, resistance and ratio.

Both DVMs feature 1500V peak overload protection and the
ability to meet tough environmental specs.

For full details, call your nearby Fluke sales engineer or
contact us directly.

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 774-2211. TWX: 910-449-2850/In
Europe, address Fluke Nederland (N.V.), P.O. Box 5053, Tilburg, Holland. Phone: (04250) 70130. [y
Telex: 884-52337/1In the U.K., address Fluke International Corp., Garnett Close, Watford,

WD2, 47T. Phone: Watford, 33066, Telex: 934583.

CHECK NO. 15



Gomplete “Trimmer Satisfaction
One design...9 pin styles

Still the industrys best trimmer value
... Less than ﬁfuﬁ each in production quantities

Settability of +-.08% and

environmental performance

requirements of characteristic

C of Mil-R-22097

o 1.5% average ENR noise
resistance

e 0.5% average CRV

e 1/2 watt @ 70°C

You can choose from an
expanded line of compact
trimmers. .150”— .125”"—.100”
in-line terminal spacing and TO-5
pin spacing all available in top
and side adjust. Plus .200” delta
(.100 grid) in top adjust. All
available from your CTS
Distributor. Still the best value in
the industry. CTS of Berne, Inc.,
Berne, Indiana 46711. Phone:
(219) 589-3111.

CTS coreorarion

Elkhart, Indiana

(EREA World Teader in cermet and variable resistor technology
CHECK NO. 16 ¢




'S ballh who
ad Wit

Who makes a product is almost as
important as the product itself. That's
why at Sloan we like to think of our
product as us. Our sub-miniature series
of incandescent lampholders, the
Model 855 Front Relampable Indicator
Lights, are no exception. We've
combined all of our years of experience
and reputation for superior indicator
lights into every Model 855 we make.

Specifically designed for use with the
T-13/4 Midget Flange Based Bulbs, the
855 series’ outstanding features
include: « Small mounting size * Front
bulb servicing * Interchangeable lens
assemblies * Insulation for two-terminal
application and single terminal
non-insulated models * Coding collars
(at rear of body) in choice of E.I. A.
. colors * Contact pressure maintained
g by silicone rubber pressure pad
i Pressure pad to seal out moisture
ont-to-back. You can be sure that both
the ““who’’ and “‘what’’ of it are always
“Sthere in the Sloan Front Relampables.
L

7704 San Fernando Rd., Sun Valley, Calif.
Phone: (213) 875-1123 /| TWX 910-498-2250

CHECK NO. 17




WORLD'S
GREATEST
OP-AMP?

If you had designed an op amp that guaran-
teed extremely low noise and drift (like the SSS725)
and extremely low input current (like the SSS108A)
and was easy to use with internal compensation
and complete protection (like the SSS741), would
you call it the world’s greatest op amp?

weca rrredMI0P-0

Here are the facts on the new [MO0P-05 Instrumentation Operational Amplifier:

monoOP-05 monoOP-05EJ monoOP-05CJ
V. Max (mv) 0.5 0.5 1.3
l: Max (nA) 3.0 4.0 7.0
R, Min (M) 20.0 15.0 8.0
Noise Voltage Max (xVp-p) 0.6 0.6 0.65
TCV.. Max (uV/°C) 1.0 0.6 1.5
CMRR Min (db) 114 110 Ao
Slew Rate (V/usec) 0.25 0.25 0.25
Price at 100 pcs. $19.95 $14.95 $6.95
(TO-99, —55°C to (TO-99, 0° to (TO-99, 0° to
+125°C) +4-70°C) +-70°C)

The monoOP-05 fits directly into 725, 108A and unnulled 741 sockets, allowing instant
upgrading of your system without redesign. And offset nulling (with a 20K pot)
actually improves offset voltage drift. So there it is— could an op amp that combined
the very best features of three of the industry’s best sellers be called the world’s
greatest op amp? We’'ll leave that decision up to you.

UNITS ARE WAITING FOR YOU AT YOUR LOCAL DISTRIBUTOR — OR
[nmw P R Ec I S I 0 N CALL US DIRECTLY FOR IMMEDIATE ACTION.
MUNULITHICS . . . delivering tomorrow’s linear technology today!

INCORPORATED
A (BoRNs Miiliate

WEST CENTRAL EAST

Lee Egherman Ed Raether Joe Stern

Precision Precision Precision

Monolithics, Inc. Monolithics, Inc. Monolithics, Inc.

1500 Space Park Drive 605 E. Algonquin Rd. 100 Ricefield Lane

Santa Clara, Calif. 95050 Arlington Heights, Ill. 60005 Smithtown, N.Y. 11787

Tel. # (408) 246-9225 Tel. # (312) 437-6697 Tel. # (516) 864-2666
CHECK NO. 18
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Our filter/capacitor

family

experimentation ¢ /4
out of & o

circyit design. |

P —

takes

N’

’

If youre really

serious about cost,
be serious about quality.

We provide the comprehensive
data you need for every one of our
filter and capacitor components.
Attenuation curves (by current,
voltage or in combination at room
temperature and maximum). Test
procedures. Application aids.
Specs. Dimension drawings. That's
why the Allen-Bradley family is
much easier to work with. We also
give you high volumetric efficiency
and a wide variety of styles. Backed

¢
f

Actual Size

by our famous track record for qual-
ity and performance. Request your
personal copies of our free litera-
ture from your nearest appointed
Allen-Bradley electronics distrib-
utor, circle the inquiry card number
indicated or write: Allen-Bradley
Electronics Division, 1201 South
Second Street, Milwaukee, Wiscon-
sin 53204. Export: Bloomfield, N. J.
07003. Canada: Galt, Ontario.
United Kingdom: Bletchley, Bucks.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

Publication 5409: type FA, FB, FW, SB,
SS ceramic disc capacitors for VHF/UHF
Publication 5410: type FCS, SMFB, SMFO
filters for the 50 MHz to 10 GHz range
Publication 5411: type CL multi-layer,
coaxial capacitors for connectors.
Publication 5414: type MT, MS by-passing
capacitors for 50 KHz to 1 GHz.
Publication 5416: type BE filters for RFI/
EMI suppression.

Publication 5417: type SF filters for RFI/
EMI suppression.

Publication 5418: type AB broad band
filters in Pi, T and L configurations.
Publication 5419: type DA feed-thru ca-
pacitors for VHF/UHF interference.
Publication 5421: type SU tubular feed-
thru filters for 30 MHz to 10 GHz range

Circle No.
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Use computer aided design
to talk to machines in the factory

The steadily-growing use of numerically controlled machines to assemble standard packages
into final products cries for design departments to turn to CAD/CAM.

Robert H. Cushman, New York Editor

“Cut out the middleman,” has always been good advice
for lowering costs and confusion. Production-line automa-
tion in the electronics industry is making it possible to cut
out a whole group of middlemen between engineering
design departments and the factory. The numerically con-
trolled machines that are finding increased acceptance on
the factory floor are not only replacing girls on the produc-
tion lines, but many liason technicians between engineer-
ing and the shop as well.

The machines we are talking about are the PC artwork
generators, the component inserters, the backplane wirers,
the PC drillers, the automatic testers, etc. These are the
Gardner-Denver Wire-Wrap TM machines, the Gerber
plotters and the USM dip inserters that manufacturers so
proudly point out on plant tours, and save their pennies to
buy more of. With machines like these (and new ones are
coming on the market all the time) the manufacturers tell
us they can increase production and lower costs without
having to add more employees or floor space.

These automation machines have one thing in common.
For full exploitation they need numerical input programs.
In some other industries, manufacturing engineering de-
partments might prepare these programs for the machines,

but in the electronic industry, it seems to make more sense
to have the design engineering departments prepare the
programs. Not only does this eliminate one historic source
of confusion between the two departments, but it gives the
engineers a good start in applying CAD/CAM to more of
their work.

The abbreviation CAD stands for ““computer aided de-
sign” and the abbreviation CAM stands for ““‘computer
aided manufacturing.” We will often put them together as
CAD/CAM to emphasize that they are but different ends of
what should be one single process flow. CAD is associated
with the upstream end of the design-manufacturing pro-
cess and CAM with the downstream end, as shown in
Fig. 1.

Those using CAD/CAM tell us that at this point in time,
CAM is the most practical. CAD is still in the process of
being developed conceptually. They have also indicated
that both CAD and CAM are evolutionary processes which
take engineering departments years to gradually develop.
They can however be bought as an outside service.

Characteristics of some present systems
EDN has not made an exhaustive study of all CAD/CAM
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Fig. 1—Flow of the CAD/CAM: contribution to electronic design
and manufacturing is shown to be overlapped: CAD is most asso-
ciated with the creative engineering process and CAM is most
associated with manufacture. Computers are becoming solidly
entrenched in CAM applications, because they are the obvious
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way for engineers to prepare the instructions for the N/C ma-
chines on the factory floor. The paper tapes at the interface be-
tween engineering and factory symbolizes this new form of com-
munication that is displacing engineering drawings. Both CAD
and CAM are evolutionary processes which take years to develop.
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users, just a random sampling as the examples will show.
However, we did note some features which we suspect
can be extrapolated across all users. First, we saw no indi-
cation that any one type of computer installation was be-
coming most popular. We saw medium sized computers,
being used in a dedicated fashion. We saw larger comput-
ers being used in a shared fashion. We saw outside time-
share services being used. We saw the computer being
used on an on-line interactive mode. We saw computers
being used off-line in a batch mode.

About the only common elements were the relatively
large assortment of peripherals and the way the data base
was the focus of the process. Typical input peripherals
would be keypunch stations for preparing card inputs and
digitizers for converting points on graphic layout drawings
into machine language. A typical bulk-memory add on
would be a disc file. Typical output peripherals would be
punches for preparing paper tapes for N/C controlled
machines and graphic plotters for preparing artwork for PC
boards.

The focus on the central data base was evident from the
nature of the programs. The computations themselves used
at the CAM tend to be rather simple manipulations of the
data base. They remind one more of business data pro-
cessing than sophisticated scientific computation. There is
considerable attention paid to housekeeping the data base.
Often there will be some error-checking routine between
each of the computational steps. The users say that this is
not because CAD/CAM generates more errors, but that
they want to take advantage of the computer’s ability to
almost completely weed out the errors that were such a
costly fact of life in manual systems. As more MSI and LSI
complexity is introduced into electronic products, it will
be more essential that the data base be reliable, they say.

Another sort of housekeeping activity was to use the
computer as a librarian or file clerk for the data base. Ide-
ally in the future it should be possible for many different
engineers, purchasing agents and manufacturing foremen,
to have rapid access to the same data base via remote
terminals on their desks. Already, this appears to be hap-
pening as a by-product with those companies using
CAD/CAM.

Hardware company builds on CAM foundation

The fact that an established packaging hardware sup-
plier like EECO, Santa Ana, Calif., can take over an engi-
neer’s circuit or logic-level sketch of an electronic system
and convert it, via CAM programs, into finished confi-
gured packages shows how much progress has been made
at the CAM end of CAD/CAM. EECO has ‘“‘grown into”
this form of CAM service as a natural by-product of selling
their standard hardware for wire-wrap interconnected DIP
packages. Now it seems they are stressing their software
and documentation prowess as much as their off-the-shelf
packaging hardware.

Apparently, a specialist company like EECO has an edge
in building up a CAM process because they have the
steady flow of packaging business to justify the many years
needed to make CAM fully practical. Most engineering
departments that work project by project don’t have that
luxury.

EECO’s approach shows how a service operation can
reach back towards the design function and take over all
the ““clean up details’” from the circuit creator. EECO

reaches all the way back to a rough pencil sketch of a log-
ic diagram. (It can be a pure logic diagram in the sense
that the gates and flip-flops don’t have to be assigned to
particular IC logic-family packages). However, the dia-
gram should be drawn with a particular logic family in
mind. It should conform to the logic rules of that family.

EECO transforms the logic diagram into final hardware
in a number of cycles, coming back to check with the cus-
tomer’s engineers between the cycles. On the first cycle,
an EECO engineer assigns and jots in circuit identification
numbers and Mnemonic signal names on the diagram.
These will be used to make the circuit intelligible to the
CAM process. The drawing (or rather the reproducible
copy EECO works with) is handed over to a keypunch
department where four girls are kept busy entering these
numbers on punched cards. The girls have been trained to
enter the data from the drawings in a format that allows
the computer to know what is on each end of each logic
signal path. The punched cards are then fed via a high-
speed (1000/hr) reader into EECO’s General Automation
18/30 computer. This computer has been provided with a
look-up table for the characteristics of the gates and flip-
flops of the logic family that is to be used. Again, the fact
that most designs today are based on relatively few logic
families makes it possible for EECO to maintain the perti-
nent data libraries ready for the computer.

Though the data that has been abstracted from the
drawing is rather elementary, EECO has found that it is still
enough for them to use in making a number of common-
sense checks on the accuracy of the customer’s design.
One gathers that EECO believes it better to run some va-
lidity checks on the customer’s design rather than risk the
inevitable hassles that occur if mistakes are not caught ear-
ly. EECO wants the reputation of delivering “‘correct’” re-
sults.

EECO’s check program has the computer look for signal
path strings that have a source, but no leads (don’t go to
any logic-element inputs), or loads but no source. It will

Fig. 2— Industry standards are the basis of the rapid growth of
CAM. Starting with the almost universal acceptance of the DIP IC
package, there is now a wide range of DIP support hardware that
goes all the way up to the backplane level. This hardware standar-
dization has in turn encouraged the development of expensive but
labor-saving N/C machines for automatic handling of these stan-
dard parts. And these machines are what encourage the historic
graphic language of engineering design to be translated into nu-
meric form and handled by the computers.



print out the numbers for these paths on a “‘Design Excep-
tion Report.” It will also look for violations of the design
rules for the specified logic family, such as fan-outs that
are too large for the gate driving ability. It will add these to
the Exception Report.

At this point, EECO shows the Design Exception Report
plus the marked-up drawing and some other routine print
outs to the customer.

The type of mistakes that EECO’s computer has been
programmed to look for at this stage are:

*Signal paths that have sources but no loads.

eSignal paths that have loads but no sources.

ePower supplies tied to ground.

Violations of the logic family loading rules.

These checks are but the application of simple common
sense but they invariably uncover mistakes, both possible
and outright. The computer prints these out in list form on
the ““Design Exception Report,” and EECO sends this back
to the customer along with the marked up drawings. The
customer’s engineer will look over the exceptions, correct
the outright mistakes, and explain to EECO which of the
possible mistakes really were mistakes and which were
intentional. For example, the computer may have noted a
signal line ““coming from nowhere’” into the diagram, and
the designer may explain that this is all right because the
signal comes from some other separate system and will be
wired in by the customer later. EECO asks the customer to
initial these exceptions.

EECO's next cycle is to take the checked and corrected
drawings, enter the corrections into the computer, and
then run the program that assigns the gates and flip-flops
into standard IC packages. EECO has its engineers work
along with the computer during this phase because they
believe that the logic should be functionally grouped for

Fig. 3— Cimtrol’s flow diagrams for the programs that direct the
computer to lay out PC boards illustrate several typical features of
today’s CAD/CAM: the runs are in a number of separate batches
and there is continuous error-checking between steps.
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easier signal-flow tracing during later trouble shooting.
Some of the programs that have the computer do all the
package assignments tend to produce crazy-quilt arrange-
ments of the logic panels. A shift register may zig-zag all
over the place because the computer has picked up one
flip-flop here, then jumped over there to pick up another,
in its attempt to use up all the elements in the packages.

The computer will generate another exception report at
the end of this cycle and will print out IC device type lists,
pin assignment lists, etc. At this stage, some customers will
note the design exceptions but may not make changes in
the interest of getting the hardware as soon as possible.
They will plan to make the changes later by hand wiring.

EECO finds that some customers will make use of the
numbering designations that EECO has developed in per-
forming its CAM processing. They will turn around and
enter the EECO numbers for circuit paths as the official
numbers on their engineering drawings. Others will incor-
porate the computer generated lists of IC types, pin lists,
string lists, etc. into the service manuals they send out with
their products. Though they originally came to EECO just
for hardware they end up getting a good deal of the docu-
mentation more economically and more accurately than
most of their customers.

The value of this documentation by-product of CAM is
hard to assess. EECO’s Richard Hunter says EECO has had
customers who have gone through 20 revisions of prod-
ucts. It seems that just a few are the result of glitches un-
covered in the equipment operation; most are the result of
customers finding they want more functions. Hunter said
that good documentation makes these changes much eas-
ier for the designers. For example the designer can go to
the ““unused logic element”” printout that EECO has pro-
vided them and find where they can pick up spare gates in
the logic packages to to implement the changes. Then they
can put out change order instructions and field mainte-
nance can make these changes with a hand gun (going to
the spare third level of the wire-wrap posts if they have to).

It seems likely that the ease of modification factor may
become much more important now that more computer-
type equipment is out on a lease basis. Manufacturer’s
who lease their product do not like to throw any equip-
ment away. Ideally they would like to keep it on lease
with customers forever by a continual series of updating
modifications.

N/C company uses its own tools

The CAD/CAM system that the Cimtrol division of the
Cincinnati Milling Machine Co., Lebanon, Ohio, has been
evolving since 1963 is also an example of working back-
wards. “‘Our automation is very shop (or CAM) oriented,
as opposed to design (or CAD) oriented,” Ed Coodle and
Tom Yeager of Cimtrol told EDN. “We saw a need to get
the data interfaced between the engineering and manufac-
turing areas in an automatic manner, so that the shop
would receive reliable and consistent information, ready
for inserting into their machines.”

The Cimtrol system was built around specific machines,
such as a Gerber 632 precision drafting table and some of
Cincinnati’s own numerically controlled drilling and posi-
tioning tools. Cimtrol did not use its own minicomputers
for the CAD/CAM processing, but does use one of its N/C
controllers for automatically positioning wire-wrap guns.
The computer used for the CAD/CAM processing is an
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IBM 370/145 with a 262k-byte memory.

The Cimtrol engineers say they have reduced their wire-
wrap programs to routine and have made strides in simi-
larly reducing IC placement on the PC boards to routine.
They have programs to automatically make IC pin assign-
ments after a human has “lightly’” partitioned the logic
gates into functionally related groups.

But it has proven more difficult to have the computer
automatically lay out PC board wiring patterns, Cimtrol
engineers say. Their present tack is to use ‘‘Lee’s Algo-
rithm”” and have the program radiate out “waves’ from
one pin until the wavefront hits a desired second pin, then
trace back the path of that point of the wave. (Lee’s algo-
rithm is discussed in ““Design Automation of Digital Sys-
tems,”” M. A. Breuer, ed., Prentice Hall, Inc. 1972.)

Cimtrol has also worked on some rather sophisticated
programs for generating test programs for logic boards.
These will be used in conjunction with a N/C controlled
board tester of their own manufacture that will incoporate
one of their minicomputers. Yeager says that he forsees the
need for some large memories in these testers as MSI and
LSI systems of sequential logic come along.

Helping the computer with the last 5%

There is a strong vein of common sense to be noted
among those who have been using CAD/CAM to earn a
living. Harry Keirns, leader of the software design at ATI
(Automated Technology Inc.), Champaign, Ill., told EDN
that he never worried about not getting the computer to do
100% of the layout routing. “My concern was to have the
program adequate for letting the computer route 90% or
so of the wires on its own, and then know enough to ask
for a human’s help,” Keirns said.

Design automation was essential for ITA. They were lay-
ing out 4 to 6 layer boards containing a thousand inter-
connection wires for the Univ. of I1.’s ILLIAC-IV supercom-
puter. ITA was using a computing system built around a
PDP-15 minicomputer with a disc memory. An important
peripheral was a high speed Gould electrostatic printer.
ITA used this as a low-cost, substitute for a graphic CRT to
allow the computer to rapidly and inexpensively tell the
human how far it had gotten when the computer called for
help. The Gould plotter system could spew out a picture
of the routing in one minute at a cost of about one dollar.

“We incorporated criteria into our router program that
would allow the computer to know when it was reaching
the flat portion of its achievement curve —when it was
spending a lot of time in futile attempts to route the last
remaining wires of a board,” Keirns said. The computer
would then stop and activate the Gould plotter to make a
proof print. The engineer would take this plot back to his
desk, study it, and usually spot the problem right away.
Then in ten minutes he’d come back to the computer with
some helpful rearrangement that would allow the comput-
er to proceed.

Invariably, the problem that was holding up the
“dumb”” computer would be ridiculously simple, such as
one of the earlier wire routes blocking all subsequent rout-
ing attempts from a certain pin. The computer would keep
butting up against this obstacle, not seeing that it could
not solve it. The engineer would re-route the wire causing
the blockage (say to another layer) or shift the pin posi-
tions and this would free the computer to continue.

““Perhaps we could have spent a lot of time and come
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Fig. 4— Lee’s algorithm for finding the shortest path between
points A and B on a PC board consists of radiating waves or steps
out from A, and seeing how many steps it takes to reach B. It is a
bit like the way a checkers player thinks out moves in advance.

up with additions to our routing algorithms to take care of
these situations, but we did not think it worth the effort,”
Keirns said. During the first pass, the computer might put
down 90% of the wires in ten-minutes running time, then
come to a halt, and generate the proof print. In the second
pass, after the human had helped it, the computer might
reach nearly 100% completing in one minute’s time. On
subsequent passes if needed, the computer could com-
plete the design within a second’s time. A board contain-
ing over 100 1Cs might only take about a half hour.

hour.

“Our Gould plotter cost us about $15K, including inter-
face,” said Keirns, which was less than the full graphic
CRT, we would have needed to do the same thing. We
could scale the display up so instead of having a dense
plot of a 6 by 6 in. board, we could have an oversized
drawing that would be easier to work with.”” An advantage
of using the high-speed plotter was that the designer
would automatically build up a series of hard copy draw-
ings that would show the progress of the routing. ITA still
used a pen plotter for the final precision artwork, but this
would have been too slow and expensive for the proof
plots.

Incidentally, ITA’s interest in the Gould plotter caused
them to be bought by Gould as the nucleus of Gould’s
new data-products division. ITA is being moved to the
Boston area where they will continue to use their
CAD/CAM expertise in developing such products as the
interfaces for Gould products. Keirns says that he believes
they will be able to make more efficient use of CAD/CAM
when they are doing their own work in house, as com-
pared to doing consulting for outsiders. ““There were times
when we suspected mistakes in the designs we were giv-
en, but as consultants we were reluctant to go back and
tell our customers we thought they had make mistakes.,
“Keirns said. ““Also, because our CAD/CAM programs
were geared to the specific services we were providing,
they would not really be capable of uncovering logic-de-
sign mistakes from upstream in the design process. We
also found ourselves doing layout tasks with the computer,
like simple double sided boards that we felt could have
been accomplished just as fast with hand taping, simply
because a customer wanted them to be done on computer
for some reason.”
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Fig. 5 Overall flow diagram of ITA’s CAD/CAM procedure
shows how the quick-look Gould plotter was employed in the
middle. The rapid proof prints generated by the Gould plotter
every time the computer routing program came to an impasse
served as low-cost alternatives to an interactive CRT. Actually, in
some ways the Gould proof prints were superior to a CRT display
because the engineer could take these prints back to his desk, think
about them at leisure, write on them, and even overlay several of
them on a light table.

Keirns agreed with other CAD/CAM practicioners that
one of the weak links in any CAD/CAM system was the
initial conversion of data into machine language. ‘‘Mis-
takes would go through and we would find that some of
the large, expensive multi-layer boards would have erro-
neous wiring when completed. Each time we traced back
through our CAD/CAM system to locate the culprit it
turned out to be some girl at the initial keypunch conver-
sion who had either made a mistake or had misread some
handwritten information on a source drawing.”

Basic example

We have seen some very basic examples of the princi-

ple of working backwards towards automation in many
component manufacturing plants. Mostly, they center a-

round the functions of test and inspection, because of the

need to generate and communicate quantitative data. One
such example comes from a manufacturer of panel meters,
Beede of Penacock, N. H.

Beede was having ‘‘communication’” problems with a
customer who was paying a premium price for a 1%-
tracking-accuracy, 250° indicator. “We found ourselves
involved in a constant back and forth discussion about
whether the meters we were shipping were truly meeting
their 1% specifications,” Beede’s Lou Issel told EDN. “We
were confident we were, because we were testing them to
1/2% and none of our other customers were having prob-
lems. But you don’t argue with a customer, you try to
communicate better.”’

To achieve the better communication, Beede engineers
developed a semi-automatic checkout station. This gave
them a digital printout to 0.01% that they could tear off
and ship with each meter. “This tangible indication that
we were carefully testing each meter brought the custom-
er's complaints to a halt immediately, Issel said. ““The data
in this form convinced him he was getting his money’s
worth.”

The Beede tester is an example of “‘working backwards’’
because it's need was indirectly suggested by feedback to
the engineers from the customer. It is an example of get-
ting the job that counts done with the minimum of auto-
mation. An A/D converter that is part of a DPM (digital
panel meter), also made by Beede, reads the tracking error
and drives a strip printer via the DPM’s BDC output. Most
important, additional information that identifies the meter,
date and meter test position, is also printed.

The woman manning this production test station first
sets up the additional information shown to the left of the
reading by manual controls. She dials in the meter serial
number with thumbswitches, for example. She adjusts the
full-scale voltage to put the needle on the full-scale mark,
then rotates the large knob at her left to step the input to
the meter down through 20% divisions of the adjusted
full-scale voltage. These divisions are precisely pro-
grammed by the 0.01% resistors on the card plugged into
the center of the console.

At each divided down input she notes how far off the
needle is from the scale mark it is supposed to be on. She
can read this to 1/2% if the meter has a silvered mirror.
She then nulls out the small difference with the ten-turn
pot on her right, and hits a foot switch to activate the print-
er. The printer records the bias needed for nudging the
needle to the mark as measured by the differential DPM,
the DPM being adjusted to read the nulling voltage.

For all their home-brew simplicity, these first steps into
automation often have valuable lessons for engineers who
are planning ventures into computer aided manufacturing.

*They have solid usefulness. They are the direct oppo-
site of the so called high-power general-purpose do-
everything tester that sold to companies for $100,000 only
to lie idle because no one felt them quite worth the effort
to put to useful work. These home-brew systems are truly
application oriented as they were developed in response
to real problems.

*They can, like this Beede system, provide the data base
that is the foundation of CAM. For example, though Beede
does not at this time, they could record the same BDCD
that drives the printer of a magnetic tape (a small cassette
for example) . . . and store this for later product trends
analysis for manufacturing adjustment . . . and even later
as input for new design. [
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SILICON FUSE
CUTS COST

OF NEW
PROM

Lowest priced 1024-bit PROM ships
immediately and programs easily.

Intel has developed a 1024-bit
bipolar PROM that’s programmed
by breaking fusible links of silicon
—a new, superior programming
technique.

In 100-piece quantities, the Intel
3601 PROM costs only $39, which is
less than any other 1024-bit PROM
on the market.

It's economical to produce be-
cause it combines two well-known,
high-volume production techniques:
the Schottky process and polycrys-
talline silicon deposition as used in
our silicon-gate MOS devices. That’s
why we’ve been able to produce it
reliably, have already stocked our
distributors for immediate delivery,
and can meet your production re-
quirements with ease.

You'll find that the silicon-fuse
PROM is much easier to program

than the blown-junction type. Pulse
width and pulse rise time are not
critical. Typical programming time
by automatic means is only one
second. The silicon fuse separates
cleanly and cannot cure or re-link.
We’'ll sell you an automatic pro-
grammer, Model 7600C, or tell you
how to build one yourself.

The 3601 PROM has a maximum
access time of 70 ns from 0° to
+75°C ambient over power supply
variations of £5%. It’s pin-compati-
ble with Intel’s mask-programmed
Type 3301A, so you can switch
easily whenever you have high-
volume requirements.

For immediate delivery of our
3601 phone your local Intel distrib-
utor: Cramer Electronics, Hamilton
Electro Sales, Industrial Compo-
nents or Sheridan Associates. In

CHECK NO. 20

Europe Intel is at Avenue Louise
216, B 1050 Bruxelles. Phone
492003. Intel Japan, Inc. is at
Hanei 2nd Bldg., No. 1-1, Shinjuku,
Shinjuku-ku, Tokyo 160. Phone
03-354-8251.

Intel Corporation now produces
memory devices, memory systems
and micro computers at 3065
Bowers Avenue, Santa Clara, Calif.
95051. Phone (408) 246-7501.

intgl

delivers.



NOW 400V & 600V

DARLINGTONS FROM

Delco’s new DTS-4000 series Dar-
lingtons with Vggo's of 400V and
600V are triple diffused mesa units

tronics

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA
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built for rugged duty. They come to
you with a practical 15 Ampere rat-
ing that you can depend on all the
way up to the high voltage require-
ments of ac motor speed controls,
for instance—or the 1.5 kW switch-
ing regulator in the illustration.
And they offer new possibilities
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NPN—Triple diffused Darlington transistors packaged in solid copper TO-204MA (TO-3) cases.

EDIME ARG SeRs

-

2,

1D 2



HIGH ENERGY

", AR
' Oecm Q\ j
R 0754040 |

backed by safe operating curves
up to 600 volts, as shown at left.
And to further aid your circuit de-
sign hgg is plotted continuously
from 15mA to the maximum col-
lector current rating of 15A.

As you expected, the new DTS-
4000’s are in stock and ready for
delivery. Contact us or your nearest
Delco distributor for complete de-
tails. Ask for Application Note 52
on the switching regulator.

Now available from these
distributors in production quantities:

ALA., BIRMINGHAM e« Forbes Distributing Co.,
Inc. (205)-251-4104

25R3l21, PHOENIX e Sterling Electronics (602)-258-
CAL., LOS ANGELES e Kierulff Electronics, Inc.
(213)-685-5511 « Radio Products Sales, Inc. (213)-
748-1271

CAL., PALO ALTO e Kierulff Electronics, Inc. (415)-
968-6292

CAL., REDWOOD CITY e Cramer/San Francisco,
(415)-365-4000

CAL., SAN DIEGO e Radio Products Sales, Inc.
(714)-292-5611

CAL., SAN DIEGO e Kierulff Electronics, Inc. (714)-
278-2112

COLO., DENVER ¢ Cramer/Denver (303)-758-2100
« Denver Walker Electronics (303)-935-2401
CONN., NORWALK e Harvey/Connecticut (203)-
853-1515

FLA., MIAMI SPRINGS e Powell/Gulf Electronics
(305)-885-8761

ILL., ROSEMONT (Chicago) e Kierulff Electronics
(312)-678-8560

THE KOKOMOANS.

ILL., SKOKIE (Chicago) e Merquip Electronics
(312)-282-5400

IND., INDIANAPOLIS « Graham Electronics Supply,
Inc. (317)-634-8202

MD., BALTIMORE e Radio Electric Service Co.
(301)-823-0070

MASS., NEEDHAM HEIGHTS e Kierulff Electronics,
Inc. (617)-449-3600

MASS., NEWTON e The Greene-Shaw Co., Inc.
(617)-969-8900

gASISC')-' ROMULUS e Harvey-Michigan (313)-729-
MINN., MINNEAPOLIS e Stark Electronics Supply
Co. (612)-332-1325

MO., KANSAS CITY e Walters Radio Supply, Inc.
(816)-531-7015

MO., NO. KANSAS CITY « LCOMP-Kansas City,
Inc. (816)-221-2400

MO., ST. LOUIS e LCOMP-St. Louis, Inc. (314)-
647-5505

N.J., CLIFTON e Eastern Radio Corporation (201)-
365-2600, (212)-244-8930

rB‘léYl.i BINGHAMTON e Harvey/Federal (607)-748-
N.Y., EAST SYRACUSE e Cramer/Eastern (315)-
437-6671

3360 ROCHESTER e Cramer/Rochester (716)-275-
N.Y., WOODBURY e Harvey/New York (516)-921-
8700, (212)-582-2590

OHIO, CINCINNATI e United Radio, Inc. (513)-
761-4030

g(l)-iolg CLEVELAND e Pattison Supply (216)-441-
grll(l) DAYTON e Kierulff Electronics (513)-278-
OKLA., TULSA « Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA ¢ Almo Electronics (215)-
676-6000

PENN., PITTSBURGH e RPC Electronics (412)-
782-3770

S.C., COLUMBIA « Dixie Radio Supply Co., Inc.
(803)-253-5333

TEXAS, DALLAS e« Adleta Electronics Co. (214)-
741-3151

TEXAS, FORT WORTH e Adleta Electronics Co.
(817)-336-7446

TEXAS, GARLAND e Kierulff Electronics, Inc. (214)-
271-2471

TEXAS, HOUSTON e Harrison Equipment Co., Inc.
(713)-224-9131

UTAH, SALT LAKE CITY e Cramer/Utah (801)-
487-3681

VA., RICHMOND e Meridian Electronics, Inc., a
Sterling Electronics Company (703)-353-6648
WASH., SEATTLE e Kierulff Electronics, Inc. (206)-
763-1550

WASH., TACOMA « C & G Electronics Co. (206)-
272-3181

CANADA, ONT., SCARBOROUGH e Lake Engineer-
ing Co., Ltd. (416)-751-5980

ALL OVERSEAS INQUIRIES:

General Motors Overseas Operations

Power and Industrial Products Dept.,

767 Fifth Avenue, New York, N.Y.

10022. Phone: (212)-486-3723.

Kokomoans’ Regional Headquarters.

Union, New Jersey 07083, Box 1018, Chestnut
Station, (201) 687-3770.

El Segundo, Calif. 90245, 354 Coral Circle, (213)
640-0443.

Kokomo, Ind. 46901, 700 E. Firmin, (317) 459-
2175 (Home Office)
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New D/A technique leads to
an inexpensive converter

Here’s an all-digital approach to the D/A conversion problem
that eliminates precision-ladder networks and keeps the total component count down.

David J. Guzeman, Teledyne Semiconductor

One of the most common problems occurring in the de-
sign of industrial digital-logic systems is that of conversion
from digital to analog signals and vice versa. The most
common approach to the problem uses voltage compara-
tors and expensive precision-ladder resistor networks. Al-
though this yields extremely accurate converters, it also
tends to be very expensive. Here is an all digital approach
where the use of MSI components reduces the total com-
ponent count to a very low number. Cost savings are real-
ized because there are no linear devices used, and hence,
the cost of a precision power supply is avoided.

Use two counters and a flip-flop

The basic analog-to-digital conversion technique uses
two counters and a flip-flop (Fig. 1). In this simplified circuit
both counters are the same modulus and both are run
from the same clock source. Each of the counters has an
output, called the terminal-count output, that delivers one
pulse every time the counter reaches the end of the count

CLOCK (o7 cou/riTER T |
Cp ‘cJoo
Q
o
FLIP
FLOP
Fo
L 1c, COUI;TER Tl
£C, T o0

CP - CLOCK INPUT
C_ - CLOCK ENABLE T .- TERMINAL COUNT

My, - MASTER RESET T, - INVERTED TERMINAL COUNT

Fig. 1—Two counters and a flip-flop are the basic components
for this D/A conversion technique. The duty cycle of the flip-flop
depends on the phase relationship of the two counters. Resolution
of the duty cycle is controlled by the counting modulus.
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modulus. A counter that is counting in cycles of 256, for
example, would deliver one pulse on every 255th count
(zero is the first count). In addition, the inverse of the ter-
minal-count output is provided so that both active HIGH
and active LOW terminal counts are available for use.

When these counters are connected as in Fig. 1, the
terminal-count output of Counter A sets the flip-flop (the
assumption made here is that the counters are out of
phase; that is, both terminal count outputs do not deliver
pulses simultaneously). For the example shown, the output
of the flip-flop follows a 50% duty cycle, going HIGH on
every pulse from Counter A and going LOW on every
pulse from Counter B (Fig. 2a). The 50% duty cycle is due
to the fact that these are mod-4 counters that are offset or
out of phase by two counts. If the counters were only off
by one clock pulse, then the output of the flip-flop would
be following a 25% duty cycle (Fig. 2b).

It should now be apparent that the duty cycle of the flip-
flop is wholly dependent upon the phase relationship of
the two counters, and that the resolution of the duty cycle
is dependent almost wholly upon the size of the counting
modulus. With counters counting to 100, the timing cycle
could be controlled to one part in 100, which is 1%.

Before the system can be used there is one complication
that must be taken care of. Consider the possibility that the
two counters might be in phase. When this occurs the de-
sired state of the flip-flop is for Q to be LOW and stay
LOW as long as the counters are in phase. Unfortunately,
if both counters are in phase, both of the terminal count
outputs will deliver pulses simultaneously. This would
normally serve to set the flip-flop into the condition where
Q was HIGH (because of the JK nature of the flip-flop).
This condition is resolved by using an inverted signal from
the terminal count output of Counter B to reset the flip-
flop to the condition of Q being LOW.

The principle of using the phase difference between the
two counters could be expanded directly into a D-to-A
application. The technique would entail periodically reset-
ting the counters, and then setting into Counter A the
number that would represent the phase difference. Coun-
ter A then becomes the advanced counter. However,
when there is a possibility of either one of the counters
needing to be the advanced counter, the technique be-
comes awkward. A better technique is to use the two
counters coupled with a signal-conditioning technique
that removes the need for one counter to be advanced.
This will be developed into a dynamic system that can
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Fig. 2— Timing diagrams for the circuit of Fig. 1 shows a 50% duty cycle (a) for the flip-flop when the two counters are out of phase by two
counts and a 25% duty cycle (b) when the counters are out of phase by one count. Modulus-4 counters are used in the example.

track the digital inputs very closely.

Eliminate counter reset problems

Fig. 3 shows the conditioning circuitry used to detect
the pulse on the signal input line. The purpose of the cir-
cuit is to disable the counter for one clock pulse each time
an input pulse appears on the signal input line. In opera-
tion, the first JK flip-flop, A, is supplied with signals that
are out of phase (because of the inverter on the K line).
With no input signal, flip-flop A will sit with its Q output
LOW. The second flip-flop, B, is also conditioned by flip-
flop A so that its Q is LOW. Both of these low outputs are
fed to gate A, which delivers a logic ONE signal to the en-
able input of the counter. Thus, with no input signal on
the input line the counter is enabled and will count one
count every time it sees the rising edge of the clock line.

Consider what happens when a pulse, several clock-
pulses long, arrives on the input-signal line. The JK inputs
of flip-flop A are conditioned by the signal pulse, and
when the next falling edge of the master clock arrives (the
JK flip-flops used here are charge-storage devices that trig-
ger on the falling edge of the clock pulse), it toggles into
the Q HIGH state. This immediately causes output gate A
to switch LOW, which disables the counter. Note that
since the counter triggers on the rising edge of the clock
pulse, it counted one count when this clock pulse arrived.
The counter is disabled for the next clock pulse that ar-
rives, and it is this second clock pulse that is ignored by
the counter. Flip-flop B, however, does not ignore it. It
switches to the same condition as flip-flop A; that is, with
Q HIGH. The output of Q of flip-flop B is of course now
LOW, and it forces the output of gate A HIGH, which

INPUT I I Q

O J J

e
; K K

7)) "S-

COUNTER

ol

Fig. 3— The input conditioning circuit retards the counter by one count each time the signal input line receives one pulse. This eliminates

the need for peridocially resetting the counters.
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Fig. 4 — The complete converter can be built with a small number of parts. The number depends on the resolution required. In this example,
a pair of hexadecimal counters were used to provide a divide-by-256 counter. Note the extra | input to the output flip-flop (not shown in
Fig. 1). This input resets the flip-flop to the condition of Q being LOW when the two counters are in phase.

once again enables the counter. The flip-flops will remain
in this state until the pulse on the signal input line is re-
moved, and the next two clock pulses will then reset both
flip-flops to the LOW state.

For proper operation of this circuit the master clock
should be at least twice as fast as the input signal pulses.
The purpose of the second flip-flop is to ensure that long
signal pulses only disable the counter for one clock pulse.
The net effect of the conditioning circuit is to retard the
counter by one count each time the signal-input line re-
ceives one pulse. The complete system is shown in Fig. 4.
A pair of hexadecimal counters were used to provide a
divide-by-256 counter.
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While an op amp integrator could demodulate the ana-
log information coded into the flip-flop duty cycle, the
ideal application for this conversion technique uses a load
that performs the integration itself. All that is then neces-
sary is to buffer the flip-flop output with a power amplifier
capable of driving the load.

Simplify multiple D/A converters

There are many useful variations of the basic principle.
One is shown in Fig. 5. By slightly elaborating on the in-
put-control circuitry, either the counter can be made to skip
a count or jump a count. This means that Counter A need
no longer have the ability to skip pulses, since advancing
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Fig. 5 —Slightly changing the input circuitry allows a single counter A to be used with multiple second counters. This technique requires a

two-phase clock for the system.

B by one count has the same effect as retarding A by one
count. Since Counter A no longer has to skip counts, it can
be used for several other conversion counters. In Fig. 5,
Counter A is being used as a master for both Counter B
and Counter C.

This technique requires the generation of a two-phase
clock. The circuit that causes the counter to skip a count
remains the same. However, to this circuit is added a simi-
lar circuit that causes the counter to count the second out-
of-phase clock whenever a signal pulse is added to the
count-up signal line. Thus, each of the conversion coun-
ters can either increase or decrease its phase difference
with the master counter.

Author’s biography

David J. Guzeman is special projects
manager at Teledyne Semiconductor
in Mountain View, Calif., where he is
currently spending most of his time
organizing product seminars for Tele-
dyne customers and salesmen. Before
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Sunbeam Corp. for four years. He re-
ceived a BS in Physics from Aurora
College at Aurora, IlI.
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They’re Small and Reliable*

EL-MENCO DM5 — DM10 — DM15 — ONE COAT DIPPED MICA CAPACITORS

STYLE | WORKING | o cric | CAPACITANCE Where space and performance are critical, more and
e Ll more manufacturers are finding that EI-Menco minia-
C 1pF thru 400pF e = 5 5 X =
Bits s D E 270F thru 400pF tyrlzed dlpped mica capacitors are the rghable solu
F 85pF thru 400pF tion. The single coat is available in three sizes: 1-CRH,
C 1pF thru 200pF . At
DM5 D, E 27pF thru 200pF 1-CRT and 1-CE.
85pF thru 200pF .
(F; lﬁFth:ﬂmﬂF The 1-CRH DM “space savers” easily meet all the
DM10 | 100VDC D, E 27pF thru 400pF requirements of MIL and EIA specifications, includ-
- — ing moisture resistance. The 1-CE and 1-CRT units
DM15 D, E 27pF thru 1500pF also meet the requirements of MIL and EIA specifica-
E 855*’;*;;“ 1§ggpg tions, except that they have less moisture protection
ru . . . "
DME DE SO i dibE because of their thinner coating; these capacitors,
3 85pF thru 120pF | therefore, are ideally suited where potting will be
C 1pF thru 300pF - § = .
. o b E 270F thru 300pF ysed. Note: DM10 and DM15 units are still available
F 85pF thru 300pF in the standard 4-CR size.
T TpF thru 1200pF . .
DM15 D, E 27pF thru 1200pF Specify “El-Menco” and be sure . . . the capacitors
E 85pF thru 1200pF . . HF
= AT yvuth proven reliability. Send for complete data and
DM10 D.E 27pF thru 250pF information.
F 85pF thru ZSOEF
500vDC C 1pF thru 750pF *Normally, El-Menco 39 pF capacitors will yield a failure rate of less than
DM15 D E 27pF thru 750pF 0.001% per thousand hours at a 90% confidence level when operated with
F, 85pF thru 750pF rated voltage and at a temperature of 85°C. Rating for specific applications
depends on style, capacitance value, and operating conditions.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders
Mylar-Paper Dipped * Paper Dipped ¢ Mylar Dipped * Tubular Paper

West Coast Manufacturers contact: COLLINS & HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022
5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ARCO ELECTRONIC DISTRIBUTORS
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~ EMI RADIATION.

'New tapes deliver long-term shielding protection

New Scotch Brand tapes with
embossed metal foil backings
provide an easy, low-cost way
to apply lasting EMI shielding
in applications up to 12 GHz.
Insertion loss levels remain
constant in year-long tests.
(Applied to a copper substrate,
over a ¥2” x 2%” open slot ra-
diating at 143 MHz, Scotch
X-1245 tape held the insertion
loss level at a steady 65 db.)
Insertion losses are equally
consistent on steel, aluminum

and cadmium; ranging from 35 db to 55 db.

Easy to apply, Scotch Brand Shielding Tapes end
the need for plating, painting or other expensive shield-
ing methods. Can be applied in the factory or in the
field and permit easy on-the-spot shielding repairs.

Scotch Brand X-1245 has an embossed copper foil
backing which permits solder connections. Scotch
Brand X-1267 has an embossed aluminum foil backing.
These tapes are ideal for shielding enclosures, cables
and electronic test equipment and for static charge
draining and trouble shooting.

For complete facts write: DM&S Div., 3M Company,
St. Paul, Minn. 55101.

See our complete catalog in eem.

Dielectric Materials 3
£ Systems Division sl comeany
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Pseudo-random number generator

uses CMOS logic

New CMOS MSI packages are making it easier to accomplish special functions
like random number generation, with low package counts.

Jim Halligan, Motorola Semiconductor Products Inc.

A pseudo-random digital code generator can be con-
structed from a shift register and EXCLUSIVE-OR gates. By
picking off the outputs of various register stages, performing
the Exlusive-OR function, and feeding it back into the
register serial input, a digital sequence can be generated
which satisfies all of the tests for randomness. The period-
icity of the random sequency is (2% — 1), where N is the
number of shift register stages. For example, using an 8-bit
shift register, 255 pseudo-random numbers can be con-
tinuously generated by Exclusive-ORing the 1st, 6th, 7th
and 8th bits:

Q=2 H®AUDQAEDQ,

The resulting pseudo-random sequence has numerous
applications, such as correlation stimufi or test patterns for
communications systems. The data scrambling application
described here is a particularly useful function which re-
quires only three DIP circuits at each end of a digital com-
munications line to insure message privacy. Most of the
devices (or their equivalents) are commercially available
from other CMOS supplies.

The eight-bit shift-register MC14021 (device ‘21" in the
multiple-sourced CMOS 4000 family) is used in conjunc-
tion with EXCLUSIVE-OR gates MC14507 (also from the
4000 family) to generate the pseudo-random code. The
1st, 6th, 7th and 8th bits are exclusive OR’d and fed back
to the shift-register input to develop the code pattern. An
all-zeros combination is avoided as it would lock up the

circuit.

Only the 6th, 7th and 8th bit outputs are available from
the 4021, so it is necessary to simulate the first bit by oper-
ating a flip-flop (FF-2) in parallel. This flip-flop is available
anyway, because in the CMOS 4000 family the flip-flops
come two-to-a-package, and another flip-flop (FF-1) is
needed for the system initialization. The simulation is
quite literal, because the 4013 package contains the same
D-type flip-flops as used in the 4021. The same clock,
data and control pulses are applied to FF-2 as are applied
to the 4021.

The pattern of 255 bits generated as this logic loop cy-
cles through all its states provides the pseudo-random
digital signal. It can be used for a random test signal or
carried further as shown and used for protecting messages
to be sent out on public channels (or stored in public
files). A digital message is scrambled by mixing it with the
output of this code generator in an exclusive-OR gate, as
shown in Fig. 1. The fourth gate in the 14507 package is .
conveniently available for this. The scrambled data can
then be sent out with reasonable certainty that its contents
will be unintelligible to others. The 255-bit-long encoding
pattern has a sufficient degree of randomness so that it
cannot be easily deciphered.

Identical circuit decodes message

A functionally identical 255-bit random-pattern genera-
tor is used at the receiving station to unscramble the data

CLOCK 450 ‘
v MC10421 1 T “INITIALIZE” | Meth
Vg - C C
P/ —] D D
€ Jam INPUTS S [ z
i1, TOEFS FF=1 - )
3 Qs Q, Qg a.¢ /
R - .
| l 1 - TRANSMITTER
ey MC14507
a’n '
FF-2 RECEIVER
g cld N
R o
“LOCKED"”
.l_ MC14501 Ll INDICATOR
MC14507 MC14013
DATA CHANNEL
\ MESSAGE
WESSAGE i > 'l , DAJFA
DATA IN Z_SCRAMBLED DATA o
(WHEN “LOCKED")

Fig. 1 — Circuits for applying a pseudo-random scrambling code to
a message and then removing it. The transmitting station logic
(left) is essentially repeated at the receiving station (right). The ad-

ditional logic is for putting the two shift registers in synchronization
at the start of scrambling. Scrambling is accomplished by mixing
the digital message with the output of the code generator.
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Fig. 2 —How the Exclusive-OR at the sending station works with
the Exclusive-OR at the receiving station to encode and decode
the message. The truth table details how the Exclusive-OR gates
add and remove the scrambling code.

message. However, the decoding circuit must have access
to the sending clock and a means for synchronizing itself
with the coding bit pattern.

The basic duplicate of the random-pattern generator at
the receiving station is constructed from two, four-bit reg-
isters in the 14015 package that are connected in series.
This hardware change is necessary because all the receiv-
ing unit shift register outputs must be available for initial
synchronization (and the eight parallel jam inputs of the
4021 aren’t needed on the receiving end).

Fig. 2, shows the various encoding and decoding signal
combinations. If both the data and the scrambling code
input to the transmitter exclusive-OR are ZERO, then a
ZERO will be transmitted and a ZERO will be decoded. If
either the data or the scrambling input at the sending sta-
tion are ONE, then a ONE will be transmitted. But note
that if a ““false’” ONE has been transmitted by the scrambler,
the synchronized decoding ONE at the receiving end will
remove it. The “true’” ONE from the data will go through.
If both the data and scrambling inputs are ONE, then a
ZERO will be sent, but a ONE will be reconstructed at the
receiving end by the duplicate code.

Synchronizing send and receive

The coding and decoding operations are synchronized
by putting both registers into an all-ONE’s state. The ini-
tialization pulse sets FF-1 which puts the sending register
(and FF-2) into .the all-ONFE’s state and then holds the
sending register locked in that state until the feedback sig-
nal from the receiving registers tells FF-1 that the receiving
end has cycled to the all-ONE’s state. During this initializa-
tion period, data applied at the sending end will be trans-
mitted without scrambling.

The output of FF-1 puts the 4021 into an all-ONE’s state

INITIALIZE

CLOCK

MC14021 P/S

LOCKED

INDICATOR eemm— 005 BITS, NMAX, ———

I

|

TRAgi’\_f_ETED <+———UNSCRAMBLED -——i.—SCRAMBLED
{ |

Fig. 3 —Timing diagram for the message scrambler shows how the
initial synchronization of the transmitting and receiving stations is
accomplished.

by putting a ONE level into the 4021’s parallel/serial con-
trol. This causes the 4021 to internally gate all its eight
flip-flops to the jam inputs which have been tied to the
ONE level. At the same time, FF-2 is also put into the ONE
level by a ONE input to its SET control. (see Fig. 3.)

The receiving-end register (4015) continues to respond
to clock pulses and goes through all its states. Within 255
clock pulses it will have arrived at its all-ONE's state, at
which time this condition will be detected by the gates in
the 14501 package and they will feed back the signal to the
sending unit that will release FF-1 and let the scrambling
commence. This signal pulse also tells the receiving end
that scrambling has begun. Now, of course, both registers
are synchronized because they started from their all-ONE’s
condition.

This initialization period will never be longer than 255
clock pulses, and it might profitably be used for a pream-
ble of some harmless ““housekeeping”” information, such
as the day’s date.

It will be noted that three transmission lines are shown
between the sending and receiving unit: one for the clock,
one for the message and one for the initialization feedback
signal. These signals could be multiplexed so they could
be sent on a single telephone line. ™
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in your profession.

BASICS OF CIRCUIT ANALYSIS
FOR PRACTICING ENGINEERS

by Gordon E. Johnson,

Department of Electrical Engineering,
Indiana Institute of Technology

Treating circuit analysis in a volume of this size
(260 pages) is made possible by a unique
approach. Direct current, alternating current
and complex frequency drive are considered as
special cases of exponentially varying sinusoidal
drive. Asingle analysis of exponentially varying
sinusoidal drive replaces the conventional treat-
ment of each type of drive in turn. This results

in greatly reduced volumes of text, provides the
background that gives meaning to Laplace
transform methods and unifies the subject matter
of circuitanalysis. Although the level of mathe-
matics used does not go beyond that of ele-
mentary integral calculus, circuit theory is
developed to the level necessary for the reader
to continue study in related fields such as
electronics, pulse techniques and feedback
control theory. Analogue methods are presented
that make it possible to utilize the electronic
circuit theory developed to the solution of
mechanical vibration problems
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MATERIALS IN ELECTRONICS
by Charles E. Jowett

A survey of the problems involved in the use of
materials in electronics. The essential concepts
of the nature and behavior of the materials used
are covered together with a comparison of those
used in electronics and micro-electronics.
Describes the practices in the application of
materials to the major types of components and
examines the purpose of testing materials.
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decision elements but also from the need for
people to communicate, review and discuss
such factors as part of the total decision process.
This book develops a decision methodology,
including explicit quantitative evaluation models
by adapting decision theory, utility theory and
Bayesian concepts to the needs and require-
ments of systems decision making

(Please cut along this line)

_Basics of Circuit Analysis for Practicing Engineers @ $4.95
- Measurements and Control Applications for Practicing Engineers

Decision and Risk Analysis for Practicing Engineers
_ Applied Nuclear Power for Practicing Engineers
Theory and Techniques of Optimization for Practicing Engineers

__Invention Protection for Practicing Engineers @ $4.95

Probability for Practicing Engineers @ $4.95

Applied Engineering Statistics for Practicing Engineers @ $4.95
Quantitative Management Methods for Practicing Engineers @ $4.95
_____Materials in Electronics @ $24.00

_____Semiconductors @ $49.50

SEMICONDUCTORS
Edited by D. F. Dunster

The first volume in a series of International
Dictionaries of Science and Technology, this
dictionary was compiled by a team of experts
from seven European countries and contains
4,572 entries with definitions and over 5,500
terms in French, German, Italian, Portuguese,
Russian and Spanish. There is an abundance of
detailed technical data with illustrations and
tables and particular attention has been paid to
the complex problems presented by signs,
symbols, measurements and parameters.

37 pages of tables. 200 illustrations. Indices.
1,383 pages $49.50

QUANTITATIVE MANAGEMENT METHODS
FOR PRACTICING ENGINEERS

by Scott Page, Department of

Industrial and Systems Engineering,
University of Houston

Contents: Quantification — The Scientific Process
—Decision Theory —Models-Simple but Useful —
Replacement— Congestion Models — Queuing
Theory —Networks-CPM —Inventory Methods —
Programming — Simulation — Forecasting —
Production Systems — Organizational Models
—Systems. 186 pages cloth $7.95 paper $4.95

THEORY AND TECHNIQUES

OF OPTIMIZATION

FOR PRACTICING ENGINEERS

by Raymond L. Zahradnik, Ph.D.,

Associate Professor of Chemical Engineering,
Carnegie-Mellon University

Contents: Parameter Optimization—Linear and
Quadratic Programming — Geometric Pro-
gramming — Gradient Techniques — Non-Linear
Programming — Discrete Dynamic Programming
—Trajectory Optimization—Continuous Dynamic
Programming —Maximum Principle — Approxi-
mate Techniques and Trajectory Approximization.
260 pages cloth $7.95 paper $4.95

Available in June

APPLIED NUCLEAR POWER

FOR PRACTICING ENGINEERS

by Knud Petersen, Department of
Nuclear Engineering, U. of Puerto Rico
with Donald S. Sasscer, Heriberto Plaza,
Aviva E. Gileadi, Richard Brown Campos
and Robert H. Holyoak

May be used as a quick reference to a particular
problem in applied nuclear power or may be

used as a whole to give the reader a well-rounded
introduction to the topic. AlImost every chapter
treats a subject without depending on the context
of the other chapters yet continuity has been
provided by treating the same example through-
out. 250 pages cloth$9.95 paper $6.95

[J cloth @ $10.95 [ paper @ $7.95

[ cloth @ $9.95 paper @ $6.95
[ cloth@ $9.95 [ paper @ $6.95

| cloth @ $7.95 [ paper @ $4.95
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goes where
hands can’t

ties in less
than a second

adjusts
automatically

to bundle

diameter ,___"Ns ¥

NOW tie
faster than ever hefore

We've eliminated hands from the wire tying and
harnessing operation—the tool does it all. Now
the operator simply applies the tool to a wire
bundle, squeezes the trigger and a nylon
TY-RAP® Tie feeds itself around the
bundle, tightens to a preset tension,

locks securely and the excess nylon

is neatly snipped off flush to the

tie’s head ... in 8/10 of a second.

There is no tool adjustment need-

ed regardless of bundle diameter

from 1/32” to 5/8”. The tool is car-

tridge loaded with 50 standard ties

Write for complete information and see how this
TY-RAP tool will substantially reduce costs.

The Thomas & Betts Co., Elizabeth, N. J. 07207. T:B | THOMAS & BETTS

(201) 354-4321. In Canada, Thomas & Betts Ltd., P.Q. ENGINEERED

Sold only through authorized T&B Distributors Division of Thomas & Betts Corporation
CHECK NO. 26




D)[N] Article Index, January —June, 1972

NOTES: C (Circuit Design Award); F (Design Feature); N (News); P (Progress in Products)

Circuits/Circuit Design

Active filters come in custom varieties with almost off-the-shelf delivery
P, March 15, pg. 91

Analog circuit modules offer advantages in industrial systems

F, March 1, pg. 18

Anti-coincidence circuit prevents loss of data

C, January 1, pg. 73

Automatically tuned filter uses IC operational amplifiers

F, February 1, pg. 38

Bias supply circuit provides constant current

C,May 15, pg. 51

Bucket biiade 1C forms heart of speech compression system
N, Januars | e 18

Buffer/filter extracts WWYV time codes

C, April 1, pg. 51

Build a high-accuracy waveshaping circuit using inexpensive parts
F,June 1, pg. 36

Build a keyboard code-converter with off-the-shelf parts

E, March 15, pg. CH-16

Build an ON-OFF timer using inexpensive ICs

F, April 15, pg. 44

CMOS finally gets it all together

F,June 15, pg. 28

Circuit remembers random data within periodic field

C, February 15, pg. 54

Command detector requires zero standby power

C, June 1, pg. 48

Constant-current generator speeds up wired-OR circuits

C, June 15, pg. 55

Convert NRZ(M) signals to binary with little muss 'n fuss

F, February 15, pg. CH-21

DPM makes selfcontained digital thermometer

C, May 1, pu. 55

DTL delayed one-shot

C, January 15, pg. 48

Design complex active filters with these few equations

F, March 15, pg. 53

Design toroids the easy way, using a computer to find the smallest core
F, February 1, pg. 44

Digital ICs offer new solutions for rough industrial problems

F, February 15, pg. 20

Do you really need fast ladder switches in your D/A converter?
F, January 15, pg. 43

Don’t be confused by IC switching time specifications

F, March 1, pg. 34

Don't forget the optical isolator when solving coupling problems
F, April 15, pg. 26

Don’t leave system grounding to chance

F,January 15, pg. 22

Don't let avoidable reed-relay pitfalls cripple your equipment designs
F, May 15, pg. 26

Don’t neglect the solid-state switch

F, March 1, pg. 44

ECL arithmetic unit performs high-speed binary multiplication
F, May 1, pg. 45

Extra IC insures oscillator start-up

C,May 1, pg. 55

Feedforward-amplifier technique reduces noise and increases usable band-
width

N, March 1, pg. 13

For high-frequency communications equipment use balanced modulators
F, February 15, pg. 28

Gating circuit detects positive or negative peaks

C,May 1, pg. 54

Graphs yield circuit Q for gyrators and other synthetic reactive elements
F,June 1, pg. 45

Have a 50V swing on a 30V supply

F,January 1, pg. 59

Here they are . . the winners of the EDN creative design contest
F,June1,pg. 19

High-gain ac/dc oscilloscope amplifier

C, February 1, pg. 56

High performance push-pull circuit boasts low power-losses

F, April 1, pg. 30

High speed circuit converts binary to BCD

C, March 15, pg. 64

High speed circuit detects phase-difference

C, April 15, pg. 52

High-voltage source follower

C, February 1, pg. 58

IC op amps make inexpensive instrumentation amplifiers

C, May 15, pg. 52

IC op amps simplify regulator design

F, January 15, pg. 30

IC power supply provides test spikes or level shifts

C, April 15, pg. 54
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N, March 1, pg. 14

Incandescent lamps mate well with silicon photosensors

F,January 1, pg. 44

J-FET generates clear or preset commands for low-power TTL

C, February 15, pg. 56

JFET switched resistor controls gain of op amps

C, April 1, pg. 50

Keeping up with new dimensions in IC applications

F, March 15, pg. 42

Kitchen stove uses solid-state oscillator

N, February 15, pg. 13

Latching circuit provides noise immunity

C, February 1, pg. 56

Linear signal compressor has wide dynamic range

C, March 1, pg. 50

Logic probe tests three-state logic ciruits

C, February 15, pg. 56

Low-cost IR system detects intruders

C, March 15, pg. 62

Low-power digital phase locked loop utilizes CMOS logic

F, March 15, pg. 36

Memory topics cover wide span at ISSCC

N, March 15, pg. 19

Minimize overlap to maximize efficiency in saturated push-pull circuits
F, February 1, pg. 48 .

Modular power supply line comes in three sizes and spans 44 models
P, February 15, pg. 65

Multiplexing doesn’t have to be limited to communications applications
F, April 1, pg. 18

Need precise power pulses? Here are four ways to get them.

F, February 15, pg. 48

New hydrogen laser emits at 1161A . . . the shortest laser wavelength to
date

N, April 1, pg. 16

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

No-tuneup 50,000 mile ignition system helps cut auto pollution

N, March 15, pg. 22

One CMOS package makes universal logic probe

C, June 15, pg. 56

One circuit performs both binary-to-BCD and BCD-to-binary conversions
F, May 15, pg. 55

One-shot multivibrator has delayed output

C, June 15, pg. 54

One shot triggers on both edges

C, February 15, pg. 55

One transistor improves IC voltage regulator

C, May 15, pg. 51

Op amps teamed with mini-inductors yield circuits with infinite “Q"’

F, April 1, pg. 38

Optical coupler and level shifter

C, February 1, pg. 55

PRF monitor with adjustable end limits

C, February 1, pg. 57

PUT oscillator has 4-decade frequency range

C, March 1, pg. 50

Phase modulator has broad bandwidth

C, March 15, pg. 63

Precision oscillator is versatile

C, April 1, pg. 49

Programmable modulo up/down counter makes a flexible timer

F, April 15, pg. 30

Pulse technique determines series inductance of a resistor

C,June 1, pg. 49

Quad flip-flop wins National/EDN Tri-State logic design contest

F,June 15, pg. 48

R&D famine leaves ISSCCinrut . .
N, March 15, pg. 18

Reduce integrator transients with synchronized gate signals
C, January 15 pu. 46

SCRs form electronic combination lock

C, April 1, pg. 51

Selective filter for low frequencies

C, January 15, pg. 46

Self-adjusting zener circuit wins EDN’s '71 contest

N, May 15, pg. 22

Silicon unilateral switches detect initial event

C,June 1, pg. 47

Simple IC meter amplifier circuit measures 100 nA full-scale
F, April 15, pg. 40

Simple linear PLL demodulator uses discrete components
F, April 15, pg. 34

Single-amplifier active filters give stable Q

F,January 1, pg. 65

Single-digit BCD adder uses 3 ICs

. butsome new developments emerge
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C, March 1, pg. 52

Smgle IC makes hlgh level logic probe

C, March 15, pg. 6

Slngle oE amp relaxatlon oscillator generates linear ramp output
C,March 1, pg. 5

Single- voltage cnrcunt generates “‘power-on’’ reset pulse

C, January 1, pg. 72

Solid-state T00W amplifier operates from a 12V source

F, March 1, pg. 46

Speak out on op-amp testers

F,January 1, pg. 50

Stepping-motor controller costs little but performs well

F, May 15, pg. 34

Super-stable reference-voltage source Best design of 1971

C, May 15, pg. 50

Surface-wave detectors hold promise of fully programmable filters
N, February 1, pg. 23

TTL pipeline multipliers double multiplication rate

F, May 1, pg. 48

Temperature-coefficient measuring circuit

C, February 1, pg. 54

Test box indicates logic levels for entire IC

C,June 1, pg. 48

Test IC voltage regulators with one general-purpose circuit

F, May 15, pg. 40

Test op amps the easy way with simple step-by-step methods
F, March 1, pg. 28

Thirty-second timer uses IC one-shot

C,January 1, pg. 73

Timer produces time delay from usecs to hours

C, April 15, pg. 53

Transistor circuit speeds synch time of phase locked oscillator
C, June 15, pg. 54

Triac gating circuit

C, January 1, pg. 72

Triangle-wave circuit has wide range controls

C, April 1, pg. 50

2 CMOS gates convert counter into capacitance meter

C, April 15, pg. 53

Two switching regulators for battery-powered systems

F, February 15, pg. 40

2 TTL packages convert BCD up-counter for down counting
C, June 15, pg. 55

Two-tone test generator delivers high-purity output

F, March 15, pg. 50

Use a single op-amp circuit for many instrumentation problems
F, April 1, pg. 32

Yes, you can design Butterworth or Chebyshev active filters with gain
F,June 15, pg. 40

Communications

Acoustic systems allow handwritten data to be sent on phone lines
N, June 15, pg. 18

Bucket brigade IC forms heart of speech compression system

N, January 1, 1972, pg. 18

Buffer/filter extracts WWV time codes

C, April 1, pg. 51

Build a keyboard’code converter with off-the-shelf parts

F, March 15, pg. CH-16

Comlng on TV: Faster and more information election-night returns
N, May 1, pg. 15

Convert NRZ(M) signals to binary with little muss 'n fuss

F, February 15, pg. CH-21

Digital cartridges . . . New steps in many right directions

F, April 1, pg. 26

Digital cassettes . . . growing like wonderful weeds

F, February 1, pg. 28

Digitally controlled microwave attenuator has stable characteristics
P, February 15, pg. 67

Electronic typewrlter/prlnter challenges IBM in low speed market
P, April 1, pg. 54

Fegdliorward -amplifier technique reduces noise and increases usable band-
widtl

N, March 1, pg. 13

Fingerprint transmission via satellite proves feasible

N, February 15, pg. 14

For high-frequency communications equipment use balanced modulators
F, February 15, pg. 28

For the communication system of the future: low-loss optical fibers
N, May 15, pg. 18

Flying clocks test relativity theory

N, January 15, pg. 17

Hand is scanned for positive identification

N, January 1, pg. 17

High-speed printer mates neatly with minicomputers

P, February 1, pg. 64

Holography may bring world’s art treasures to millions

N, May 15, pg. 19

How effective are data transmission redundance checks?

F,June 15, pg. 66

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Keeping up with new dimensions in IC applications

F, March 15, pg. 42

Low-cost alphanumeruc data terminal fills price — performance gap between
full-scale vudeo dISp|ayS and teletypewriters

P, June 1,

Low-cost uble balanced mixers increase in performance

P, February 15, pg. 67

Memory topics cover wide span at ISSCC

N, March 15, pg. 19

Miniaturized x-band antenna is not only small but extremely rugged too

N, April 1, pg. 15

Mlmcomputers shoulder the data communications burden for large comput-
er systems

N, June 1, pg. 15

Multiplexing doesn’t have to be limited to communications applications

F, April 1, pg. 18

Multiplexing system processes 13,000 signals

N, February 15, pg. 12

NBS breakthrough yields frequency measurements at 88 THz

N, March 1, pg. 12

New hydrogen laser emits at 1161A . .
date

N, April 1, pg. 16

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

PUT oscillator has 4-decade frequency range

C, March 1, pg. 50

R&D famine leaves ISSCCinrut . .
N, March 15, pg. 18
Radio-location techniques and computer locate police cars in metropolitan
area

N, April 1, pg. 17

$6 billion security market foreseen by '76 —an electronics boon

N, January 1, pg. 18

Solar energy holds promise of long-life lasers for use in space communica-
tions

N, March 15, pg. 23

Solid-state 100W amplifier operates from a 12V source

F, March 1, pg. 46

Solid-state video camera promises improvements in size and performance

N, May 1, pg. 16

Speak out on plated-wire memories

Speak out, March 1, pg. 40

Technique vyields high-quality holographic images from ordinary light
sources

N, May 1, pg. 15

The ABCs of asynchronous data transmission

F, February 15, pg. 34

Tiniest gas laser yet developed is a waveguide type only 2 in. long and 0.02
in. in diameter

N, June 1, pg. 15

. the shortest laser wavelength to

. but some new developments emerge

Components/Modules

Accuracy to within a few minutes per year is possible with three-piece quartz
electronic wristwatch set

N, April 1, pg. 17

Analog circuit modules offer advantages in industrial systems
F,March 1, pg. 18

Design toroids the easy way, using a computer to find the smallest core
F, February 1, pg. 44

Design your own rack-and-panel connectors with modular connector kit
P,June 1, pg. 51

Do you really need fast ladder switches in your D/A converter?
F,January 15, pg. 43

Don't forget the optical isolator when solving coupling problems

F, April 15, pg. 26

Don't let avoidable reed-relay pitfalls cripple your equipment designs
F, May 15, pg. 26

For the communication system of the future: low-loss optical fibers
N, May 15, pg. 18

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Keyboards —the indispensible link between man and machine
F,June 1, pg. 26

Kitchen stove uses solid-state oscillator

N, February 15, pg. 13

Low-cost double-balanced mixers increase in performance

P, February 15, pg. 67

Miniature switches shrink in size yet pack a lot of punch

F, March 15, pg. 28

Modular power-supply line comes in three sizes and spans 44 models
P, February 15, pg. 65

New capacitors fill the gap between aluminum and tantalum

P, February 15, pg. 66

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

1-usec sample-hold module allows 12-bit, 140-kHz throughput

P, May 15, pg. 64

Op amps teamed with mini-inductors yield circuits with infinite “Q’"
F, April 1, pg. 38

Power supplies trade regulation for cost

P, February 1, pg. 61

Pulse technique determines series inductance of a resistor

C, June 1, pg. 49

Reed switch senses temperature limits and resets automatically

P, February 15, pg. 66

Ribbon cable breakthrough: crosstalk reduced to under 4%

N, June 15, pg. 16

Slmple linear PLL demodulator uses discrete components

F, April 15, pg. 34

The magnetoresistor: A very simple solid-state transducer

F,January 15, pg. 36

47



Tiniest gas laser yet developed is a waveguide type only 2 in. long and 0.02
in. in diameter
N, June 1, pg. 15

Computers/Data Processing

Algebraic calculator uses conversational language for solving complex equa-
tions

P, March 15, pg. 90

Analog circuit modules offer advantages in industrial systems

F, March 1, pg. 18

Are your worst-case tests for core memory delta noise valid?

F, June 15, pg. 59

BASIC language programs generate root locus plots

F,June 1, pg. 40

Buying a minicomputer? Ask these questions first

F, May 1, pg. 20

Computer graphics —who needs it? A lot more people than you think
F,January 15, pg. CH16

Computer to help make typing lessons easy

N, January 15, pg. 17

Conserve memory power through switching

F,January 15, pg. CH10

Convert NRZ(M) signals to binary with little muss 'n fuss

F, February 15, pg. CH-21

Digital cartridges . . . New steps in many right directions

F, April 1, pg. 26

Digital cassettes . . . growing like wonderful weeds

F, February 1, pg. 28

Do you really need fast ladder switches in your D/A converter?

F, January 15, pg. 43

ECL arithmetic unit performs high speed binary multiplication

F, May 1, pg. 45

Electronic typewriter/printer challenges IBM in low speed market
P, April 1, pg. 54

Fingerprint transmission via satellite proves feasible

N, February 15, pg. 14

Floppy discs begin to enter the mini-mass-memory arena.

N, April 15, pg. 16

Flying clocks test relativity theory

N, January 15, pg. 17

Future memory systems: monolithic semiconductor

N, January 15, pg. CH6

Hand is scanned for positive identification

N, Janaury 1, pg. 17

High speed printer mates neatly with minicomputers

P, February 1, pg. 64

How effective are data transmission redundance checks?

F,June 15, pg. 66

How to tailor your memory needs with a minimum of external parts
F, May 15, pg. 60

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Keeping up with new dimensions in IC applications

F, March 15, pg. 42

Low-cost alphanumeric data terminal fills price —performance gap between
full-scale video displays and teletypewriters

P,June 1, pg. 51

Low-cost calculator on a single chip

P, January 1, pg. 79

Memory topics cover wide span at 1ISSCC

N, March 15, pg. 19

Microprogramming leads to an efficient virtual computing system
F, February 15, pg. CH-14

Mini power supply put on PC backplane

N, February 1, pg. 18

Minicomputers shoulder the data communications burden for large comput-
er systems

N, June 1, pg. 15

Multiplexing system processes 13,000 signals

N, Fegruary 15, pg. 12

R&D famine leaves ISSCC inrut. .
N, March 15, pg. 18
Ribbon cable Ereakthrough' crosstalk reduced to under 4%

N, June 15, pg. 16

S]CC has mis-match between exhibits and papers but is still worth attending
N, May 1, pg. 14

Semiconductor memories —the speed and density gaps close
N, January 15, pg. 12

Single-digit BCD adder uses 3 1Cs

C, March 1, pg. 52

Speak out on plated-wire memories

Speak out, March 1, pg. 40

TTL pipeline multipliers double multiplication rate

F, May 1, pg. 48

The ABC's of asynchronous data transmission

F, February 15, pg. 34

. but some new developments emerge

Displays

Computer graphics —who needs it? A lot more people than you think
F,January 15, pg. CH16

Don't let LED output measurements throw you.

F,January 1, pg. 54

Helmet mounted sighting device aims weapons where pilot looks

N, March 15, pg. 24

High-voltage monolithic technology permits 200V gas-display drivers
P, March 15, pg. 89
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Holography may bring world’s art treasures to millions

N, May 15, pg. 19

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Incandescent lamps mate well with silicon photosensors

F, January 1, pg. 44

Low-cost alpﬁanumeric data terminal fills price —performance gap between
full-scale video displays and teletypewriters

P,June 1, pg. 51

Memory topics cover wide span at ISSCC

N, March 15, pg. 19

Miniature-lamp prices cut in half with high-speed automatic machine

N, February 1, pg. 23

R&D famine leaves ISSCCinrut. .
N, March 15, pg. 18

$6 billion security market foreseen by '76 —an electronics boon

N, January 1, pg. 18

Technique yields high-quality holographic images from ordinary light
sources

N, May 1, pg. 15

. but some new developments emerge

Instrumentation

Accuracy to within a few minutes per year is possible with three-piece quartz
electronic wristwatch set

N, April 1, pg. 17

Active filters come in custom varieties with almost off-the-shelf delivery

P, March 15, pg. 91

Algebraic calculator uses conversational language for solving complex equa-
tions

P, March 15, pg. 90

Analog circuit modules offer advantages in industrial systems

F, March 1, pg. 18

Automatically tuned filter uses IC operational amplifiers

F, February 1, pg. 38

Buffer/filter extracts WWV time codes

C, April 1, pg. 51

Build a high-accuracy waveshaping circuit using inexpensive parts

F,June 1, pg. 36

Counter/power-supply/signal-source plug-ins introduced by Tektronix

P, June 1, pg. 50

DPM makes self-contained digital thermometer

C, May 1, pg. 55
Digital cartridges . .
F, April 1, pg. 26
Digital cassettes . .
F, February 1, pg. 28
Digital ICs offer new solutions for rough industrial problems

F, February 15, pg. 20

D|;,|ta| readout g gain-phase meter spans 1Hz to 13 MHZ

P, January 15, pg. 51

Diodes avoid accidental damage from power-supply sensing

C, April 1, pg. 52

Donald Wilkin of HP speaks on the scope versus the logic probe for digital
testing

F, May 15, pg. 46

Don’t leave system grounding to chance

F, January 15, pg. 22

Don't let avoidable reed-relay pitfalls cripple your equipment designs

F, May 15, pg. 26

El'l‘ectromechanical generator produces clean waveforms of any desired
shape

N, February 15, pg. 17

Family of A/D converters combines low cost with high performance

P, April 1, pg. 55

Front-panel magic sells a product

F,January 15, pg. 44

Fully-programmable synthesizer sets standards in sophistication

P, March 1, pg. 55

Glass sphere floats in laser beam

N, January 1, pg. 21

Hand sized scientific calculator packs a big wallop in only 9 ounces
N, February 1, pg. 22

High-gain ac/dc oscilloscope amplifier

C, February 1, pg. 56

ng,h -speed printer mates neatly with minicomputers

P, February 1, pg. 64

How effective are data-transmission redundance checks?

F, June 15, pg. 66

How to tailor your memory needs with a minimum of external parts

F, May 15, pg. 60

IC mulnplexer puts zip into digital swnchmg matrix

F,May 1, pg. 51

IC op amps rnake inexpensive instrumentation amplifiers

C, May 15, pg.

IC power supply provides test spikes or level shifts

C, April 15, pg. 54

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Implanted heart pacemaker is recharged without surgery

N, February 15, pg. 12

JFET switched resistor controls gain of op amps

C, April 1, pg. 50

Linear signal compressor has wide dynamic range

C, March 1, pg. 50

Low-cost IR system detects intruders

C, March 15, pg. 62

Make true rms measurements with your own modules

F,January 1, pg. 34

. New steps in many right directions

. growing like wonderful weeds
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Multiplexing doesn’t have to be limited to communications applications

F, April 1, pg. 18

Multiplexing system processes 13,000 signals

N, February 15, pg. 12

Cr;lew hydrogen laser emits at 1161A . . . the shortest laser wavelength to
ate

N, April 1, pg. 16

Optical coupler and level shifter

C, February 1, pg. 55

Portable scopes approach pocket size

P, January 1, pg. 76

Silicon unilateral switches detect initial event

C,June 1, pg. 47

Simple IC meter amplifier circuit measures 100 nA full-scale

F, April 15, pg. 40

Single module combines instrument amp and A/D converter

F, April 15, pg. 57

Temperature-coefficient measuring circuit

C, February 1, pg. 54

Test box indicates logic levels for entire IC

C,June 1, pg. 48

Test op amps the easy way with simple step-by-step methods

F,March 1, pg. 28

The magnetoresistor: A very simple solid-state transducer

F, January 15, pg. 36

Tiny, high-performance log/antilog amplifier has a low $55 price

P, May 1, pg. 57

Tiny new DPM’s operate from logic supplies

P, February 1, pg. 60

2 CMOS gates convert counter into capacitance meter

C, April 15, pg. 53

Two switching regulators for battery-powered systems

F, February 15, pg. 40

2 TTL packages convert BCD up-counter for down counting

C, June 15, pg. 55

Two-tone test generator delivers high-purity output

F, March 15, pg. 50

Use a single op-amp circuit for many instrumentation problems

F, April 1, pg. 32

Versatile programmer is truly universal

P, February 1, pg. 62

Management/Interface

Can an EE use market forecasts to plan his career

F, March 15, pg. 56

IEngilneering enrollments down sharply at both graduate and undergraduate
evels

N, April 1, pg. 15

IEEE INTERCON, the worst appears to be over

F, March 15, pg. 66

IEEE-INTERCON technical sessions feature over 275 papers
N, March 1, pg. 14

Need a job? So what else is new?

F, April 15, pg. 48

What about medical electronics as a new career field?

F, February 15, pg. 50

What kind of an engineer are you?

E, March 1, pg. 9

Materials

Decapsulation process permits low-cost refurbishing of obsolete or defective
equipment

P, February 15, pg. 66

Elastomer material holds promise of improving electrical connections

N, June 15, pg. 17

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

Packaging

Decapsulation process permits low-cost refurbishing of obsolete or defective
equipment

P, February 15, pg. 66

Design your own rack-and-panel connectors with modular connector kit
P, June 1, pg. 51

Elastomer material holds promise of improving electrical connections

N, June 15, pg. 17

Floppy discs begin to enter the mini-mass-memory arena.

N, April 15, pg. 16

Front-panel magic sells a product

F, January 15, pg. 44

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Mini power supply put on PC backplane

N, February 1, pg. 18

Miniature-lamp prices cut in half with high-speed automatic machine

N, February 1, pg. 23

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

Thermal symmetry yields high gain op amp

F, April 1, pg. 40

Semiconductors

Accuracy to within a few minutes per year is possible with three-piece quartz
electronic wristwatch set

N, April 1, pg. 17

Automatically tuned filter uses IC operational amplifiers

F, February 1, pg. 38

Bucket brigard IC forms heart of speech compression system

N, January 1, pg. 18

Build an ON-OFF timer using inexpensive ICs

F, April 15, pg. 44

CMOS finally gets it all together

F, June 15, pg. 28

Charged coupling devices (CCDs) are knocking at the door

N, April 1, pg. 14

Combinations of established techniques result in new MOS RAM

F, March 15, pg. CH-8

Complete monolithic D/A converter provides 10-bit resolution
P,June 1, pg. 52

Digital ICs offer new solutions for rough industrial problems

F, February 15, pg. 20

Don’t be confused by IC switching time specifications

F, March 1, pg. 34

Don't forget the optical isolator when solving coupling problems

F, April 15, pg. 26

Don‘t neglect the solid-state switch

F, March 1, pg. 44

ECL arithmetic unit performs high-speed binary multiplication

F, May 1, pg. 45

Future memory systems: monolithic semiconductor

N, January 15, pg. CH6

High-voltage monolithic technology permits 200V gas display drivers
P, March 15, pg. 89

IC multiplexer puts zip into digital switching matrix

F,May 1, pg.51

IC op amps make inexpensive instrumentation amplifiers

C,May 15, pg. 52

IC op amps simplify regulator design

F, January 15, pg. 30

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

Keeping up with new dimensions in IC applications

F, March 15, pg. 42

Latest monolithic D/A switches surmount earlier problems

P, February 1, pg. 63

Logic probe tests three-state logic circuits

C, February 15, pg. 56

Low-cost calculator on a single chip

P, January 1, pg. 79

Low-power digital phase locked loop utilizes CMOS logic

F, March 15, pg. 36

Low-power Schottky MSI circuits debut in standard packages or beam-lead
chips

P, May 15, pg. 62

Memory topics cover wide span at ISSCC

N, March 15, pg. 19

New 50A Schottky diode achieves long-term stability

P, March 1, pg. 54

New semiconductor devices promise efficient, economical transient sup-
pression

N, January 15, pg. 16

One CMOS package makes universal logic probe

C, June 15, pg. 56

One-chip CPU available for low-cost dedicated computers

P, January 15, pg. CH21

One transistor improves IC voltage regulator

C, May 15, pg. 51

R&D famine leaves ISSCCinrut . .
N, March 15, pg. 18
Semiconductor memories —the speed and density gaps close
N, January 15, pg. 12

Simple IC meter amplifier circuit measures 100 nA full-scale
F, April 15, pg. 40

Simple linear PLL demodulator uses discrete components
F, April 15, pg. 34

Single IC makes high level logic probe

C, March 15, pg. 63

TTL pipeline multipliers double multiplication rate
F,May 1, pg. 48

Thermal symmetry yields high gain op amp

F, April 1, pg. 40

Thirty-second timer uses IC one-shot

C, January 1, pg. 73

Timer produces time delay from usecs to hours

C, April 15, pg. 53

Triac gating circuit

C, January 1, pg. 72

2 TTL packages convert BCD up-counter for down counting
C, lune 15, pg. 55

Versatile programmer is truly universal

P, February 1, pg. 62

. but some new developments emerge

Systems

Semiconductor memories —the speed and density gaps close
N, January 15, pg. 12

IEEE-INTERCON technical sessions feature over 275 papers
N, March 1, pg. 14

Future memory systems: monolithic semiconductor
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N, January 15, pg. CH6

Digital ICs offer new solutions for rough industrial problems

F, February 15, pg. 20

Bucket brigard IC forms heart of speech compression system

N, Janaury 1, pg. 18

Analog circuit modules offer advantages in industrial systems
F,March 1, pg. 18

Automated checking of keyboards is a breeze

N, January 15, pg. CH4

BASIC language programs generate root locus plots

F,June 1, pg. 40

Buying a minicomputer? Ask these questions first

F,May 1, pg. 20

Diodes avoid accidental damage from power supply sensing

C, April 1, pg. 52

Don’t leave system grounding to chance

F, January 15, pg. 22

Don’t let avoidable reed-relay pitfalls cripple your equipment designs
F, May 15, pg. 26

Feedforward amplifier technique reduces noise and increases usable band-
width

N, March 1, pg. 13

Flying clocks test relativity theory

N, January 15, pg. 17

Glass sphere floats in laser beam

N, January 1, pg. 21

Hand is scanned for positive identification

N, January 1, pg. 17

Helmet mounted sighting device aims weapons where pilot looks
N, March 15, pg. 24

Holography may bring world’s art treasures to millions

N, May 15, pg. 19

How to tailor your memory needs with a minimum of external parts
F, May 15, pg. 60

Know the pitfalls of modular power-supply applications

F, May 1, pg. 32

Match your power supply to your system’s needs

F, May 1, pg. 40

Minicomputers shoulder the data communications burden for large comput-
er systems

N, June 1, pg. 15

Multiplexing system processes 13,000 signals

N, February 15, pg. 12

NBS breakthrough yields frequency measurements at 88 THz

N, March 1, pg. 12

New techniques for millimeter microstrip unveiled at International Micro-
wave Symposium

N, June 1, pg. 14

PRD enters commercial automatic test market

N, January 15, pg. CH5

Ribbon cable breakthrough: crosstalk reduced to under 4%

N, June 15, pg. 16

Solar energy holds promise of long-life lasers for use in space communica-
tions

N, March 15, pg. 23

The ABC’s of asynchronous data transmission

F, February 15, pg. 34

Two switching regulators for battery-powered systems
F, February 15, pg. 40

Test & Measurement

Algebraic calculator uses conversational language for solving complex equa-
tions

P, March 15, pg. 90

Automated checking of keyboards is a breeze

N, January 15, pg. CH4

Counter/power-supply/signal-source plug-ins introduced by Tektronix
P, June 1, pg. 50

Digital-readout gain-phase meter spans 1Hz to 13 MHZ

P, January 15, pg. 51

Donald Wilkin of HP speaks on the scope versus the logic probe for digital
testing

F, May 15, pg. 46

Don't let LED output measurements throw you.

F,January 1, pg. 54

15-MHz, k mV/div. dual-trace scope retails at only $845

P, April 1, pg. 55

Flying clocks test relativity theory

N, January 15, pg. 17

Fully programmable synthesizer sets standards in sophistication
P, March 1, pg. 55

Hand is scanned for positive identification

N, January 1, pg. 17

High-gain ac/dc oscilloscope amplifier

C, February 1, pg. 56

Holography may bring world’s art treasures to millions

N, May 15, pg. 19

IEEE-INTERCON technical sessions feature over 275 papers

N, March 1, pg. 14

IC power supply provides test spikes or level shifts

C, April 15, pg. 54

Multiplexing system processes 13,000 signals

N, February 15, pg. 12

PRD enters commercial automatic test market

N, January 15, pg. CH5

Portable 4-1/2 digit multimeter with 14 ranges introduced at $650
P, May 1, pg. 57

Portable scopes approach pocket size

P, January 1, pg. 76

Speak out on op amp testers

January 1, pg. 50

Test IC voltage regulators with one general-purpose circuit

F, May 15, pg. 40

Test op amps the easy way with simple step-by-step methods

F, March 1, pg. 28

Tiny new DPM'’s operate from logic supplies

P, February 1, pg. 60

2 CMOS gates convert counter into capacitance meter

C, April 15, pg. 53

Staggered fingers
let case-mounted semi’s
work harder in

less space

Now you can safely operate such
devices as TO-3, TO-6, TO-66, plas-
tics, at many times their bare case
power rating using our patented
Staggered Finger dissipators. We've

got over 70 different models with dissipa-
tion capabilities ranging from 3 to 35
watts in natural convection, up to 125

watts in forced air. Why are
they better? Staggered Finger
design increases dissipating sur-
face, cuts re-radiation, and pro-
duces turbulence in forced air. Send
for catalog. IERC, 135 W. Magnolia Blvd.,
Burbank, Calif. 91502, a Corporate Divi-
sion of Dynamics Corporation of America.

IERC

Heat Sinks

CHECK NO. 51



1000/0 testing proves
every Electrocube ACrated
polycarbonate capacitor is
a sure thing.

Even with derating, a DC unit can pop if its DF isn't right
for the frequency. So we build these metallized units just for
AC, and screen them 100% so you know they'll go 115 VAC
at 400 Hz. These aren't derated DC units. Choose from 241
different units. Values are from .0010 to 2.0 mfd, in six case
styles.

We'll send you data sheets and a bulletin on problems in
using DC capacitors for AC applications.

Call (213) 283-0511, TWX 910-589-1609, or write to 1710
South Del Mar Avenue, San Gabriel, California 91776

g“ slectiocube

Capacitors, EMI filters
ballasts

RC networks, transformers

CHECK NO. 27
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FINGER BUSS

BUSIEO
GEW 1§

Akl
TOGETHER...

STRIP BUSS

For less. Circuit board busses replace

multi layer boards. Clip-on buss eliminates
soldering and wrapping. Noisy, bulky wire ~
harnesses are replaced by laminated buss bars.

Call Bussco today.

BUSSCO ENGINEERING INC.
119 Standard St. * El Segundo, Ca. 90245

CHECK NO.

* (213) 322-6580 *TWX: 910-348-6295
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DIRECTORY OF ENGINEERING
SOCIETIES AND RELATED
ORGANIZATIONS.

252 pgs. Jan. 1970. EJC's compi-
lation of data on more than 300
national, regional and internation-
al organizations concerned with
engineering.

101-70 $8.00

FACT-FILLED PUBLICATIONS YOU CAN USE

ENGINEERS’ SALARIES—SPECIAL
INDUSTRY REPORT—1970.

136 pgs. Jan. 1971. Detailed sal-
ary curves and tables by industry,
degree level, supervisory status,
region, and size. Specially de-
signed for personnel administra-
tors.

301-70 $35.00

¥ ENGINEERS OF DISTINCTION
INCLUDING SCIENTISTS IN
RELATED FIELDS.

457 pgs. Nov. 1970. Directory
lists 4,500 engineers and scien-
tists. Contains biographies and
tabulates and describes national
awards by societies, with recipi-
ents. Lists officers and directors
of 76 national engineering and
scientific societies.
107F Flexible Cover
107H Hardbound Cover

ENonEE

Ll
\\‘%“"gﬁ..—
ot

L

$18.00
$25.00

LEARNING RESOURCES.

A directory for engineers, scien-
tists, managers and educators.
Contains descriptive information
about courses, seminars, confer-
ences, workshops, and other con-
tinuing education activities in the
USA and Canada. Cross-indexed
by subject, location and date for
easy reference. Updated and is-
sued 3 times a year.

104  $50.00 Yearly Subscription

Order by Number from Engineers Joint Council, Dep’t PW 345 East 47th Street New York, N.Y. 10017

\

THESAURUS OF ENGINEERING
AND SCIENTIFIC TERMS.

696 pgs. Dec. 1967. A standard-
ized vocabulary reference for use
in information storage and re-
trieval systems. It is a major re-
vision and expansion of the EJC
Thesaurus of Engineering Terms
(1964). Over 23,000 main entries
include 18,000 preferred terms
and 5,000 cross-references. Three
indexes have been added to in-
crease usefulness. The new book
is the result of a cooperative ef-
fort of EJC and the Dept. of De-
fense. [Flexible covered out of
print.]

S07H $25.00

Orders for less than $10
MUST BE PREPAID

&
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SIN] DESIGN AWARDS

Sine-wave synthesizer has low harmonic distortion

" Lee J. Mandell

This circuit is used to synthesize a sinewave with harmon-
ic distortion of less than —50 db. It is basically a transver-
sal-digital filter, whose coefficients are chosen to perform
this task. The theory and electrical operation of the circuit
are described below.

Theory of operation

A square wave consists of sine waves at the prime fre-
quency and at all odd harmonics and thus is not suitable
for data transmission. It is desirable to reduce the ampli-
tude of each harmonic to well below —40 db so as to ob-
tain a single sine wave of the prime frequency with har-
monic distortion of less than —40 db. To do this, the
square wave is passed through a filter whose resonant fre-
quency is at the prime frequency. This will greatly reduce
all harmonics. It is shown that a filter whose impulse re-
sponse is that of a constant sinusoid will be a resonant fil-
ter. This filter can be approximated by using resistors to
weight data as it passes through a 16-bit shift register,
where the weighting corresponds to the amplitude of a
sinusoid at each sampling interval.

This results in a sine wave sampled at 16 times its frequen-
cy. Thus, it has theoretically no harmonics below the
sampling frequency or 16th harmonic. A simple RC filter
may now be used to filter out the remaining harmonics.

Electrical operation

A clock whose repetition rate is 16 times the desired
frequency is the input to this circuit (any duty cycle will
work equally as well). A 4-bit ripple counter (SN 74193)
divides this down to provide a square wave of the desired
frequency. This square wave is then sampled 16 times per
cycle and shifted down the 16-bit shift register (SN 7495).
The value is weighted at each point of the shift register by
a resistor whose value is 1/W. (Note that when W = O,
the resistor will not be present). The resistors are grouped
depending upon whether W is negative or positive and
then a 741 is used to obtain the difference which is the
sampled sine wave. The feedback resistor may be varied
for a 40-db range of output amplitudes. A capacitor (C,,C,)
value is chosen to eliminate the higher harmonics. The
resulting sine wave will have harmonic distortion of less
than =50 db. ™

To Vote For This Circuit
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Sine-wave synthesizer is essentially a transversal digital filter with components selected to suppress harmonics present on the input square
wave to less than —40 db, obtaining a prime frequency sine wave.
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Three IC’s accurately sense pulse rate

John W. Poore
General Dynamics Pomona, Calif.

Many applications arise for accurate pulse rate detection
where extreme accuracy, such as that of a frequency
counter, is not required. The circuit shown indicates when
the input pulse rate is above (or below) a set point. The
output is high for frequencies above the set point, and low
for frequencies below the set point. Set point stability was
measured over a 0°F to 200°F range using a mylar capaci-
tor for C,, and a set point of 10 kHz. The maximum shift
in set point frequency over temperature was less than
0.7%. Set point frequency is the reciprocal of the one-shot
delay time, i.e. f, = 1/(0.32R,C,). R, C,, G,(A) and G,(B)
generate a spike at the rising edge of the input signal. The
one-shot (FF,) delay time is affected by pulse width at its
input terminal; adding the spike generator makes the cir-
cuit virtually insensitive to the input signal on-time or off-
time. The rising edge of the input signal causes a spike at
FF,’s and G,(D)’s input. The leading edge of the pulse from
the one-shot sets FF,(A). If another rising edge of the input
signal (and thus another spike) occurs during the one-shot
delay time, G (D) gates a reset pulse to FF,(A). The trailing
edge of the pulse from the one-shot clocks FF,(B) thus
sampling FF,(A)'s output. This provides a stable output.
Two of these circuits can be used to bracket pulse
rates. O

INPUT s Al
o—4-1T, iy

y = '
= PULL-UP ; 470pF
+HV Sl
0.01uf | 2
GNDO—%- ‘

—
-

QOUTPUT
(BELOW)

OUTPUT
(ABOVE)

REF | TYPE +5V [ PULL-UP [GND
G, | SN7400N | 14 7
FF, | SNGATZTN [ 14 5 7

3 SN7474N 149, 4,70, 13 F

Pulse rate of the input signal is accurately sensed using only 3
ICs. Two such circuits, one set to the upper limit and one to the
lower can be used for constant frequency monitoring.

To Vote For This Circuit
Circle 151

Op amp oscillator is voltage or resistance controlled

Kenneth D. Ceola
Honeywell, Hopkins, Minn.

This circuit serves as both a resistance and/or voltage con-
trol oscillator. Voltage controlled oscillation is accom-
plished by commutating voltages at point A, which estab-
lishes a threshold on the operational amplifier. Resistance-
controlled oscillation is accomplished by commutating

Q, OFF TIME

28t -Vpg

=R n  —
ge B — Vo 0

) Q, ON TIME

Re + R
¥R(CqyIn [(a* ~ Vg SAT "’“J‘Jms )]
Vp4 = Diode D, voltage drop
P V,, = Emitter base drop of Q,

Ve SAT = Saturated drop of Q,
R, f emitter to collector

-+
OP AMP THRESHOLD * e

Voltage/Resistance-controlled oscillator can be frequency co.i-
trolled by voltage level at input A or resistance value seen at point
B or both. Active components A, and Q, are not identified specifi-
cally because they must be selected according to frequency/power
requirements of your design.

resistances at point B. The equations show how the period
is dependent on the op amp threshold and/or the resis-
tance at point B to ground.

The circuit is useful in systems where transducers with
voltage and resistance outputs are used to monitor desired
parameters. The output of the oscillator can be used to
modulate a transmitter, rather than having separate resis-
ance and voltage controlled modulators. =

To Vote For This Circuit
Circle 152

1

Your vote determines this issue’s winner. All cir-
cuits published win a $25 U.S. Savings Bond. All
issue winners receive an additional $50 U.S. Sav-
ings Bond and become eligible for the annual
$1000 U.S. Savings Bond Grand Prize.

Vote now, by circling the appropriate number on
the reader inquiry card.

Submit your own circuit, too. Mail entries to Cir-
cuit Design Program Editor, EDN/EEE, 221 Colum-
bus Ave., Boston, MA 02116.

Readers have voted: Helge Mortensen winner of the
May 15 Savings Bond Award. His winning circuit is
“IC op amps make inexpensive instrumentation
amplifiers”. Mr. Mortensen is with National Semi-
conductor Corp., Santa Clara, Calif.
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This display writes

as fast as

your computer can talk.

HP’s new 1310A 19-inch-diagonal X-Y
display is the answer to many an
OEM'’s prayer...because it’s the first
display ever that can keep up with
the graphic information output of to-
day’s high-speed computers.

The 1310A has a writing speed of
10 inches per microsecond — 10
times faster than any other display’s.
Its slew rate is 100 inches per micro-
second. And its large-step jump and
settle time is 1 microsecond. Thus,
the 1310A gives you the ability to dis-
play information as fast as your com-
puter puts it out — in any desired
sequence of locations, without
“‘smearing.”’ No longer must you pro-
gram outputs in a manner imposed
by display limitations.

The key to the 1310A’s outstanding
performance is its unique, advanced
cathode ray tube which uses elec-

Computer-generated graphics courtesy of The Boeing Company.

trostatic deflection to control its
electron beam.

Also as a result of using electro-
static deflection, the 1310A is smaller,
lighter, and requires less power than
any competitive graphic display —
only 100 watts. Because it uses the
latest, highly rectangular CRT face
glass, its display area is equal to that
of many 21-inch units. And its 0.020-
inch spot size gives you a crisp, clear
image over that entire area.

And performance is only the begin-
ning! With the 1310A, you also get
plug-in-board construction for fast,
easy servicing. Replacement boards
are available from any of HP’s service
centers around the world, on an ex-
change basis, within 48 hours. And it
takes only minutes to remove or in-
sert any board.

Yet, despite all these advantages,

the 1310A costs only $3000— far less
than - competitive displays (covers
and stand, $100 extra). Or, for
$2875, you can get all the features of
the 1310A, in the new 14-inch-
diagonal 1311A. OEM price sched-
ules are available on both the 1310A
and 1311A.

For further information on both of
these new displays, contactyourlocal
HP field engineer. Or write Hewlett-
Packard, Palo Alto, California, 94304.
In Europe: 1217 Meyrin-Geneva,
Switzerland.
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COMPUTER HARDWARE

The ABC’s of A/D and D/A converter

specifications

Physical component limitations such as noise and interference can play an important
role in a system’s design. A thorough understanding is essential for good performance.

Bernard M. Gordon, Analogic Corp.

Most analog-to-digital and digital-to-analog subsystems
are generally represented by the block diagrams of Fig. 1.
As shown, such conversion systems may accept a wide
variety of analog input signals and yield various digital
outputs for storage transmission or computation. Similarly,
stored or transmitted digital or computed data may in turn
be utilized to provide a multiplicity of analog display and
control signals for subsequent usage.

With the rapid rise of analog-to-digital and digital- to—
analog conversion techniques, the tendency by many sys-
tem designers has been to merely consider subsystems as
building blocks. This approach has tended to frustrate them
in properly using available building blocks because of a
number of factors not necessarily implicit in block-diagram
representations.

To have a successful application or installation, the sys-
tem designer must not only take into consideration the levels
of analog signals and types of binary codes desired, but also
the “real-life”” physical limitations of components, such as
noise and interference, which are inherent in all practical
situations. Sound-engineering thought and effort directed
toward an understanding of some of these limitations, both
theoretical and practical, will assist the system designer in
anticipating and overcoming problems that can result in
poor system performance.

The firstthing a designer should have is a thorough under-
standing of the converter terminology employed by the
manufacturer in defining the various specifications. For
example, he should understand the difference between ab-
solute and relative accuracies and the difference in errors
due to offset drift and scale-factor drift. He should under-
stand the effect of quantization error, monotonicity, and
linearity.

Once having understood the terminology employed in
analog-to-digital and digital-to-analog converters, multi-
plexers and sample-and-hold amplifiers, he should make

sure that the vendor from whom he is obtaining his equip-
ment has, in fact, specified all of the various parameters re-
quired to define proper operation. For example, a sample-
and-hold unit without an adequate feedthrough-rejection
specification may vyield entirely different results with dy-
namic signals than with static signals.

The user should understand clearly the transfer weighting
action of different binary codes. Many users have not taken
the time to really understand the difference, however small,
between offset binary, one’s complement and two’s com-
plement codes. Further, many users whose backgrounds
have been primarily in digital installations, have not under-
stood the differences between the maximum available
resolution allowed by utilizing a given number of bits and
the actual accuracy and resolution which may be obtained
as limited by other sources of analog error.

The system designer must pay particular attention to ana-
log sources of error. These may be due either to noise gen-
erated within the modules he is integrating or due to inter-
ference caused by extraneous normal-mode pickup or
common-mode signals. It is very important that the user
fully understand the sources of and cures for common-
mode signal interferences. Many system designers have
had a tendency to take common-mode specifications at
face value without fully understanding that common-mode
rejection is only achieved through an optimum combina-
tion of equipment capability matched to anticipated signal-
source characteristics. The need for filters must be carefully
considered as well as the optimum type of filter for any
particular type of anticipated noise or signal interference.

A very common problem encountered in interfacing var-
ious analog-to-digital converters, multiplexers, sample-
and-hold amplifiers and digital-to-analog modules is simply
the resistance of interconnections. The resistance of even
short runs of normal-size copper wire and particularly
printed-circuit runs is much higher than expected and if
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Fig. 1—All A/D and D/A systems contain some or all of these components.
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such wiring is not done carefully and properly, voltage
drops and common ground returns can be the biggest
sources of error.

Having become familiar with the terminology, types of
codes, having studied the resolution and accuracy required,
and having given serious consideration to interfacing
common-mode and other noise generating factors as well
as having considered his interconnection scheme, the sys-
tem designer is now in a position to thoroughly assess his
problem and pick those components best suited technically
and economically for the task.

There are a wide variety of applications for analog-to-
digital and digital-to-analog converters. Some may best be
satisfied with lower-accuracy and lower-speed units while
others require the highest accuracy, highest stability and
highest speed. The system designer must be aware that all
converters which, on the surface have certain similar major
specifications, are not identical. He must also realize that
it is only through his understanding of the intrinsic capa-
bility of the various converters together with their speci-
fications and his understanding of the static and dynamic
usage problems, that he may optimize his trade-offs.

Dynamic parameters of amplifiers

Settling time: the maximum time interval between the ap-
plication of a step function (of specified magnitude —
usually end-to-end of the full-scale range) to the input, and
the “permanent”” entry of the output voltage into a stated
voltage band surrounding the theoretical output cor-
responding to that input. (The term ‘““permanent’” is used
because the transient behavior of many devices is under-
damped; i.e., as shown in Fig. 2, the output may pass
through the stated settling band one or more times in an
oscillatory fashion before remaining within it.)

Maximum slew rate: the fastest rate at which the output
of the device can change from one end to the other of its
rated range, under stated load conditions. Clearly, this rate
is achieved in response to a large step input, as shown
in Fig. 2.

Maximum small-signal bandwidth: the highest frequency
at which an amplifier will track (to within a stated toler-
ance—usually, to within 3 dB of the low-frequency re-
sponse) a sinusoidal signal having an amplitude below that
value at which the slew-rate limitation is significant.

Full-power bandwidth: the highest frequency at which
an amplifier, loaded to maximum rated power output, will
track a sinusoidal signal large enough to drive the output to
its rated full-scale value at peak input. The nominal rela-
tionship between full-power bandwidth and slew rate is:

slew rate = 2mrfe,, (the maximum slope of a sine wave of

i
e, peak amplitude),
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Fig. 2

where f = full-power bandwidth,

and e, = rated full-scale output.

Note: If the step response of the circuit is nonlinear, f may
be somewhat higher than calculated value.

Overload recover time: the time required for the circuit
to return to linear operation, within a stated tolerance,
after removal of a sustained input that was large enough to
drive the circuit into complete saturation —i.e., a condition
in which further increase in input did not significantly in-
crease output.

Multiplexer parameters

Transfer accuracy: the agreement between output and
input voltage, usually stated as:

— ein — S
accuracy = X 100%.

m
This should be given as worst case over the entire rated in-
put voltage range, for a specific signal-source impedance.

Settling time: See Dynamic Parameters of Amplifiers.
Better stated as “‘Switching plus settling time.”’

Input (leakage) current (OFF mode): the highest cur-
rent that can flow, at any rated input voltage, into or out of
OFF input terminal. The total leakage current of all OFF
channels flows through the source impedance, causing an
offset error.

Throughput rate: highest rate at which the multiplexer
will switch from channel to channel at specified accuracy.
The inverse of “Switching plus settling time."”’

Capacitance/channel, C (OFF mode): the capacitive
loading (from the common output line to ground) con-
tributed by each OFF channel. In a n-channel multiplexer,
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then, the capacitance (from this source) “seen” by the ON
channel signal sourceis C = (n — 1)C,.

This total capacitance may be a major factor in limiting
settling time.

Common-mode rejection: In differential-input multi-
plexer configurations (2 wires/channel), this is the same as
that defined under Common-Mode Rejection.

Crosstalk attenuation: A specific test voltage, at a stated
frequency, is applied to all OFF-channel inputs connected
in parallel. This ratio (in dB) of the test voltage to the output
voltage it induces is:

. >, el#.\'!
Crosstalk attenuation = 20 log,, o I

0

Feedthrough capacitance/channel (OFF mode): The
capacitance that couples the input terminal of an OFF chan-
nel to the output.

Injected (kickbacks) switching transients: signal com-
ponents introduced into the source by stray coupling be-
tween the switching circuits on the ON channel. In low-
level circuits these transients can be very significant. If this
transient is signal-level-sensitive, it becomes “Self-modula-
tion,” defined under Sample/Hold Parameters.

Sample/hold parameters

Acquisition time: the interval between SAMPLE com-
mand and the moment when the output begins to track the
input (to within stated accuracy), regardless of the previous
state of the output.

Turn-off time: minimum interval between HOLD com-
mand and beginning of HOLD mode.

Aperture uncertainty: uncertainty in turn-off time—i.e.,
uncertainty in transition between SAMPLE and HOLD
modes. (Difference between maximum and minimum turn-
off times.)

Settling time: maximum time required for the output to
track the input within the stated gain accuracy, for a speci-
fied step change in input, during sampling or tracking.
Usually, step is specified as full-range change.

Decay rate: maximum rate of change of the output
voltage to the HOLD mode.

Slew rate: maximum attainable large-signal rate of
change of output voltage, in either acquisition or tracking.

Input impedance: resistive and reactive components of
load presented to input signal. Two sets of values are given,
one fof SAMPLE mode and one for HOLD mode. (Al-
ternatively, 1, may be specified for SAMPLE mode.)

Gain accuracy: degree to which voltage gain is main-
tained at nominal value. (Should include effects of gain
T.C. and effects of power-supply changes on gain, as well
as changes in gain over stated period of time, if significant.)

Voltage gain: nominal ratio of output voltage to input
voltage at the instant that the SAMPLE-TO-HOLD transition
occurs.

Output offset voltage: maximum value of output when
sampling zero input, at a stated temperature (usually
23°C).

Offset drift: worst-case variation in output-offset voltage
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due to changes in ambient temperature (offset T.C.), power-
supply voltage (p.s. rejection), and over stated period of
time. Usually, the three drift effects are stated separately.

Feedthrough rejection: ratio (expressed in dB) of a speci-
fied input signal to the resultant output signal, during HOLD
mode over a stated frequency range.

Self-modulation: maximum variation in output caused by
interaction between the signal amplitude and the circuits
that accomplish the sample-to-hold mode switching.

Common-mode rejection

Common-mode-rejection ratio (CMRR): the ratio of the
CMV to the contribution to the output due to CMV alone —
i.e., CMV/Ae,,,, where Ae,, is referred to the input. This
parameter is usually expressed in dB,

CMRR = 20 log,, [CMV]

Ae

out

for the device alone, then:

1
CMRR = 20 Iogm [ﬁ;:l

Because A, and A, are inherently frequency dependent
and may be amplitude dependent, the CMRR behavior of a
device (such as the amplifier shown in the diagram) is a
function of the frequency and sometimes the magnitude of
CMV. The effective CMRR of the complete circuit is de-
pendent on both the external and internal impedance
balances.

Almost always, the impedances Z,, and Z,, are high
enough (with respect to Z, and Z, and the reactances of
C, and C,) to be ignored. Z,, is also usually high enough to
prevent significant source loading. Under these conditions,



A, and Az are the gain magnitudes between the output and inputs 1 and 2.
Zm and Zoz are “‘common-mode’’ input impedances at terminals 1 and 2.
Z,, is "differential” input impedance between terminals 1 and 2.

Z, and Z, are source impedances.

C, and C, are capacitances from the inputs to ground, including input
capacitance of the device itself.

e, = differential input signal = (e, —e5)

CMV = Common-mode voltage =e, —e_
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Fig. 5

the external circuit unbalances (including the input capaci-
tances of the device) can cause a significant reduction in
the overall CMRR.

To calculate effective external CMRR: CMRR approaches
a maximum (for a given C, and C,) when, for a given AR,
AR > R. When R, = 0, R, = AR, and the CMRR is the
highest value attainable. Similarly, for a given R, and R,,
the CMRR is the highest value attainable when C, = 0, so
that C, = AC. Under these conditions,

1
CMRR(mtui =20 |Ogm IiZwARAC}

and the highest-attainable values are as shown in the chart
(Table 1). For comparison of these “ideal”” figures with the
more general case, consider a circuit in which R, = 10%(),
C, = 100 pF, AR = 1000Q and AC = 10 pF. Then at
60 Hz

Fig. 6
TABLE 1
Highest attainable CMRR values (at 60Hz)

AR |Ac=1pF|AC=10pF|AC = 100pF |A C = 1000pF
1082 | 162dB 142dB 122dB 102dB
10082 | 142dB 122dB 102dB 82dB
20082 | 136dB | 116dB 96dB 76dB
50082 | 129dB | 109¢B 89dB 69dB
100082 | 122dB | 102dB 82dB 62dB
10,0002 | 102dB 82dB 72dB 42dB

‘ 1
CMRR = 20 log,, {m]

= 90.4 dB or 11.6 dB lower than the highest-attainable
value from the chart.

Normal-mode rejection

(Applies to any analog circuit)

Normal-mode rejection ratio (NMRR) is the ratio of the
transfer function (of a circuit or device) for the signal com-
ponent of interest to the transfer function for unwanted
signal components (e.g., noise, line-frequency pickup, etc..)
as afunction of the frequency of the unwanted components.
It is usually expressed in dB:

K(f,)
NMRR = 20 log,, K

) e
where K(f,) is the transfer function —2“

(in)

at the frequency of the signal of interest. (Note: In an A/D
converter, f, is usually either zero (dc) or a frequency con-
sistent with the highest rate of change of the analog input
that the converter must track.) K(f) is the transfer function

for the frequency (above f,) at which NMRR is calculated.

58

ESSENTIALLY

INFINITE | g
ATTENUATION e
60- AT THESE
FREQUENCIES MINIMUM
a 4 ATTENUATION
= | | INCREASES AT
o | 20db/DECADE
E %99 ABOVE CUTOFF.
o | | b
8 I | e
E 20 ' I I
m I 1T
1 ol T
-
5 N =
0.01 0.1 1

FREQUENCY (kHz)
TYPICALNMRR OF AN INTEGRATING CONVERTER

Fig. 7
Any frequency-selective filter will achieve some normal-
mode rejection, provided that it exhibits more attenuation
above f; that it does at f . (See Filters discussion.)
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An integrating A/D converter provides effective normal-
mode rejection for all frequencies above f,, and essentially
infinite NMR at frequencies that are integrally related to the
integration period as shown in Fig. 7.

For any frequency component having a period that is an
integral submultiple of the integration period, the NMRR is
essentially infinite. The lowest such frequency, f,, is:

= (T ) Hz,

where T, is the integration period in seconds.

Usually, the integration period is synchronized to the
power-line frequency for best rejection of ac pickup. Note
that the integrator (which is, after all, a one-pole filter)
provides significant attenuation at all frequencies above its
low-pass cutoff frequency. This attenuation increases at
20 dB/decade above the cutoff frequency.

Noise calculations

All circuits and devices, active and/or passive, exhibit
noise. In a resistor, the Johnson (or thermal) noise is
given by:

e, = VAKTR (&)
where e, is the RMS value of the noise energy generated
over the bandwidth Af
R = resistance in ohms,

K = Boltzman’s constant, 1.38 X 10-2% Joules/degrees
Kelvin )
T = Temperature in degrees Kelvin (°C + 273).

The curve (Fig. 9) plots the value of e, against Af, at
23°C, for various values of R.

Noise sources in series are added by taking the square
root of the sum of the squares of the individual noise volt-
ages. Noise sources in parallel are added by converting
them into parallel equivalent resistances, and computing
the noise generated by the equivalent parallel resistor.

Noise at the analog input and within an A/D converter
will cause output-code errors if the peak value of the noise,
after filtering and/or integration by the converter (and when
added to other uncertainties in the converter error budget),
exceeds one least-significant bit. The percentage of time
during which a given noise level will exceed the 1-bit
threshold may be calculated from a Gaussian-distribution
curve (Fig. 10) and probability table (Table 2).

Table 2 shows that if the 1-bit threshold is greater than
the =30 noise level (p-p threshold = 6 X RMS noise level),
a 1-bit or greater code error of either polarity will occur
less often than 0.3% of the time; or, a unipolar error (for
example, n + 1 or more bits instead of n bits of output) will
occur less than 0.15% of the time assuming there are no
other sources of error.
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TABLE 2
Percent of Time Percent of Time
RMS Noise RMS Noise
Level is Exceeded | Level is Exceeded Pigleto Pask
Noise Level

in Either Direction| in One Direction

31.8% 15.9% +10(2 x RMS)

20% 10% +1.640(3.3 x RMS)
4.6% 2.3% +20(4 x RMS)
0.3% 0.15% +30(6 x RMS)
0.02% 0.01% +3.890(7.8 x RMS)

This article was extracted from an upcoming wall-chart
designed by Analogic Corp. For a free copy of this attractive
and highly useful chart, check reader service no. 340
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The quiet one. Zero bounce noise.

This new flexing spring
contact with four distinct
current paths practically
eliminates arcing line
noise—makes Rowan’s
2190E Mod A Relay ideal
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with solid state circuitry
where noise-free contact
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power relay of 10 amp—
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bounce—Iless than
1 millisecond. Standard
non-flexing contacts result
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5 milliseconds on closing
with each arcing bounce
producing noise.

The quiet one represents
a unique design concept in
contacts. It's a double-
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contact fashioned entirely
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The industry's standard
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silver buttons.
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Reliable Controls.
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Get more from your minicomputer
with minimum-cost stack memories

Software implementation of memory stacks often slows the memory, while a hardware
approach is costly. Here is a way to make existing memory look like a stack.

George Reyling, Jr., National Semiconductor Corp.

Modern programming techniques are making greater use
of last-in first-out push-pull stacks. These are very useful
for simplifying nested interrupts, and nested and recursive
subroutines, as well as compilers and other types of pro-
grams.

Many systems implement the stacks with software;
however, this limits their usefulness in many situations,
since execution time is very slow. Software stacks have
some advantages in that the stack size can be quickly
modified as memory and stack-allocation requirements
change, and several stacks for different purposes are rela-
tively easy to implement once the software for one stack
has been provided.

The speed limitation of software stacks may be unac-
ceptable in interrupt service routines, or in systems which
require high-speed program execution. In this situation, a
high-speed hardware stack may be used. This also has a
number of disadvantages. The cost is very high because
stacks are not presently available as standard integrated
circuits, and thus must be built up from basic components.
Size is fixed by the hardware; therefore, a stack must be
provided to accommodate the maximum number of words
available, even though the maximum capacity may rarely

be used.

This article will describe a stack implementation that
should provide the advantages of both hardware and soft-
ware stacks, without the limitations of either.

Make existing memory look like a stack

The principal feature of this implementation is that, rath-
er than providing the hardware to make a complete stack,
hardware is provided to make the existing memory look
like a stack. Since the main memory of a computer usually
costs less per bit than a lower-volume hardware stack
memory, this approach is very economical. Also, there is
likely to be spare memory available since it is purchased
in large blocks. Thus, in many systems, the memory words
used for the stack may come at virtually no extra cost.

The hardware necessary to implement this stack re-
quires as few as 23 TTL IC packages. It includes registers
to hold the stack boundaries and current location pointer,
plus the necessary control and buffer logic. Other advan-
tages to this approach are: cycle time is typically only 30
nsec longer than the main-memory cyle time (which can
be very short with semiconductor memory), stack size is

T
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Fig. 1—Stack memory controller for a 16-bit by 16k minicomputer. The memory address bus can be driven either by the CPU or stack

controller.
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modifiable under program control, additional stacks can
be implemented by adding a duplicate set of hardware,
and the memory addressing capability of the stack can be
increased to any size by adding more bits to the registers.

Perhaps the most important feature is that the stack con-
troller can be implemented without making any changes
in the existing memory and computer, other than the ne-
cessity of inserting some tri-state gates in the memory-ad-
dress lines and, in some systems, increasing the memory-
access time by 30-40 nsec.

Implementing the stack memory

This detailed description is for a controller of a pro-
grammable-size stack up to 256 words for a 16-bit mini-
computer with less than 16k of memory. The stack can be
programmed on any 256 word page in the memory. Stack
size can be increased to 4096 words by adding 10 addi-
tional 1Cs.

A functional block diagram of the stack controller is
shown in Fig. 1. The memory address bus is driven either
by the CPU or the stack controller, as determined by the
select input to the multiplexer. Since the two most signifi-
cant memory-address bits are not required to form the
address of a 16k memory, they are used for commands to
the stack controller. If the appropriate command code is
placed on bits 14 and 15, the stack control logic will be
enabled to place an address on the memory bus for execu-
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Fig. 2—Memory address bus must be driven by tri-state gates.
If not already in use, the gates should be added as shown. New
memory addressing formats are also required.

TABLE 1-PARTS COUNT
MEMORY INTERFACE
No. CKTS Part No. No. DIPS
8 DM8093 2
1(3SP) 7408 1
1(58P) 7404 1
SUBTOTAL=4
LOWER 4 BITS
2 7475 2
2 DM8563 2
2 DM8200 2
1 DM8123 1
7 (15P) 7408 2
10 (2 SP) 7400 3
3 74H10 1
SUBTOTAL =13
UPPER 4 BITS
2 7475 2
2 DM8563 o
2 DM8200 2
1 DM8123 1
4 7408 1
SUBTOTAL = 8
LESS COMBINED| SPARES = -2
TOTAL =23

tion of the current stack operation.

The multiplexer shown is actually implemented by us-
ing tri-state logic gates in both the stack control logic out-
puts and the computer’s memory address (MA) bus. If the
MA bus is not already driven by tri-state gates, they should
be added as shown in Fig. 2. If a 4k stack, rather than a
256-word stack is desired, tri-state gates should also be
added to MAO8-MAT1.

The new memory addressing formats are shown at the
bottom of Fig. 2. Normal memory read and write operations
occur when MA14 and 15 are zero. If MA14 is true, a
stack operation will occur. The stack will be located on the
memory page as specified by MA08-MA13, and stack
operation will be specified by bits 0-3. A true bit 0 indicates
push-stack, bit 1 a pull-stack, bit 2 a write-stack and bit 3
a read-stack.

When MATS5 is true, a register load operation is speci-
fied. This allows data to be loaded into any one of the four
stack-controller registers. These registers and the associ-
ated control logic are shown in Fig. 3a and 3b. The UPPER
BOUND register indicates the word on the stack page of
memory which is to be the upper boundary, or highest
word written into by a stack operation. A stack operation
which writes into this word, causes a “‘stack full”” indica-
tion (FULL in Fig. 3a). A stack operation which writes into
a word higher than the upper bound, causes a “’stack over-
flow” indication (NOVF). The TOP WORD register indi-
cates the word on the stack page which contains the last
item pushed on the stack. The NEXT WORD register indi-
cates the word to be filled on the next push stack opera-
tion. The LOWER BOUND register indicates the lowest
word to be read or written by a stack operation. If the TOP
WORD and LOWER BOUND registers contain the same
value, a “stack empty” indication occurs (EMPTY). If a
stack operation occurs on a word below the LOWER
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Fig. 3 —Four stack-controller registers are required for a 256-word controller. For a 4k word stack controller, only 3b has to be duplicated.
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BOUND, a “stack underflow’” indication occurs (NUNF).

As shown in Fig. 3a, both the TOP WORD and NEXT
WORD registers can drive the address bus. When a read,
write or pull-stack operation occurs, the TOP WORD reg-
ister drives the address bus. If the operation is a pull-stack,
both TOP WORD and NEXT WORD are decremented by
one at the end of the operation. Memory address bits 0
and 14 gate the register onto the bus; therefore, the mem-
ory access time will be increased by the delay time of the
gates if the address is not available prior to the read or
write pulse.

The address-data strobe (ADS) prevents decoding spikes
when the address lines change state. When a push-stack
operation occurs, the NEXT WORD register drives the
address bus and, at the end of the operation, both TOP
WORD and NEXT WORD are incremented by one.

The load register commands cause a parallel load from
address bus bits 0-7 into the register specified by bits 8-11.
During this time, the memory write pulse is inhibited (see
Fig. 1) to prevent any actual memory word from being al-
tered. (If the registers are always loaded using a memory-
read, this inhibit is not required).

To expand the 256-word stack to a 4096-word stack,
only the logic of Fig. 3b must be duplicated in addition to
buffering 4 more lines. The parts count for a 4096-word
stack is therefore, about 32 packages.

Other variations are possible

This example was chosen to demonstrate the simplicity
of the memory-controller approach and its use in modify-

roe BATON SWITCGH

This new ALCOSWITCH series satisfies many low current
switching needs. Available in 2—8 poles & 2 or 3 positions.
Panel wired or P/C

mounting — all with ;

identical baton ac- EEEE==

tuators, including

a mating power

switch.

ALCO’s
STB Series \'

ALCOSWITCH®

DIV. OF ALCO ELECTRONIC PRODUCTS, INC. NORTH ANDOVER, MASS. 01845

New, low-cost, 7-seg-
ment incandescent read-
outs provide large, easy-
to-read .8" numerals,
plus decimal point.
Model MS-5030E (5V
30 mA/seg.) available

with choice of red or \
clear lens filters. Con- ’
)

ventional & PC sockets
.

available.
ALCOD:
ELECTRONIC PRODUCTS, NORTH ANDOVER, MASS. 01845

CHECK NO.69

ALCODISPLAY
Incandescents

ing an existing system with very minor change to the hard-
ware, and no change to the software. Certainly, many vari-
ations of the basic idea are possible and, useful. A very
similar approach could be used for a first-in first-out
memory using boundary registers and pointers to the front
and back of the queu. In this approach, when a pointer
encounters the upper boundary, it would be reset to the
lower boundary, and when the pointers are at the same
value, the buffer would be either empty of full.

To make hardware stacks and buffers which are not part
of main memory, the approach described above is still
very attractive. Any available semiconductor, core or other
type of memory could be substituted for main memory. A
very high-speed version could be built by using bipolar
memory. By deriving the control signals from hardware,
rather than the address bus, the memory access time
would be minimized. @
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engineer at National Semiconductor
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digital systems design. George pre-
viously worked at Fairchild Systems
Technology and Litton Guidance
and Control Systems. He received
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and his BSEE from California State
Polytechnic College.
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PROGRESS IN PRODUCTS

Network analyzer uses calculator
for control and data analysis

PROGRESS IN
INSTRUMENTATION

Network analysis traditionally has
been done in one of two ways: either
with manually controlled instruments
or with totally automatic computer
controlled instrumentation. The former
has the advantage of relatively low
cost, although with definite perfor-
mance limitations, while the latter of-
fers extremely sophisticated capability,
including automatic data analysis, but
at a greatly increased cost.

Now, a new Hewlett-Packard net-
work analyzer offers the capability of
a computer controlled system at a
price approaching that of manually
operated instruments. Designated the
3042 Automatic Network Analyzer,
the system makes stimulus response
measurements of linear networks us-
ing the 3330B Automatic Synthesizer
as a source and the 3570A Two-Chan-
nel Detector as a tracking detector.

Of major significance is the fact that
the measurements are made under the
control of the 9820 Programmable
Calculator. This is what gives the sys-
tem the automatic control and data
analysis capability of computerized
systems.

The computational capability of the
calculator not only provides simple
decision making, such as Hi/Go/Lo
limit testing and relative offset mea-
surements, but also provides high-lev-
el algebraic manipulations of test data.
Data can be stored for a series of tests
and minipulated using statistical for-
mulas to obtain the mean and devia-
tion. Measurement results can be
printed on the calculator’s self-con-
tained printer or recorded on magnet-
ic cards for future use. In addition,
plug-in ROMs are available for the
calculator for controlling x-y plotters,
typewriters or bulk-storage cassette
memories. The calculator's 16-char-
acter alphanumeric display can even
be used as an interactive display be-
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tween the user and the system.

The calculator can also execute
self-calibration  programs  supplied
with the system. This makes possible
amplitude measurements having an
accuracy approaching that of the
source (+0.05 dB). The calculator also
makes it possible to easily measure
the effects of test fixtures and automat-
ically subtract them from the final re-
sults. In essence, the full power and
versatility of the 9820A calculator are
available to the system user. (See
EDN, March 15, 1972, pages 90-91,
for details on the 9820A Programm-
able Calculator.)

Amplitude measurements can be
made with the network analyzer over
a frequency range of 50 Hz to 13
MHz, and over a dynamic range of
100 dB. The frequency and amplitude
resolution of the source are 0.1 Hz
and 0.01 dB, respectively. Amplitude
measurements can be made of the ref-
erence or test channel of the detector
or the difference between the two.
These frequency selective amplitude
measurements can be made with
bandwidths of 10 Hz, 100 Hz, or 3
kHz. The amplitude measurements of
the detector are displayed on a 4-digit
LED display to 0.01 dB resolution.

The phase of the test channel, with
respect to the reference channel, is
displayed by the tracking detector
over a range of =180° to a resolution
of 0.01°.

The detector can optionally make
group delay measurements by using
the phase readings and the calculator
to internally perform calculations on
the group delay formula.

Analog outputs of the amplitude
and phase readings are available for
display on an optional x-y recorder or
oscilloscope.

The 3042A Automatic Network
Analyzer can be used in both the de-
sign lab and in production facilities for
performing many measurements. Typi-
cal applications are: (1) to measure

and adjust transfer functions of ampli-
tude, phase, and delay for filter and
amplifier design; (2) to characterize
crystals, measuring shunt capacity, Q
and phase compression; (3) to mea-
sure delay and delay distortion of tele-
communications data modules: (4) to
test gain-control circuits by using pre-
cision amplitude sweeps; (5) for
closed-loop crystal-plating processes
and; (6) for solid materials and foils
testing.

An example of the significant sav-
ings in time possible with the 3042A
is in the measuring of filter parameters
such as insertion loss, stop-band rejec-
tion, pass-band ripple, group delay,
and delay distortion. Although this
often takes half an hour using conven-
tional methods, the 3042A can easily
make these tests in less than a minute.

One of the major reasons for the low
price of the 3042A is that it uses a stan-
dard 15-line interface bus as the means
of communications between the test
instruments and the calculator.

Price of the 3042A Automatic Net-
work Analyzer is $22,900. Deliveries
begin in September. 315

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. Phone (415)
493-1501. 316

Automatic control and analysis by pro-
grammable calculator give the 3042A Net-
work Analyzer the capability of a computer-
controlled system at a price approaching
that of a manual system.
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Mini-maker bases cassette memory
on very simple mechanical transport

PROGRESS IN
PERIPHERALS

Data General, the minicomputer mak-
er with a reputation for wise new-
product choices, has finally, after two
years, come out with a cassette mem-
ory system for its Nova family.

“Our search lead us to the simple
transport that Redactron Corp. de-
veloped for itself two years ago for
Redactron’s low-cost editing typwri-
ter,”” said Joe Godbout, engineer in
charge of the project. “We liked the
way they kept mechanics to the bare
minimum and relied upon electronics
to give them adequate performance,”
Godbout said.

The Redactron transport is about as
simple a device as will move tape past
a head. There is just one oversized
garden-variety ac induction motor that
drives two spindles that engage the
cassette reel hubs. These spindles are
rotated in opposite directions and two
clutches determine which will be
engaged and in which direction the
tape will be driven. Clutches may not
be the most reliable devices, but two
derated clutches represent a lot less
complexity than the assortment of so-
lenoid-driven pinch rollers and multi-
ple motors (some with servo speed
controls) found in many more elegant
cassettes, according to Redactron en-
gineer, Edgar Wolf.

The oversized ac motor provides
the transport with a fairly stable
speed —even with power-line voltage
variations; but as is true with all spin-
dle drives the tape speeds up as it fat-
tens the diameter of the take-up reel.
Redactron holds this tape-speed varia-
tion down to about 1-1/2:1 by going
to special cassettes with over-sized
hubs. With regular cassettes the speed
variation would be 2-1/2:1.

Ordinarily this speed variation
would have forced them to go to some
form of dual-track recording (such as
ICP has pioneered), but Redactron has
developed a clever sort of pseudo
phase encoding that allows them to
remain with a single track and avoid
skew problems thus permitting the
packing in of bit densities higher than
those found on most other spindle-
driven transports. This is important
because the oversized hubs reduce

the tape length to 200 ft., from the
usual 300 ft. found in digital cassettes.

In recording, a three-stage ring
counter driven at about 40 kHz di-
vides the data cells on the tape up into
three equal parts. The first stage of the
ring always causes a positive-polarity
flux transition at the beginning of the

" cell for a clock or reference mark. The

second and third stages of the ring can
be selectively gated by the data to be
recorded to place the negative “re-
turn” polarity transition at either the
1/3 point or the 2/3 point in the cell.
A ONE will gate the second stage to
put the return at 1/3 and a ZERO will
gate the third stage to put the return at
2/3.

An up-down counter driven by a
higher-frequency clock is all that is
needed to recover the data from the
tape. The positive flux transition at the
beginning of the cell starts the counter
counting up, and then either negative-
going flux transition will reverse the
counter. One only needs to know at
the end of the bit cell (which is indi-
cated by the next cell’s positive-going
transition) whether the up-down coun-
ter went through zero or not.

Data General has developed its

own TTL circuitry to implement this
recording logic and merely looks for
an output on the up-down counter’s

borrow-in pin to indicate whether the
counter went through zero. (Redac-
tron implemented the complete record
and playback logic in one 40-pin LSI
MOS chip).

Data transfer in the Nova cassette
unit is 12 kbit/sec and storage capaci-
ty is 1 Mbit. Recording speed ranges
from 24 to 38 ips.

Data General has priced their sys-
tem in terms of the transport assembly
that holds up to three transports and
associated electronics and the inter-
face or controller board that fits into
one of the slots in the main Nova min-
icomputer. The transport assembly
costs $2,000, $2,750 and $3,500 with
one, two and three transports respec-
tively. The interface control board
(which conveniently uses the same
software as previous Nova interfaces
for large 1/2-in drives) costs $1,500
and controls up to 8 cassette drives.
Standard Data General discounts up
to 40% are available for quantity or-
ders. The Nova cassette will come
with a Data General software package
that contains an operating system and
cassette handler subroutines, along
with capabilities such as assembling,
editing, debugging and program stor-
age and retrieval. Data General Corp.,
Southboro, Mass., 01772. Phone (617)
485-9100.

The three-cassette Nova memory system can be conveniently racked on top of a minicom-
puter, taking up just 7 in. in additional height. The cassette transport uses a single ordinary
shaded-pole ac induction motor to alternately drive two counter-rotating spindles, via

slip clutches.



Stable, thick-film fixed resistor
has selectable resistance values

PROGRESS IN
PASSIVE COMPONENTS

Engineers are frequently faced with
circuit designs where the ultimate val-
ues of fixed resistors cannot be prede-
termined exactly during the design
stage. A designer has no choice then
but to specify a probable resistance
value and have the exact value re-
quired for each circuit assembly deter-
mined empirically during manufactur-
ing. This not only increases manpower
requirements but makes it necessary
to stock a very wide variety of resistor
values.

A new component, developed by
Bourns and called a selectable fixed
resistor, offers an economical alterna-
tive to the traditional design approach.
Essentially, the Bourns SFR™ Resistor
is a thick-film fixed resistive compo-
nent with the adjustability of a vari-
able resistor. It can be adusted in 1%
increments, semipermanently, over a
range from 50 to 139% of its nominal
value. When the exact resistance re-
quirement is determined, the device is
permanently set to that value by a
simple soldering operation.

Fifteen standard values of Bourns

SFR”™ Resistors are available, covering
a resistance range from 33€ to 1,25uf)
in selectable 1% steps. They are de-
signed for PC board mounting and
occupy a board area equal to standard
1/2W industrial metal-film resistors.
The units meet MIL-R-55182 and have
a T.C. of =50 ppm average. A unique
characteristic of the devices is that
they provide inherent short-circuit and
open-circuit protection for a circuit
while they are being adjusted.

The Bourns SFR™ Resistors can also

 PERCENT,

 NOMINAL

- TYPICAL.
SOLDER CONNECTIONS.

TERMINAL NUMBERS

SOLDERABLE PRINTED |
CIRCUIT BOARD (PCB)
TERMINALS .
ALUMINA SUBSTRATE

SOLDERABLE PADS [

be used in place of “‘set-and-forget”
potentiometers where long-term sta-
bility is critical or where future adjust-
ment is to be discouraged.

Prices of the devices are $2.22 in
unit quantities, $0.97 for 50-99 and
$0.76 for 1000 and over. Availability
is factory stock. Distributor availability
is scheduled for the end of the year.

Bourns, Inc., 1200 Columbia Ave.,
Riverside, CA 92507. Phone (714)
684-1700. 317
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The final resistance value is set by applying solder between two of the solderable pads
and the adjacent collector strip. This results in a permanent solder connection that shorts
the unnecessary resistance segments of the unit.

Storage scope writing speeds
continue to take great leaps forward

PROGRESS IN
INSTRUMENTATION

In the fast-moving electronics industry
glory is very short lived. The most re-
cent example of this was the an-
nouncement by Hewlett-Packard of an
option for its Model 184A storage os-
cilloscope that boosts writing speed to
400 cm/usec. This wrested the speed
mantle for storage scopes back from
Tektronix, who had just announced its
Model 7623 with a writing speed of
200 cm/usec.

In the HP unit, the 400 cm/usec
writing speed is achieved in the cen-
tral part of the oscilloscope’s graticule,
as is common in such scopes. This
area is then calibrated into a sub-gra-
ticule of 8 x 10 half-divisions. Reso-
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lution, however, is not lost. In the
high-speed mode, scan is automatical-
ly reduced, and so is cathode poten-
tial. Spot size is therefore cut, and res-
olution in the reduced-scan region is
as good as it is in normal full-scan
operation.

The Tektronix 7623 writes at its 200
cm/usec speed over the center 4 x 5
divisions of its graticule and at a
somewhat slower rate over the full
8 x 10 screen divisions. It uses a spe-
cial high speed target for capturing the
high speed event, and then transfers it
to a slower, long-retention target.

Both scope mainframes have a 100
MHz bandwidth. The HP unit accepts
plug-ins (2) from the Model 190 Se-
ries, and the Tektronix mainframe
accepts plug-ins (3) from the Model

7000 Series.

HP’s 18A basic mainframe costs
$2200 and option 005, which pro-
vides the 400 cm/usec writing speed,
adds $500. Tektronix’s 7623 main-
frame is $2850, and the fast-writing
speed CRT, option 12, adds $500 to
that price. An accurate price compari-
son, however, must include the costs
of the necessary plug-ins. The HP unit
is to be available in September and
the Tektronix unit in October.

Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. Phone
(415) 493-1501. 318

Tektronix, Inc., P.O. Box 500, Beav-
erton, OR 97005. Phone (503) 644-
0161. 319
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" LOW CROSSTALK )

SIGNAL TRANSMISSION CABLE

® Unique construction
provides lowest
crosstalk in any
flat cable.

® Available as
assemblies or as
bulk cable.

® UL listed.

® For fast rise time
pulses.

Typical assembly
made with
Ansley Black Magic TM Cable

ANSLEY ELECTRONICS CORP.

Subsidiary of Thomas & Betts Corporation

Old Easton Road, Doylestown, Pa. 18901 (215)345 1800
2828 N.Figueroa St., Los Angeles,Ca. 90065(213)223 2331
TWX: Doylestown 510 665 8105 L os Angeles 910 321 3938

CHECK NO. 35

OEM
RACK
PORTABLE

X-Y PLOTAMATIC

Value
Priced

From $7 5

= PAD/LOAD® Paper Handling
® 8% in.x11in.and 11in.x17 in.
® Electronic Overdrive Protection

= Differential Guarded and Shielded Signal Inputs

® Disposable Fibre Cartridge Pens (Capillary
Pen optional)

® Sealed Follow-Up Potentiometers buffered for
noise immunity

® |/C Circuit Design
= Time Base Generator (optional)

I \“ Ii:} CORPORATION

Keewaydin Drive, Salem, N. H. 03079 + TEL (603) 893-1921 « TELEX 947477 + TWX 710 366 1887

CHECK NO. 37

Multiple-Output
Power Supply
Assemblies

- -

.. . shipped in only 9 days
Why get tied down with the details of designing
and building power supply assemblies. Instead, let
Acopian do it for you. Call us at (215) 258-5441
and tell us your requirements. We'll answer your
questions, recommend the optimum complement
of power modules, quote a firm price and assign
a reference number for ease of requisitioning.

Your completely wired assembly will be shipped
nine days after receipt of your order.

Acopran

Acopian Corp., Easton, Pa. 18042
Telephone: (215) 258-5441

CHECK NO. 36

Where

life counts...
count on
General Time

subminiature
elapsed time indicators
and events counters meet
Military Standards.

General Time subminiature Elapsed Time Indicators and
Events Counters provide a built-in record of how-long/
how-many data for aerospace and military applications.
Precise. Dependable. Proven reliability/ 30 million test
hours. Digital or dial readouts. 400 Hz or 28v DC
Systems. Anticipate breakdowns, record service life,
count revolutions, monitor starts, vibrations, any critical
function. We'll design or modify to your specifications.

wint N GEMERAL Tibim
Catalog 136 AN A TALLEY INDUSTRIES COMPANY
today_ SPACE AND SYSTEMS DIVISION

1200 Hicks Road * Rolling Meadows, I1l. 60008

CHECK NO. 38




LAMB ELECTRIC OFFERS
COMPUTER-ORIENTED
PRECISION

Jdpimmer’ viowers

for quiet, “working air”...

Motorized centrifugal blower systems
provide pressure or vacuum, or both—
economically. Wide range of operating
characteristics can be obtained by
modular “stages” of fan system. Units
function in any position, are easy to
install. APPLICATIONS: tape decks,
office copiers, data terminals, and vir-
tually any type of equipment utilizing
“working air”.
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...DC SERVO MOTORS for
thoroughly reliable
control.

Lightweight and compact, Lamb servos
respond quickly, smoothly. Design as-
sures cool motor operation despite
heavy cycling over prolonged periods.
Armature diameters are small in rela-
tion to field, minimizing inertia and al-
lowing for greater extremes in cycling
of rotation, torque and speed. Available
in wide range to suit your torque re-
quirements. APPLICATIONS: magnetic
tape drives, paper tape handlers,
closed-loop servo systems, variable
speed drives, etc.
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For additional information,
contact AMETEK/Lamb Electric,
Kent, Ohio 44240

Telephone: (216) 673-3451

AMETEK / Lamb Electric

CHECK NO. 40
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COMPUTER PRODUCTS

CORE MEMORIES RUGGEDIZED FOR
HAZARDOUS USAGE. Models 1865M and
1885M memories meet applicable portions
of MIL-E-16400. They are priced from 1.2 to
3.0¢/bit, depending upon size, quantity and
configuration. The new memories have cy-
cle times of 650 and 850 nsec and are avail-
able in sizes of 4k and 8k words of 9, 12, 16
or 18 bits. Combining modules provides
storage capacities up to 65k words of 36
bits. Ampex Corp., 13031 W. Jefferson
Blvd., Marina del Rey, CA 90291. Phone
(213)821-8933. 170

AUTOMATIC DATA ERROR CORRECTOR
ELIMINATES TRANSMISSION ERRORS.
Validata 9100 finds and corrects 99.999%
of all data errors on 4-wire, full duplex, syn-
chronous data channels at operating speeds
up to 9600 bps. Errors due to noise, line
drop out, and loss of modem sync are cor-
rected in both directions simultaneously.
The 9100 installs on-line in seconds and
leases for $1 per day per unit. International
Data Sciences, Inc., 100 Nashua St., Prov-
idence, Rl 02904. Phone (401) 274-5100.

171

TERMINAL INTERFACES FOR MOST COM-
PUTERS. Interfaces for the company’s
4002A graphic computer terminal and 4010
computer display terminal family now in-
clude computers manufactured by DEC,
Data General, H-P, Varian, Honeywell, In-
terdata, and Raytheon. The 4010 is a low-
cost CRT terminal for business and scientific
use. Tektronix, Inc., P.O. Box 500, Beaver-
ton, OR 97005. Phone (503) 292-2611.
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DATA MODEM OPERATES FROM 1200
TO 3600 BPS. The modem converts from
1200 asynchronous to either 2400 or 3600
bps synchronous-mode operation. The
ADS-412/424/436 operates FSK at 1200
bps, and PSK at the 2400 and 3600 bps
speeds. It can operate in a wide variety of
system applications, both on dial-up and
private line for example, polled operation,
reverse channel and Ack-Nack. American
Data Systems, 8851 Mason Ave., Canoga
Park, CA 91306. Phone (213) 882-0020.
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LOW-COST 16-BIT PROCESSOR OFFERS
ADVANCED FEATURES. Model 74 in-
cludes hardware multiply/divide, 16 gener-
al registers, 64k of directly addressable core
memory, LSI ROM, up to 255 1/O interrupts
with automatic vectoring to service routine,
and upward compatibility with all other
new series processors. The memory is built
around a 4k x 16-bit core module with
access time of 300 nsec and cycle time of
1.0 psec. It is expandable in 8k modules up
to 64k. $3600 with 8k or core. Interdata, 2
Crescent Pl., Oceanport, N | 07757. Phone
(201) 229-4040. 174

GE INCREASES SPEED OF TERMINET
PRINTERS. The TermiNet ® 1200 can qui-
etly produce hard copy in multiples of sev-
en at a print rate of 120 cps. It has switch-
selectable transmission speeds of 10, 30 or
120 cps. Copy appears in upper and lower
case alphabetics. The printer is available in
three configurations: (RO), (KRS) and (ASR).
GE Communication Systems Div., Section
P, P.O. 4197, Lynchburg, VA 24502. Phone
(703) 846-7311. 175

MINI-DISC EXPANDS CALCULATOR AND
SMALL-COMPUTER MEMORIES. The 8200
Series memory measures 8 X 9 X 9in, fea-
tures non-positioning flying heads and
read/write electronics. Average access time
is 8.5 msec, and data transfer rate is 1.09
MHz. Two models are available; an 8-track,
145k-bit unit and a 16-track, 290k bit-ver-
sion. Information Data Systems Inc., 7550
Walnut Lake Rd., Walled Lake, MI 48088.
Phone (313) 624-5525. 176

LINE CONDITIONER UPGRADES PHONE
FACILITIES FOR DATA TRANSMISSION.
Model 66 conditions the amplitude re-
sponse and envelope delay of voice fre-
quency telephone circuits for data transmis-
sion. Units are available with standard 200
Hz equalizer spacing or “‘proportional spac-
ing” for extended bandwidth equalization.
Price is $550. Hekimian Laboratories, Inc.,
322 N. Stonestreet Ave., Rockville, MD
20850. Phone (301) 424-3160. 177
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DATA CASSETTE MEETS ANSI, ECMA
STANDARDS for digital data recording. The
“R" series cassette contains computer-
grade tape which is certified for zero drop-
outs. Hinged write-lockout tabs can be
moved easily to permit re-recording of data.
End-of-tape/beginning-of-tape  holes are
provided. Information Terminals, 1160 Ter-
ra Bella Ave., Mountain View, CA 94040.
Phone (415) 964-3600. 178

DEC CUTS PDP-8 PRICES. Price reductions
up to 27% on PDP-8 family minicomputer
mainframes and up to 45% on typical sys-
tems are announced by DEC. A new core
memory reduces the price of an 8k-word
PDP-8/E from $7740 to $5,650. The price of
an 8k-word PDP-8/F is reduced from $6740
to $5150, and PDP-8/M from $6395 to
$5150. A 4k-word PDP-8/E price is reduced
from $4990 to $4490. The new 8192-word
core memory is also being offered in 8k-
word add-on increments for $4900. Digital
Equipment Corp., 146 Main St., Maynard,
MA 01754. Phone (617) 897-5111. 179

HALL-EFFECT DEVICE IMPROVES CAS-
SETTE HEAD’S ACCURACY. The model
RAW-7101 is a dual gap Hall-Effect device
which generates an output signal propor-
tional to the recorded magnetic flux and is
independent of tape speed. The output tape
signal at a recording density of 1600 FRPI is
typically 0.4 mV, P-P. $65. Pioneer Elec-
tronic Corp., 525 W. Remington Dr., Sun-
nyvale, CA 94087. 180

DEDICATED CALCULATORS PROVIDE
POWER OF DESK-TOP UNITS. The new
machines are the Models 320 Scientist and
340 Statistician, and the programmable
Models 322 and 342. Each model has multi-
ple storage registers, calculates with true
13-digit accuracy, and displays 10 digits
with sign and 2-digit exponent. The key-
boards are fully algebraic and have keys for
right and left parentheses, which can be
double-nested. Models 322 and 342 feature
an 80-step “‘scratchpad’ programmer.
Computer Design Corp., 12401 W. Olym-
pic Blvd., Los Angeles, CA 90064. Phone
(213) 829-3501. 261

10 amps of switching in a1”cube!

We call it our Series 19 Relay. You'll call it
one of the most compact and reliable packages

you've ever used.

Remarkable 10 amp Series 19 relay is
low in cost, too — less than $1.00 each
in quantity. But price is only part of
the story. The Series 19 also offers the
advantages of miniaturization and the
capacity to handle heavy switching
loads. Result: more performance in a
smaller overall package. Contact ar-
rangement is SPDT. Rated 10 amps at
28 vdc or 115 v, 60 hz. Coil voltages
available range from 3 to 24 vdc. The
Series 19 is an ideal choice for a multi-
tude of low level to 10 amp switching
applications, including remote con-
trol, alarm systems and many other in-
dustrial and commercial uses.

Equally important, the Series 19 is part
of a whole family of interrelated low-
cost relays which will lend themselves
to multiple usage in the same system.
Included are:

Series 10.
Sensitive, low
cost, highly reli-
able SPDT relay
rated at 3 amps,
28 vdc. Coil volt-
ages 3-24 vdc.
Can be used for a
wide range of industrial and commer-

cial control functions and alarm sys-
tems.

Series 28. Same as Series 10, but fur-
nished with a dust
cover for use in
appliance con-
trols, remote TV
tuning, industrial
process controls and similar functions.
Series 38. DPDT, 3 amp 28 vdc con-
tacts. Coil ratings
3-24 vdc. Applica-
tions include
business machine
controls, antenna
rotor controls, in-
dustrial process
controls, etc.

GP. A miniature general purpose relay
with 2, 4, or 6 PDT contacts, rated 1, 2
or 5 amps, 28 vdc
or 115 v, 60 hz.
Coil voltages:
6-115 vdc. Con- _
sider the GP for
copiers, business
machines, control
or alarm systems,
etc. Available with single or bifurcated
contacts.

Send for information. Complete technical data on NAPCC relays
available on request. Write today.

PRICE ELECTRIC RELAYS

NORTH AMERICAN PHILIPS CONTROLS CORP

A NORTH AMERICAN PHILIPS COMPANY

E. Church & 2nd St. - Frederick, Md. 21701 - (301) 663-5141
CHECK NO. 39
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The Elegant
Custom Coils

Inductor coils made with a jeweler’s
touch. At mass-production prices. Ele-
gant answers to applications that de-
mand exacting performance. Like
solenoid control valves. And coils for
computer disc drives. With custom bob-
bins, windings and transfer-mold encap-
sulation executed under a single roof. So
turnaround is fast — even when you want
sample or pilot quantities.

At U.S. Electronics, you'll find all the
precision and finesse you expect from
an EAl component company. Look to EAI
also for transformer kits. For thick-film
audio and servo amps.
For capacitors. Active fil-
ters. Analog/digital con-
verters and other special-

/ function modules. Plus a
growing list of other elegantly crafted

.

U.S. Electronics Corporation
Orient Way and New Jersey Avenue
Lyndhurst, New Jersey 07071

Tel. (201) 438-2400

A Subsidiary of Electronic Associates, Inc.
CHECK NO. 41
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SEMICONDUCTORS

PROM USES FUSIBLE LINKS OF SILICON.
This 1024-bit bipolar Prom is programmed
by breaking fusible links of silicon imbed-
ded in the matrix of the chip. The silicon
fuse separates cleanly and cannot cure or
re-link. The 3601 has an access time of 70
nsec. The PROM is pin-compatible with
mask-programmed Type 3301A ROMs.
Price: $39 each in 100-piece quantities.
Intel Corp., 3065 Bowers Ave., Santa Clara,
CA 95051. Phone (408) 246-7501. 181

COUNTER TIME BASE REQUIRES LESS
POWER AND SPACE THAN TTL. With MK
5009P MOS circuit only one 16-pin pack-
age is required, and power requirement is
only 80 mW. It is designed to operate with
any of three frequency sources: the internal
oscillator; an external crystal; or externally
applied TTL signal. Frequency division
ratios up to 36 x 10® are available. Price is
$15 each. Mostek Corp., 1215 W. Crosby
Road, Carrollton, TX 75006. Phone (214)
242-0444. 182

ONE RESISTOR PROGRAMS MICROPOW-
ER OP AMP. At a nominal value of the pro-
gramming resistor, max input bias current of
the LM4250 is 7.5 nA, input offset current is
3 nA, input offset voltage is 3 mV and stand-
by power dissipation 255 uW. Input resis-
tance varies from 2.2 M) at high set current
to a large as 100 MQ at low set currents.
The LM4250 is pin-compatible with 741 op
amps. National Semiconductor Corp., 2900

Semiconductor Drive, Santa Clara, CA
95051. Phone (408) 732-5000. 183
4-BIT  SYNCHRONOUS  UP/DOWN

COUNTER PAIR operates at 1/4 regular
power yet offers 1/2 the speed of the stan-
1ard-powered counterparts. These counters
offer separate up and down clocks, asyn-
chronous parallel loading and typical oper-
ating speeds of 23 MHz with power dissipa-
tion of 85 mW. Prices for the counters in the
100 up price range are from $6 to $23 each.
Advanced Micro Devices Inc., 901 Thomp-
son Place, Sunnyvale, CA 94086. Phone
(408) 732-2400. 184

GaAs LASER DIODES emit from 4 to 15W.
These diodes will operate at 27°C to duty
cycles of 0.1% when biased in the forward
direction with up to 200 nsec current pul-
ses. All units are available in either a stan-
dard hermetic package or a non-hermetic
high thermal conductivity copper package.
Peak output is at 905 nM. Priced from $8.00
to $27.60 in quantities of 1000. Laser Diode
Labs., Inc., 205 Forrest St., Metuchen, N |
08840. Phone (201) 549-7700. 185

HYBRID IC INTERFACES TTL CLOCKS
WITH MOS SYSTEMS. MHP401 clock driv-
er is capable of sourcing and sinking the
large peak currents necessary in order to
achieve high clock rates while driving
highly capacitive loads. While driving a 500
pF load and operating from +5V and —12V
power supplies, the unit can supply clock
pulses at rates of up to 5 MHz. In 100-up
lots, the MHP401 goes for $3.90. Motorola
Inc., Semiconductor Products Div., P.O.
Box 20924, Phoenix, AZ 85036. Phone
(602) 273-6900. 186

MONOLITHIC D/A CONVERTER HAS 8
+1/4-BIT ACCURACY. The DA110 series of
devices employs an R-2R ladder network of
diffused resistors plus passive PMOS switch-
es. LSB accuracy of the DA110 is rated at
+1/4-bit. All devices have settling time to
LSB of 4usec. Prices in 1-29 quantities
range from $31.50 for the DA112 to $15.00
for the DA110. Siliconix Inc., 2201 Laurel-
wood Road, Santa Clara, CA 95054. Pnone
(408) 246-8000. 187

300-A HIGH-CURRENT ARRAY OF INTER-
CONNECTED SILICON TRANSISTORS,
type TA8642 consists of six 50A transistors
mounted in a plastic package with a com-
mon collector connection. With the six
transistors connected in parallel the device
features a switching capability of 300A and
a dissipation of T000W. The TA8642 is
priced at $99 in quantities of 1-99 units.
RCA Solid State Div., Box 3200, Somerville,
NJ08876. Phone (201) 722-3200. 188
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POWER DARLINGTONS FEATURE HIGH
VOLTAGE, HIGH GAIN and low saturation
voltage. The U2T501/U2T601, a 20 Amp
NPN-  series, offers current gain up to 2000
min. @ T0A and voltage ratings of 80 and
150 V. The series is available in 3-pin TO-3
and TO-66 chassis mounted hermetically
sealed metal packages, priced at $4.30 in
100 quantities. Unitrode Corp., 580 Pleas-
ant St., Watertown, MA 02172. Phone (617)
926-0404. 189

COMPARATORS HANDLE LONG BINARY
NUMBERS. The DM7130/8130 ten-bit
comparator determines equality or non-
equality between two words while the
DM7160/DM8160 compares six-bit words,
in about 20 nsec. For longer words, the
comparators may be paralleled. Prices in
100-up quantities are DM7130D, $16.00;
DM7160J, $11.00; DMB8130ON, $4.50;
DM8160N, $3.25. National Semiconduc-
tor Corp., 2900 Semiconductor Drive, Santa
Clara, CA 95051. Phone (408) 732-5000.

190

HIGH-SPEED COUNTER PAIR IS PIN
COMPATIBLE WITH 54/74192 and 193.
These 4-bit synchronous up/down counters
offer separate up and down clocks, asyn-
chronous parallel loading and operate at
typical speeds of 32 MHz. Prices for the
counters in 100-up mix quantity are: Her-
metic DIP, (=55°C to 125°C) is $20.70
each, and Molded DIP, (0°C to 75°C) is
$5.40. Advanced Micro Devices Inc., 901
Thompson Place, Sunnyvale, CA 94086.
Phone (408) 732-2400. 191

SYNCHRONOUS CMOS UP-COUNTERS |

OFFER 6 MHz OPERATION. The MC14518
provides a dual, BCD function while the
MC14520 offers dual binary up-counting.
Counter stages are type-D flip-flops that
have interchangeable clock and enable
lines. This allows counting on either posi-
tive- or negative-going clock signal transi-

tions. Prices range from $7 to $12.90 in |

orders of 100. Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoenix, AZ
85026. Phone (602) 273-6900. 192

Voltage transient

and overcurrent protection
in one compact package,
reasonably priced.

The Heinemann JA/Q"

crowbar/circuit breaker.

Therearemanywaysto protect semi-
conductor devices, of course. Ours
hasone indisputable advantage over
the others.

It's available now. As a single,
tested component you can buy from
a single, reliable source.

You save thereby a sizable chunk
oftime in getting your product ready
for market. And reduce your costs as
well —design costs, procurement
costs, assembly costs, testing costs,
and the overhead costs associated
with all of the foregoing.

The JA/Q is broadly applicable to
semiconductorcircuits, whether dis-
crete, IC, or hybrid. Its internal crow-

bar will clamp a voltage transient to
groundwithin 500 nanosec, at =10%
of the firing voltage you specify.
Within about 10 millisec, the circuit
breaker section will remove the pro-
tected load from the line.

The JA/Q package will also serve
you as a conventional overcurrent
protector, with time-delay or non-
time-delay response and the per-
formance accuracy unique to the
hydraulic-magnetic circuit breaker.

Our Bulletin 3371 will give you
detailed specifications on the JA/Q.
Haveussend youacopy. Heinemann
Electric Company, 2808 Brunswick
Pike, Trenton, N.J. 08602.

HEINEMANN

CHECK NO. 42
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ECCOAMP

ELECTRICALLY CONDUCTIVE
ADHESIVES & COATINGS

eccoamp
electrically
gonductive
adnesives &
coatings

New four page folder describes materials
from 0.0001 to 100 ohm-cm. Adhesive pastes
to replace hot solder, thin liquids, silver lac-
quer in aerosol spray, lossy coatings, etc.

CHECK NO. 67

ECCOMOLD®
EPOXY MOLDING
COMPOUNDS

-

i

Comparative physical, electrical and pro-
cessing properties of Eccomold transfer
molding compounds are in colorful chart.
Typical applications are indicated.

R

CHECK NO. 68

CRYSTAL CLEAR
EPOXY CASTING RESIN

Several transparent Stycast® resins are
offered for making display embedments
or castings. A convenient chart is avail-
able to aid in selection of the most ap-
propriate system. It is yours for the ask-
ing.

CHECK NO. 70

Emerson & Cuming, Inc.
CANTON, MASS.
GARDENA, CALIF.

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Beigium

‘ CIRCUITS

A/D CONVERTER ENCODES 8 BITS IN
4.0SEC MAX! The high speed, small size
(2.0 in. X 2.5in. X 0.4 in.) and accurate per-

formance of the aimADOB800 Series is
achieved by combining a monolithic
aimDAC100 D/A Converter and com-

parator to form a successive approximation
A/D. One option guarantees a minimum of
1,000,000 5-bit conversions per sec. Prices
at 100-249 pieces: aimAdO800 —$160.00.
Precision Monolithics Inc., 1500 Space Park
Drive, Santa Clara, CA 95050.
(408) 246-92251

Phone

193

MINIATURE DROP-IN  CIRCULATOR
COVERS 1.225 TO 1.425 GHz. The tab-
lead circulator has an isolation of 20-dB
minimum, an insertion loss of only 0.5 dB
maximum, and a maximum VSWR of 1.25.
Designed for 5082 microstrip or stripline cir-
cuits, Model 1419-1107 has a 1-kW peak,
50W average power rating and will operate
from —40 to +71°C. It measures 1 X 1 X
0.3 in. and costs $277. Trak Microwave
Corp., 4726 Eisenhower Blvd., Tampa, FL
33614. Phone (813) 884-1411. 194

FET OP AMP OFFERS +5-uV/°C VOLTAGE
DRIFT and input bias of £5 pA maximum.
Model 350k also has low input voltage
noise of 3 uV pk-pk from 0.01 to 10 Hz and
3 wV rms from 10 Hz to 10 kHz. Input cur-
rent noise is 0.1 pA pk-pk over 0.01 to 10
Hz and CMRR is 10*. Output is =10V at =5
mA. Cost is $49 ($35 for Model 350) with

+15-uV/°C input voltage drift). Function
Modules, Inc., 2441 Campus Dr., Irvine, CA
92664. Phone (714) 833-8314. 195

7-SEGMENT DECODER/DRIVER-CON-
NECTOR COMBINATION. Model DD-20
decoder/driver-connector and Model DDL-
20 decoder/driver latch connector combina-
tion features intensity modulation control,
5V operation, ripple blanking, a lamp-test
provision and DTL, TTL and RTL-compat-
ible BCD inputs. Other features include
high-current sinking capability for direct
display driving and leading/trailing-zero

suppression. Pinlites, Box 453, Caldwell,
| N J07006. Phone (201) 575-8820. 196

INDUSTRIAL FREQUENCY SENSOR OF-
FERS +29% ACCURACY. The sensor de-en-
ergizes power lines when the frequency of a
single or 3-phase line exceeds a pre-set lim-
it. The pre-set low-frequency limit is pro-
grammed into the device. When the limit is
exceeded, the unit de-energizes to operate
alarms or shutdown the system. When the
line frequency resumes permanently, the
sensor automatically re-energizes the sys-
tem. Price for the LFS-1 is $65. Logitek, Inc.,
42 Central Dr., Farmingdale, NY 11735.
Phone (516) 694-3080. 197

TWO-FREQUENCY TONE SQUELCH SS-
80) for two-way radio users measures 2-
2 /3 x 1 x5/8 in. The $5-80) employs
thick-film microelectronic modules that
contain all of the active circuitry used for
encoding and decoding. The modules fit
into a unique edge connector on a small PC
board. Tone frequencies are available from
20.0 to 250.0 Hz. Alpha Electronic Ser-
vices, Inc., 8431 Monroe Ave., Stanton, CA
90680. Phone (714) 821-4400. 198

FOUR-QUADRANT MULTIPLYING D/A
CONVERTER DAC-MV Series offers output
response of dc to 200 kHz and output set-
tling time of 1.5 usec to 0.01% of fullscale.
Requiring only one variable reference input,
it can be used as a conventional or multiply-
ing d/a converter. The analog output of the
converter is a product of the bipolar refer-
ence input and a digital word input. TC is
+30 ppm/°C and fullscale accuracy is
+0.01%. Prices range from $99 to $139.
Datel Systems, Inc., 1020 Turnpike St., Can-
ton, MA 02021. Phone (617) 828-6395.

199

AF/F N pRM

ivencd %
TEMPERATURE-COMPENSATED CRYSTAL
OSCILLATOR IS =107 STABLE OVER 0
TO +50°C. Model CO-252-3A employs

computer-compensation  techniques  to
achieve this stability without the use of an
oven. Low-current drain of 5 to 10 mA,
1 x 107% per day and 1 x 10°% per year
long-term stabilities and instantaneous ““on-
frequency” operation are other features.
Models are available with sine, TTL or
CMOS outputs in the 1-to-20-MHz range.
Other models are available to cover 60 Hz
through 80 MHz. Vectron Laboratories,
Inc., 121 Water St., Norwalk, CT 06854.
Phone (203) 853-4433. 200
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X-BAND GUNN-EFFECT OSCILLATOR
SSX-12011 which is constructed in conven-
tional wave-guide-flange configuration and
requires no additional cavity for normal
stability requirements features output power
of 20 mW with a varactor tuning range of
50 MHz and 10 mW with 90-MHz tuning.

Mechanical tuning range is 1200 MHz.

Sperry Electronic Tube Div., Waldo Rd.,
Gainesville, FL 32601. Phone (904) 372-
0411. 204

ULTRA-HIGH-SPEED HIGH-PRECISION
A/D CONVERTER. Model GMAD-01 has a
conversion time which is proportional to
resolution and ranges from 100 nsec for 7 or
8 binary digits and sign, to 500 nsec for 12
bits and sign. Conversion speed for 13 bits
without sign is 1 usec. Accuracy is propor-
tional to resolution (+1/2 LSB). At 13 bits,
the specified accuracy is +0.015%. Sam-
pling aperture time is 1 nsec. Preston Scien-

tific Inc., 805 E. Cerritos Ave., Anaheim, CA
92805. Phone (714) 776-6400. 202
4-CHANNEL MULTI-SPEED S/D CON-

VERTER S3313 converts 2-speed,
synchro data to a decimal display readout.
The combined synchro angle is read out
from 0 to =179 degrees 59.9 minutes. This
readout is also available as an electrical
output in 32-bit serial binary and sign plus 6
digits in serial and parallel BCD. Gap Instru-
ment Corp., 110 Marcus Blvd., Hauppauge,
NY 11787. Phone (516) 273-0909. 203

TWO OPTO-ISOLATOR COUPLERS are
the CM4-5010 and CM4-5020 with typ-
ical isolation resistances of 10''€). Break-
down voltage for the latter is 2500V dc and
current transfer ratio is 20%. Both units are
packaged in standard mini-DIP cases. Costs
for the CM4-5010 in 1000 quantities is
$1.40 each. The CM4-5020 costs $2.95
each in 1000 quantities. Chicago Miniature
Lamp Works, 4433 N. Ravenswood, Chica-
g0, IL 60640. Phone (312) 784-1020. 201

TRANSIENT VOLTAGE-SUPRESSION
MODULE for Type S devices contains an
RC circuit and is intended for use with Type
S coils rated 120V or less.
to limit the transient voltage
200% of peak line voltage. Suppression
components are encapsulated, protecting
them from mechanical and environmental
damage. Two leads from the module are

It is designed
8
pulse to

connected across the suppressor’'s coil.
Square D Co., Milwaukee, WI 53201.
Phone (414) 332-2000. 205

3-wire |

new electronic
pressure

.01 TO 10,000 psi
ADJUSTABLE HIGH-LOW LIMITS

CONTROL
SYSTEMS

1z The Series CP-400 electronic pres-
£3,

225 sure module and sensor can react
4

in milliseconds. Automatic control,
inspection and test can be accom-
plished by unskilled personnel
directly on site or from a
remote station. Instantane-
ously the electrical signal;
precisely proportional

to the pressure; can

be filtered, rectifi-
ed, compared, reg-
ulated, selected,
rejected or a com-
puter operation
performed before
the final control-
ling is
completed.

Call or
Write:

A

-4
INC.

Woodlyn, Pennsylvania 19094 ¥
Telephone: (215) 532-9464

COLUMBIA RESEARCH LABS.,

ﬂh.

7
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CO’Umbia first for

transducers and control
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CAREER OPPORTUNITIES
WITH A FLORIDA COMPANY
SPECIALIZING IN
ADVANCED COMMUNICATIONS SYSTEMS
AND HIGH TECHNOLOGY
UHF RADIO EQUIPMENT

Electronic Communications, Inc., a subsidiary of
NCR, has openings at all levels for electronic
engineers experienced in the design and develop-
ment of communication systems, RF, digital and
audio equipment. You will be working with major

UHF command and control systems, satellite relay
and telemetry systems, and a variety of other
challenging long-term programs. At ECI, you (like
all of our pros) will function with a minimum of
supervision and a maximum of opportunity for

advancement. ECI is small enough to give your
accomplishments high visibility, yet big enough to
provide the facilities and benefits of the largest
companies. ECI is on Florida's West Coast — the
BEST COAST — in comfortable, sunny cosmo-
politan St. Petersburg.

If you are tops in your field, and if you are
interested in a career opportunity on long-term
programs in an intriguing location, write in con-
fidence today to Paul N. Jordan, Supervisor of
Professional Placement, Electronic Communica-
tions, Inc., Box 12248, St. Petersburg, Fla. 33733.

A Subsidiary of NCR
An Equal Opportunity Employer

CHECK NO. 45




Employee
Drug
buse

A Manager’s
Guide to Action

by Carl D. Chambers and
Richard D. Heckman.
This book has two ob-

jectives: (1) To document the
reality of employee drug abuse and
its potential proportions and (2) to
provide management with in-
formation that will help in for-
mulating and implementing com-
pany-specific policies and programs
to minimize the problem.

For the first time, drug survey
specialists measured the incidence
of on-the-job drug use. Projections
for the use of various drugs, both
legal and illegal, are made for seven
occupational groups:
(1) Professionals, technical
workers, managers and owners;
(2) Clerical and other white collar
workers; (3) Skilled and semi-
skilled workers; (4) Unskilled
workers; (5) Service and protec-
tive workers; (6) Sales workers;
(7) Farmers. The most workable
aspects of existing policies and
programs have been analyzed and
evaluated, along with the pitfalls of
implementation.

The book offers the actual experi-
ences of companies and employees-
a base on which to create one’s
own policy and programs.

Contents:The Extent of Drug Abuse in Business
and Industry; Policy in the Making; Treatment
and Rehabilitation of Drug Abuser; About
Employee Education and Yours; Communica-
ting with Supervisors; An Avocation Ends;
Organizing a Community Drug Council; Ref-
erences and Audio Visual Materials; Drug
Glossary; Sources of Information About Drug

Abuse. 256 pp. $12.50

Cahners Books [

89 Franklin St., !
Boston, Mass. 02110 !
Please send me a copy of |
Employee Drug Abuse: A !
Manager’s Guide to Action for a |
free 15-day examination. If not |
completely satisfied, I may |
return the book and owe |
nothing. Otherwise I will send |
my check for $12.50 plus any |
applicable sales tax. l
O Bill me 7 Bill Company E
1 Payment enclosed ;
(Cahners pays shipping) !

]

|

|

1

Name

Company

Address

City

State Zip
CHECK NO. 46
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COMPONENTS/MATERIALS

HYBRID SUBSTRATES COSTS CUT 50%
BY UNIQUE APPROACH. Utilizing solid-
post multilayer printed circuits and preci-
sion flush circuits, the technique yields low-
cost circuits for mounting beam-lead, flip-
chip and other miniature components. Line
widths of 2 mils on 10 mil centers are
achieved. Boards incorporating these fea-
tures are available in sizes from 1/4 in. x
1/4 in. to 15 in. x 15 in. Photronics, Inc.,
26 Coromar Drive, Goleta, CA 93017.
Phone (805) 968-3451. 206

SOLID STATE AC RELAY SWITCHES 480
WATTS. The GB870 series Reedacs, solid
state AC relays, can switch 480 W at 120V
ac with packaging so small that two units
will fit side by side in a single DIP socket.
Price is $2.90 each in orders of 1,000.

Grigsby-Barton, Inc., 3800 Industrial Drive,
Rolling Meadows, IL 60008. Phone (312)
207

329-5900.

THERMOFLAKE THERMISTORS FOR MI-
CROCIRCUIT APPLICATIONS. The series
F40, F80 and F120 consist of thick film
thermistors not supported by substrate back-
ings. Depending on the size, thermal time
constants range from less than 38 msec to
75 msec. Units are priced from $9.70 to
$14.70 each in quantities of 100 to 249.
Thermometrics, 15 Jean PI., Edison, N |
08817. Phone (201) 548-2299. 208

WIRE INSULATION, KYNAR (R) VINYLI-
DENE FLOURIDE RESIN, has excellent cut-
through resistance. It feeds, cuts and strips
smoothly, takes 180° bends without split-
ting, stands up to automatic wiring ma-
chines or semi-automatic hand tools. For
samples/literature kit and a list of wire
fabricators, write Plastics Dept., Pennwalt
Corp., 3 Parkway, Philadelphia, PA 19102.
Phone (215) 587-7000. 209

MODULAR PLASTIC WIRING DUCT AS-
SEMBLES EASILY. Base, cover, and solid (or
slotted) side panels of the plastic wiring duct
can be assembled quickly to form custom-
ized ducts. Available in 1in., 1 1/2 in., and
3 in. height or width, the 6 ft. long compo-
nents can be readily cut with snips and
punched or drilled for mounting. Wires
routed through the slotted sides are com-
pletely encircled to prevent slipping. Ameri-
can Pamcor, Inc., Box 1776, Paoii, PA
19301. Phone (215) 647-1000. 210

SEMICONDUCTOR COOLING PACKAGE
DISSIPATES 450W. The hole pattern in
each HP3 can be arranged for single or dual
semiconductor mounting, allowing the use
of up to 8 semiconductors. Cost in a 10-
piece quantity is $9.95 each, without fans.
International Electronic Research Corp.,
135 E. Magnolia Blvd., Burbank, CA 91502.
Phone (213) 849-2481. 211

LONG LIFE KEYBOARD SWITCH COM-
BINES GOLD CONTACTS with crosspoint
configuration, eliminates interference from
foreign particles. This single pole, momen-
tary contact switch is not affected by expo-
sure to moisture and thermal shock. Tests
were terminated on 12 samples at
100 x 106 operations with all 12 switches
functional. The keyboard switch module is
available (without key cap) at $0.29 in
250,000 quantity. Cherry Electrical Prod-
ucts Corp., 3600 Sunset Ave., Waukegan, IL
60085. Phone (312) 689-7600. 212
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FASTER ILLUMINATING DISPLAY HAS
“KEEP ALIVE” CATHODES. The ‘“keep
alive”” cathode is an internal ion source that
improves the overall operation of these dis-
plays in multiplex applications, dark envi-
ronment, low-temperature environments
and applications where suppression or
blanking of zeros is a requirement. The
5000 Digit price is $2.30. Sperry, Informa-
tion Displays Div., P.O. Box 3579, Scotts-
dale, AZ 85257. Phone (602) 947-8371.

213

DIP  SOCKETS FEATURE POSITIVE
CLOSED-ENTRY INSULATORS which pre-
vent damage to socket contacts during
IC insertion. IC leads are gripped on ends
rather than on sides to assure maximum
retentive force. Data sheets as well as FREF
SAMPLES for approval are available. Re
quest samples on your company letterhead.
Inquiry Processing Dept., JOLO Industries,
11861 Cardinal Circle, Garden Grove, CA
92643. Phone (714) 636-4940. 214

THUMBWHEEL SWITCH IS AVAILABLE IN
ALL STANDARD CODES. It is available
with colored wheels, special markings,
extra-long PC boards for component mount-
ing, and 240 different binary codes as well
as 10- and 11-position decimal outputs.
The P switch is designed to deliver depend-
able operation for more than 1 million de-
tent operations. Type P switch is priced at
$2.85 each in quantities of 100 units. Inter-
switch, 770 Airport Blvd., Burlingame, CA
94010. Phone (415) 347-8217. 215

METALIZED POLYCARBONATE CAPACI-
TORS OFFER MAJOR SIZE REDUCTION.
Mini-Miniature 22 Series now produced in
a variety of standard encasements styles and
leads, in 50V dc and 100V dc sizes. Ranges
are from 0.001 uF. through 50 wF. A typical
size in the 22R Series is 10.0 uF, 50V dc,
with 0.58 in. O.D. X 1.16in. in length. S &
El Manufacturing, 18800 Parthenia St.,
Northridge, CA 91324. Phone (213) 349-
4111. 216

New 590
Series Switc

milions of
opertions for

only 84%*

Over 2,000,000 operations at IC signal

levels, with bifurcated wiping double-break

contacts; virtually bounceless perform-

ance comparable to a high-quality rotary

switch; easy front-panel lamp/button

replacement; and a choice of standard or

truncated buttons offer a reliability and flexibility

unique among low-cost illuminated pushbutton

switches. New 590 Series has large legend display

area, and snap fits into a standard 11/16” dia. panel

mounting hole. They are now available from stock for

your application. For complete details, write or call:
* In 1,000 lots

MARCO-OAK
Subsidiary of "“I{ Industries Inc.

P.0O. Box 401 207 S. Helena Street
Anaheim, Calif. S2803 ¢ Tel (714) 535-6037

Marco-Oak Products are Available World-Wide
CHECK NO. 47

Improve Your Electronic Displays with

3M BRAND DISPLAY FILM

This unique new microlouvered film
can enhance electronic displays by:

1 Sharpening Contrast
2 Reducing Ambient Light Glare
3 Creating Pre-Selected Viewing Angles

For more information, contact 3m
Display Film Products s

3M CENTER *» ST. PAUL.MINNESOTA 55101

Building 220-11E « (612) 733-0128

CHECK NO. 48



EQUIPMENT

PORTABLE 3-DIGIT DVM, Model 3300, is
housed in a ruggedized Lexan case that will
withstand dropping and banging. The 3300
operates from 115V ac or Ni-Cd batteries.
Exclusive cam rotary switches prohibit the
selection of improper combinations of
ranges and functions. Five dc, four ac-volt-
age and five resistance ranges are available
in this 7-1/2-Ib (with battery) $350 instru-
ment (add $50 for battery pack). Dana Lab-
oratories, Inc., 2401 Campus Dr., Irvine, CA
92664. Phone (714) 833-1234. 219

512-MHz COUNTER-TIMER, Model 600H,
costs only $1095. Its additional measuring
modes include period, time interval, fre-
quency ratio, totalizing and stopwatch. A
unique input-triggering feature synchroniz-
es the internally controlled gate with the
signal frequency. Called Syncrostart, it re-

duces quantizing error to —1, +0 counts
from the usual =1 count. Model 600 (50-
MHz) is available for $750. Newport Lab-
oratories, Inc., 630 E. Young St., Santa Ana,

220

CA 92705. Phone (714) 540-4914.

DIGITAL RADIOMETER/PHOTOMETER
SYSTEM, IL600A/IL630, combines digital
and analog readout for monitoring optical
radiation over the spectral range of from
200 to 1100 nm. Eleven overlapping sen-
sitvity ranges provide an overall dynamic
range of 1 X 106 to 1. Maximum full-scale
sensitivity is 0.001 uA. The system also has
four ranges of cancellation current from
0.005 to 5 pA. Itis priced at $1247. Interna-
tional Light, Inc., Dexter Industrial Green,
Newburyport, MA 01950. Phone (617) 465-
5923. 221

L

perforated

materials

AVAILABLE
FROM STOCK

Write for
stock list

brochure

THE o

arrin

PERFORATIN

CHICAGO OFFICE AND WAREHOUSE
5650 FILLMORE STREET
CHICAGO, ILLINOIS 60644

gton &

L ]
ing
G CO. INC.

EASTERN DIVISION
E. CRESCENT AVE. AT ARROW RD.
RAMSEY, NEW JERSEY 07446

CHECK NO. 49
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PROGRAMMER HANDLES FUSIBLE-LINK
ROMS. Manual programming of all Signet-
ics fusible-link ROMs is easy on the PR-369
master programmer. It will program five dif-
ferent ROMs of both 32-x-8 and 256-x-4
organizations including the new high speed
Schottky devices. Pressing a single pushbut-
ton per output initiates an automatic, inter-
nal programming sequence. The instrument
is priced at $399. Curtis Electro Devices,
Box 4090, Mountain View, CA 94040.
Phone (415) 964-3136. 222

RECORDING  MILLIVOLTMETER/MILLI-
AMMETER single-channel Model 202-100
features a channel width of 100 mm and
a unique stylus replaceable by untrained
personnel without tools. The instrument
permits full-scale ac and dc readings of
0 to 50 mV, 0 to 1 mA or O to 50 uA. Re-
cordings are made without ink on a new
low cost heat-sensitive paper. Price of the
unit is $350. Astro-Med, Div. of Atlan-Tol
Industries, Inc., Atlan-Tol Industrial Park,
W. Warwick, Rl 02893. Phone (401) 828-
7010. 223

ELECTRONIC SIGNAL RECORDER offers
signal--torage capabilities with greater flexi-
bility at a fraction of the cost of storage
scopes. Model 7050A Electronic Signal
Recorder (ESR) uses a continuous magnetic
loop. Bandwidth of the carrier system is dc
to 100 kHz. The writing speed exceeds
3000 div./msec with a dynamic range great-
er than 34 dB. The $985 ESR continuously
recoras and is triggered to the store mode.
Ballantine Laboratories, Inc., Box 97, Boon-
ton, N | 07005. Phone (201) 335-0900.224

$285 PULSE GENERATOR features repeti-
tion rates from 2 Hz to 20 MHz in 7 over-
lapping ranges, 5-nsec rise/fall times, vari-
able pulse width from 20 nsec to 200 msec
and a variable 5V output into 50€ (baseline
is fixed at 0 =0.25V. A 40-mA sink current
is available. Model 99 unit has fixed 5-nsec
delay and 5% pk-pk maximum overshoot at
5V output. Systron-Donner Corp., -Data-
pulse Div., 10150 W. Jefferson Blvd., Cul-
ver City, CA 90230. Phone (213) 870-6771.

225

E DN AlLGUESE a5, 109 7 2



LITERATURE

AUTOMATIC TIMING
& CONTROLS, INC

TIMER AND COUNTER CATALOG de-
scribes a line of time, count, program and
step controls and accessories. The catalog
includes a selection guide and a glossary of
timer and counter terms used. Automatic
Timing & Controls, Inc., King of Prussia, PA

19406. 231

MODEM FACT SHEET. Pulsecom has a new
brochure describing their complete line of
low speed, Bell compatible data modems.
Designated the 4080 Series, the modems
are available in a variety of configurations,
featuring TTY, EIA, or TLT interfacing, loop
back testing and visual diagnostics, and
dedicated or dial line operation. Pulsecom,
5714 Columbia Pike, Falls Church, VA
22041, 232

THE J133 TEST-PACKAGE CATALOG from
Teradyne contains a 55-page price list and
catalog for the analogical-circuit test instru-
ment. Over 3800 digital ICs that can be test-
ed on the J133 are listed by manufacturers’
part numbers, with the stock numbers and
prices of the J133 programming boards for
each IC. Teradyne, Inc., 183 Essex St., Bos-
ton, MA 02111. 233

MODEMS . . . Bell-compatible 300, 1200
and 2400 bps data sets, plus other special-
ized data communications products are
described in a new 4-page catalog. Full
specifications of the modems, as well as
Bell equivalency and compatibility are giv-
en in chart form. The catalog also describes
a multichannel FSK/FDM data transmission
system, a speech-plus adapter and a multi-
line switch. Tele-Dynamics Div. of AMBAC
Industries, 525 Virginia Dr., Fort Washing-
ton, PA 19034. 235

THERMISTOR CATALOG, L-4A, covers a
broad variety of thermistor sensors and sen-
sor assemblies. Included in this catalog is a
sampling of the most commonly used types
of FE thermistors and probe assemblies
which include Iso-Curve and Uni-Curve, R-
T curve matched interchangeable thermis-
tors, FE thermistor beads, probes, discs,
washers, rods as well as expanded listing of
fast-response glass-probe thermistors and
thermistor glass encapsulated diode types.
Fenwal Electronics, 63 Fountain St., Fram-
ingham, MA 01701. 236

FREQUENCY SOURCES and accessories
including frequency synthesizers, extremely
stable signal generators, broadband and
tunable power amplifiers and modular am-
plifiers are described in a new catalog. RF
Communications, Inc., 1680 University
Ave., Rochester, NY 14610. 237

MINICOMPUTER TAPE DRIVE. A new bro-
chure describes operations and specifica-
tions of the Model TMY digital tape drive.
The TMY is a low-cost, 7-inch-reel tape
drive for minicomputers, data terminals, key
tape equipment and process-control sys-
tems. Request brochure: C-308. Ampex
Corp., Marketing Communications, 13031
W. Jefferson Blvd., Marina del Rey, CA
90291. 238

MINIATURE STRIP-CHART RECORDERS
from Amprobe are shown in a new catalog.
Also described are ac and dc ammeters and
voltmeters, ac volt/ammeters, thermome-
ters, pyrometers, event recorders and time-
sharing recorders that record up to 3 vari-
ables on the same chart. Amprobe Instru-

ment, 630 Merrick Rd., Lynbrook, NY
11563. 239

2400 BPS MODEM. The illustrated 8-page
data sheet includes features, technical data,
as well as typical applications diagrams for
Modem 24. The modem uses MOS LSl tech-
nology to improve system efficiency and re-
liability. Other features offered include sys-
tem error diagnosis from a single site, on-
line evaluation of the data communication
system, and modem self-test capability. In-
ternational Communications Corp., 7620
N. W. 36th Ave., Miami, FL33147. 240

THE STORY OF COMPUTER GRAPHICS.
An amusing 12-page, 11 by 14 booklet tells
the story of man’s attempts to communicate
using graphics. The publication details
specifications of the H-P Model 7200A
graphic plotter. In easy-to-read cartoon
style, “The Story of Computer Graphics”
demonstrates advantages of graphical com-
puter output and gives many examples in
the fields of business statistics, mathematics
and engineering. Hewlett Packard, 1501
Page Mill Rd., Palo Alto, CA94304. 241

O Solid State
miniaturized module
O DTL/TTL compatible
O Digital output register
O Bms conversion time

One Speed

(1X) Abit 1 (MSB)
— ASI

MODULE

M4000

2 speed

input 14 bit

output

multi-speed AS|
(64X) MODULE
M4000
~d Bt 14 (LSB

The block diagram shows two
ASI| modules which form a
complete 14-bit 2-speed
converter. No external mix-
ing logic or programming is
required. For further informa-

K tion contact astrosystems, mc,J

astrosystems, inc.
6 Nevada Drive
Lake Success, New York 11040

!516) 328-1600

See us at WESCON, Booths 1111-1112
CHECK NO. 50
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Model 55 printer in @ case
with interface
and power supply

Add Addmaster’s Model 55 to
any instrumentation device
for hard-copy printing.

12-column capacity

12 characters to each
column

Numerals or limited
alpha characters

TTL compatible A

115V 60-cycle AC driven it

Uses standard adding mac .

Prints 3 lines (36 characters) per second

Accepts serial by character or full parallel B. C. D. data inputs

Under $500.

ADDMASTER

Addmaster Corporation
416 Junipero Serra Drive, San Gabriel, California 91776

CHECK NO. 34

New Solid State
Industrial Timers
fixed & resistor or knob
adjustable delays

from 0.1 to
360 sec.

g i

MIL-R-6106

BABCOCK
usa

MIL-R-5757

conTs gABCOCK
! e Babcock’s new family of DPDT solid
7 state industrial timers are offered in "
fixed and adjustable versions. These "
. R 10 and 15 amp models feature ac-  TIMERS/SENSORS
i meresns. CUTacies to +5%, with a repeatabil- .
280 e ity of +1% over a mechanical life ——— |
of 10,000,000 cycles. Get detailed in- WPl
. formation today on this new timer encury weTTED

series — and its application to your
job —from Babcock Electronics Corp.,
3501 N. Harbor Blvd., Costa Mesa,
Calif. 92626: (714) 540-1234,

s FR[[ . new industrial control products sum-
e mary catalog — listing Babcock’s line of general
&&_ﬂ.: purpose, dry reed, mercury-wetted relays, and

timers and sensors.

2A INDUSTRIAL

BABCOCK

A UNIT OF ESTERLINE CORPORATION
CHECK NO. 61

LITERATURE

nationwide
instrument marketing

INSTRUMENT MARKETING CATALOG
from Leasametric. The 64-page catalog
covers three sections: the first contains de-
tailed specification sheets of twelve new
DVMs by seven manufacturers; the second
covers used Hewlett-Packard and Tektronix
equipment that is refurbished and guaran-
teed by Leasametric’s Metricycle Div. It also
serves as a ‘‘blue-blook” of used prices;
while the last section contains rental rates
and information on instruments located at
the five Leasametric inventory centers. Leas-
ametric, 822 Airport Blvd., Burlingame, CA

94010. 242

MODULAR OSCILLATORS are described
in a new 12-page catalog. Some 18 different
models of crystal and tuning-fork controlled
oscillators, covering a frequency range of
0.00001 Hz to 40 MHz, are described in
detail. Fork Standards, Inc., 205 Main St.,
W. Chicago, IL 60185. 243

ACTIVE FILTER FACTS are provided in a 6-
page active filter report. It gives the systems
engineer data needed for the selection of
proper filter characteristics. Plots of phase
shift, frequency and step response are pro-
vided for 2, 4 and 6-pole lowpass filters with
Butterworth, Bessel and Techebyscheff
transfer functions. Bandpass and bandreject
curves are also covered. Frequency De-
vices, Inc., 25 Locust St., Haverhill, MA

01830. 244

SONAR TRANSDUCER CALIBRATION
SYSTEMS S-7 from Dranetz Engineering are
described in a four-page bulletin. The sys-
tems provide transmitting frequency re-
sponse, receiving response, beam patterns
and impedance/admittance plots on under-
water transducers. Dranetz Engineering
Laboratories, Inc., 2385 S. Clinton Ave., S.
Plainfield, N | 07080. 245

A SERVO CONTROLLER for driving a hy-
drodynamic actuator in load or position
closed-loop servo control is described in a
new bulletin. The controller is designed for
use with either two-or three-stage servo
valves, with signal conditioning for ac and
dc transducers. Pegasus Div., Koehring Co.,
2890 John R. Rd., Troy, MI 48084. 246
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SOLID-STATE TRANSDUCERS are listed in
a four-page bulletin. This bulletin describes
the principle of operation of these integrat-
ed sensor (IS) transducers which are distin-
guished by their compact size, high output,
outstanding dynamic and steady state char-
acteristics and excellent reliability. Kulite
Semiconductor Products, Inc., 1039 Hoyt
Ave., Ridgefield, N | 07657. 247

UNIVERSAL CONTROLLER AND DISC
SYSTEM— A new eight-page, four color bro-
chure describes the Model 844 universal
controller and disc storage system for
OEM'’s and end users. In addition, the bro-
chure describes the design and applications
of the new Model 844 and contains a de-
scriptive specification sheet for different
disc drives available with the new control-

ler. Cherry Hill Industrial Park, Cherry Hill,
N J 08003. 248

RF LOADS AND WATTMETERS are shown
in a new 4-page short-form catalog. The
catalog lists all standard and a dozen new
coaxial load resistors, absorption wattme-
ters, directional wattmeters, rf attenuators
and coax switches. Bird Electronic Corp.,

30303 Aurora Rd., Cleveland, OH 44139.
262

16-PAGE  TRIPLETT TEST-EQUIPMENT
CATALOG features the newest digital and
FET VOMs, accessories, instrument kits and
a VOM selector chart. It includes hand-size
portables and general multi-purpose VOMs,
FET VOMs with micro-power dissipation,
low-power ohms and auto-polarity features.
Triplett Corp., Bluffton, OH 45817. 263

PRECISION ELECTRONIC TEST EQUIP-
MENT from Rohde and Schwarz are de-
tailed in a short-form catalog. It contains a
selection of automated and programmable
equipment which includes power, sweep,
noise, AM/FM-synthesized and program-
mable signal generators, precision termina-

tions, fixed-variable and programmable at-
tenuators.
(USA) Inc.,
NJ 07055.

Rohde and Schwarz Sales Co.
111 Lexington Ave., Passaic,

264
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3
5

5”x1-3/4” Panel Space

Miniaturized —Takes only

\
-

astrosystems

Say hello to the boys next door.

People come from all over the world todiscover
the man-made and natural wonders

of America. And you have a heck of a head start—
it's all in your own backyard.

astrosystems, inc.

6 Nevada Drive

Lake Success, New York 11040
(516) 328-1600

This year, discover America. Carve out

a great vacation. m
DISCOVER AMERICA | ITS SOME BACKYARD

e b E A BEAES UAVE G

BIROBRWACQTHEI RS RN RNT 4.

' See us at WESCON, Booths 1111-1112
CHECK NO. 62
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three cheers
for the
little guy!

The “little guy”’—a miniaturized crystal, filter or oscillator—is
an integral part of MCCoy's product line. This tiny fellow is
pressed into service in space programs, where light weight and
compact designs prevail in portable miniature transceivers for
commercial and industrial applications, in mini computers and
modems, in small wildlife tracking systems, in headgear com-
munications systems where reliability is paramount...in fact
we're sure that one of our “little guys” can find a home in
equipment of your manufacture, adding value while reducing
space and weight.

Remember MCCoy Electronics for your next requirement. We've
led in pioneering crystal product innovations for the past dec-
ade. After you've seen how our little guys work, you can join in
the cheering.

[ jEoYescmoncs
COMPANY

a subsidiary of OAK ELECTRO/NETICS CORP.

MT. HOLLY SPRINGS, PENNSYLVANIA 17065
TELEPHONE: 717-486-3411 « TWX: 510-650-3548

CHECK NO. 63
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DESICGN DATA

APPLICATION NOTES

“OPTICAL TECHNIQUES FOR MEASUR-
ING FLATNESS” is a FREE 15-page booklet
covering the theory of light-wave interfer-
ence and the use of optical flats. The con-
tact method and two non-contact methods
of interference testing are covered along
with 3 pages of typical interference patterns
and their interpretations. Edmund Scientific
Co., Barrington, N J 08007. 249

24 PAGE APPLICATION MANUAL FOR
REED SWITCHES. Included are the opera-
tion of magnetic reed switches with perma-
nent magnets and electromagnetic actua-
tion. Physical dimension data, arc suppres-
sion and other considerations follow. Con-
tact materials and reasons for each are
covered. Last part of brochure includes
nearly four pages of explanation of terms
and definitions. Ask for Bulletin EO0010.
Hamlin, Inc., Lake Mills, W1 53551. 250

APP NOTE SIMPLIFIES OP-AMP NOISE
CALCULATIONS. A six-page note simpli-
fies the computation of total equivalent in-
put noise for operational amplifiers. Several
examples of the use of the formula are given
by its application to the SS5725, a low-
noise, low-drift op amp. Also presented is a
discussion of the effects of power supply
noise and type of frequency compensation
used. Precision Monolithics, Inc., 1500
Space Park Dr., Santa Clara, CA 95050.
251

LSI DESIGN SYSTEM. A 12-page brochure
describes the MD-170 “FEDIS"" LSI design
system. It discusses the need for a modern
LSI design system and the “make or buy”
alternatives. Complete with photos and
charts, it describes the MD-170 operation in
detail. Also, four pages are devoted to the
“CADIS" software programs that—together
with “FEDIS”” — provide the designer with a
unique and virtually error-free system for
checking his LSI designs. Macrodata Co.,
20440 Corisco St., Chatsworth, CA 91311.

252

APPLICATIONS BULLETIN DESCRIBES
MAGNETIC DIODES, magnetic-sensitive
semiconductor devices, which change their
internal resistance as a function of an exter-
nal magnetic field. By altering the magnetic
field, electrical signals may be obtained
which allow the conversion of non-electri-
cal into electrical quantities. European Elec-
tronic Products Corp., 10180 W. Jefferson
Blvd., Culver City, CA 90230. 253

ANALOG SWITCH APPLICATION NOTES,
an 8-page bulletin, No. A004, includes a
detailed description of circuit operation and
applications of analog switches, with partic-
ular emphasis on the utilization of a “com-
pensating FET” to obtain effective R, ¢, as
low as 5). Other sections include a discus-
sion of interfacing the switches with +5V
logic, or with +15V open-collector logic.
Intersil, 10900 N. Tantau Ave., Cupertino,
CA 95014. 254

N/C NEWSLETTER. Three N/C case-history
applications, a look at the use of encoders
vs. resolvers, and a discussion of trends in
N/C for nonmetalworking applications are
among the subjects covered in the Spring
1972 issue of N/C INTERFACE. A special
two-page ““N/C Application Guide” is in-
cluded in each issue. Allen-Bradley Co.,
Systems Div., 747 Alpha Dr., Highland
Heights, OH 44143. 255

GUIDE TO SMALL BUSINESS COMPUT-
ERS. The AUERBACH GUIDE TO SMALL
BUSINESS COMPUTERS is addressed to
small businessmen who are taking a first
look at computers and are trying to relate
the capabilities of the many available sys-
tems to the actual needs of their daily opera-
tions. The guide presents reports and charts
that ease the small business computer eval-
uation and selection task. 139 pages,
$19.95. Auerbach, 121 N. Broad St., Phila-
delphia, PA 19107. 256
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Minicomputers 174 70 ¥y Ploetters 37 69 Photometers 221 78
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Surge Voltage Protectors 1 Cov.Il Microwave Circulators 194 74  Instruments 242 80
Power Electrodes 14 22 Instruments 263 81
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KONEKTCON® MAKES THIS EASY! It’s the
Molex system that solves the most complex
board-to-board, board-to-component, chas-
sis-to-board interconnection problems. It’s
economical. Reliable. Quick. Versatile. Uses
only four basic connectors. Unique rigid
square wire male terminals permit stacking
of multiple board connections to the same
circuits. Molex vibration assembly method
stakes up to 300 terminals per minute for
wave soldering. Preassembled round male
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terminal wafers also available for 2 to 18
circuits. Three female terminal assemblies
provide incomparable flexibility: cable-to-
board; board-to-board, parallel; board-to-
board, perpendicular; and board-to-chassis.
Plus a variety of options, including a 3-cir-
cuit power transistor. For technical specs
call (312) 969-4550. Or write: Molex Incor-
porated, Lisle, Illinois 60532. /\
.« Creating components that _
simplify circuitry molex
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Highly respected company with
reputation for fast handling of spe-
cial resistance projects seeks chal-
lenging assignments in thick film.
Completely equipped to design
and/or produce special circuitry
inside DIP and SIP packages.
Laser trimming facilities for high
volume needs. Also special capa-
bilities for non-standard config-
urations, hybrids and high power
requirements. Custom substrate
preparation, including LED metal-
lization, a specialty. References
furnished. Contact your Dale Rep-
resentative or call 402-564-3131.

Dale Electronics, Inc., Box 609,
Columbus, Nebraska 68601.

In Canada: Dale Electronics
Canada, Ltd. A subsidiary of
The Lionel Corporation.

CHECK NO. 66

at
]
-
»
-
-
-
o
-




