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How effective are data
transmission error checks

Active filters don’t have
to be limited to unity gain
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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.
Wecall 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,
110 6.8 pF depending on model).
Siemens is the world’s largest
manufacturer of surge voltage
CIRCLE 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 g

billion dollar name

inquality products. SIEMENS




WE'VE GOT THE

IME

FOR YOUR APPLICATION . . . in all shapes, sizes, and
timing ranges. Time Delay Relays with slow operate or
slow release and time repeat accuracy to +=1%. At
Magnecraft we take great pride in the broad line of Time
Delay Relays available from stock for immediate delivery
and even more on special order.

Solid State Hybrid, Solid State-Static Output, Air Dash-
pot, Copper Slug are some of the types to name just a
few. Features such as plug-in, surface mount, printed
circuit, screw terminals, solder terminals, quick connect
terminals, panel mount, power switching, remote pot,
knob adjust, screwdriver adjust, allen head adjust, open
type, dust covered, hermetically sealed, economy, man-
ually actuated, multiple contacts, auxiliary output, ex-
tended voltage, special purpose . . . the list is almost
endless.

Maybe you don't need contacts rated to 100 amperes or
timing repeatability to =1% but we have them available
just in case. That's where a broad line can save you
money, you don't have to take more than you need. We
have just the one to fit your needs . . . and if we don't,
we'll make it.

Magnet:raft'g..ecm.c COMPANY

5575 NORTH LYNCH AVENUE « CHICAGO. ILLINOIS 60630 « 312 « 282.5500 « TWX 910 221 5221

TIME DELAY
RELAY
HANDBOOK

Do you know how to properly specify a time delay relay?
We have a dandy 92-page handbook that can help you.
It describes applications you've never thought of. It
offers suggestions on how to specify, testing procedures,
comparisons of one type to another, principles of opera-
tion, and a glossary of terms. This is yours for the asking.

CIRCLE NO. 2



The Economy Line. A to D and D to A converters.

From the leader, Philbrick. A complete selection of the
most wanted data converter modules. Especially designed to meet
the combined requirements of high performance and low cost.

Digital to Analog. The Model 4020 series features 8,
10, and 12-bit or 3 digit BCD with either voltage or current output.

The ultimate in high speed, accurate, adjustment-free
data conversion capability. In a completely self-contained low
profile, low cost module.

High performance D/A converters that are priced as
low as $18 for the 8-bit module in 100’s.

Analog to Digital. The Model 4112 series features 8,
10, or 12-bit resolution and + 1/2 LLSB linearity. Offering speed,
precision, and stability, with no external trimming.

Unusual high performance priced as low as $49 for
the 8-bit module in 100’s.

Ask your local Philbrick representative for complete
details. Or write, Teledyne Philbrick, Allied Drive at Route 128,
Dedham, Massachusetts 02026. For toll-free ready data dial
(800) 225-7883. In Massachusetts (617) 329-1600.

Philbrick Data Converters.
e good ones.
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This one
does a job
for your
competitor.

It might
not be
for you.

3% Torin

Torin Flexibility

Problem: Late in the development stage
of a new product, one of our computer
customers discovered an unforeseen
contamination problem that could only
be corrected by an air supply. No

space allowance had been made for a
blower unit. Air flow and pressure
requirements that required a good sized
centrifugal impeller presented further
difficulty. Space tolerances were tight
and rigid. l{

Solution: Our engineers used a specially-
designed motor with an end bell that,

in order to fit, had to meet a critical
limitation within 20 thousandths of an
inch. To save space the metor was set into
the inlet end of the centrifugal wheel.
The forward-curved inlet duct was given
special configuration to get around
hardware already existing within the
computer. Although the wheel housing
was originally conceived in sheet metal,
experimentation revealed that plastic
would not only reduce costs considerably,
but would also allow better scroll
development. Design to prototype was
accomplished within three weeks.

90,000 units are now in actual use, only
50 have proved less than satisfactory.

PUPS =R TS (g et

Your competitor’s air-moving
problems are his. Yours are yours.
And both are firmly dictated by
optimum product performance.
Often we can produce exactly what
you require through modifications
of existing units. But if custom
design is called for we can turn
that out too. More than 500,000
square feet of modern pro-
duction space results in
competitive pricing and realistic
deliveries.

You see here just one example of
our flexible problem-solving
experience. There's so much more
to the Torin story. Get it first hand
from one of our twenty Technical
Sales Representatives. Or, write or
phone for our tells-it-all booklet.

Torin Corporation

United States: Tormington. Conn
Van Nuys, Calit
Rochester Ind . Elgin, i

Canada: Oakville Ont
England: Swindon. Wilts
Belgium: Nivelles
Australia: Sydney




Teradyne's L100 Automatic Circuit
Board Test System speaks for itself.

If you test circuit boards, you get the
message. The L100 doesn’t just tell you a bad
board is bad. It helps you find out why. And in a
fraction of the time you’d usually spend trouble-
shooting. We’d like to send you a brochureful of
reasons why the L100 is the most money-saving
system you can buy.
Write: Teradyne
183 Essex Street
Boston, Mass. 02111
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Everybody wants your
components business.

But were doing

6 things to earniit.

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
2 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

Resistors & Capa

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
4 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.
S 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.

Better new products. Our

CIRCLE NO. 6

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
6 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

E L EC T RO NIECS

cItors

for guys who cant stand failures



NO MATTER WHERE YOU ARE ...

ENTIRE LINE
OF PRECISION POTENTIOMETERS

... 1S STOCKED IN DEPTH

Bourns has 73 distributor locations; more than any other
potentiometer manufacturer. One is near you...no matter
where you are. Each has a complete stock of Bourns Pre-
cision Potentiometers; the industry’s widest selection.
10-turns, 5-turns and 3-turns . . . in 2", 78", 14" and
11%¢” diameters . . . with wirewound and INFINITRON®
Conductive Plastic elements . . . in either bushing or
servo-mount configurations.

For complete details, or to enter your order, contact

your local Bourns distributor, a Bourns sales office, BOURNS
INC

representative or the factory-direct.

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
BOURNS DISTRIBUTORS —

ALABAMA/Cramer/E. W. ARIZONA/Kierulff Elect. CALIFORNIA/Westates Elect. Corp. ® Hamilton Electro Sales e Liberty Electronics ® Elmar
Elec. Inc. e Hamilton/Avnet e Electronic Supply Corp. ® Western Radio COLORADO/Hamilton/Avnet e Kierulff CONNECTICUT/Conn. Electro
Sales e Cramer Elect. Inc. FLORIDA/Cramer/E. W. ® Hamilton/Avnet ® Hammond Elect. Inc. GEORGIA/Jackson Elect. Co. ILLINOIS/Allied Elect.
Corp. ® Newark Elect. Corp. ¢ Hamilton/Avnet INDIANA/Ft. Wayne Elect. Supply Inc. ® Graham Elect. Supply Inc. KANSAS/Hall-Mark Elect. Inc.
LOUISIANA/Southern Radio Supply Inc. MARYLAND/Cramer/E. W. e Pioneer/Washington Elect. Inc. MASSACHUSETTS/Electrical Supply Corp.
e Cramer Elect. Inc. MICHIGAN/Harvey-Michigan MINNESOTA/Lew Bonn Co. ® Hamilton/Avnet MISSISSIPPI/EIllington Electronic Supply, Inc.
MISSOURI/Hamilton/Avnet e Hall-Mark Electronics Corp. NEW JERSEY/General Radio Supply Co. ® Hamilton/Avnet e Eastern Radio Corp. NEW
MEXICO/Electronic Parts Co. NEW YORK/Standard Electronics Inc. ® Cramer/Binghamton e Cramer/Esco e Cramer/Eastern ® Hamilton/Avnet
e Federal Elect. Inc. ® Schweber Electronics e Harvey Radio Co. NORTH CAROLINA/Cramer/E. W. OHIO/Hughes-Peters, Inc. ® Pioneer OKLA-
HOMA/Hall-Mark Elect. PENNSYLVANIA/Pyttronics ® Powell Elect. ® Cameradio Co. RHODE ISLAND/Wm. Dandreta Co. TEXAS/Hall-Mark Elect.
Co. e Hamilton/Avnet e Harrison Equip’t Co. UTAH/Cramer WASHINGTON/Liberty Elect. WISCONSIN/Taylor Electric Co. CANADA/Varatronics
e Cesco Elect. ® Zentronics Ltd.
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Editorial

Do you read your company’s ads?

Did you ever look at an advertisement and not have the foggiest idea as
to what is being advertised? Chances are you have. And chances are
equally good that you didn’t spend much time trying to find out. You
just moved on to the next page of whatever it was you were reading.

Sometimes, unfortunately, we don’t have this freedom of action. As,
for example, when the editors of EDN prepare the product index that
appears in each issue. Part of this preparation involves looking at each
ad and classifying it according to product category.

You would think that this should be an easy task, and in most cases it
is. A glance at or brief scanning of the ad clearly shows the products or
services being offered. In some instances, though, and these are not in-
frequent, all you know after scanning the ad is that something “‘super-
fast’” or "‘extremely-versatile’’ or ““low-in-price’’ is being featured. The
item itself is buried deep within the copy. It's almost as if the manufac-
turer were either ashamed of the product, or considered it so good that
he didn’t want just anyone to know about it.

In some cases, and this may be hard to believe unless you are an ex-
tremely avid ad reader, even after a complete reading you can’t be 100
percent sure of what the item is.

You're probably wondering why we even bring up this subject. If a
manufacturer wants to use impenetrable ads, it's his prerogative.
Readers will bypass the ads and not buy the company’s products. But
since no one has a true monopoly these days, similar products are avail-
able from others to supply everyone’s needs.

What if, though, such ads are used by your company. They affect you
in a very direct way. You helped design those products, and if they
don’t sell, it will have a bearing on your livelihood. So if you don’t do it
already, start reading your own company’s ads. They’re aimed at engi-
neers, just like you, so read them in the same way you read everyone
elses. But if you find them foggy, or confusing or incomplete, don’t just
move on to the next page. Tell someone in your marketing department.
You may be considered a crank. But on the other hand, you may have a
very positive effect on your company’s sales.

il G

Editor

9
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Get our problem-solving packagé: good products, prices,
availability and design assistance—all from one source.

Digital-to-Analog Converters
Model 845: Complete 8-bit binary

DAC. 4 preset output ranges. Slew rate:

0.2V/ usec min. Settling time: 5.0 usec/
volt + 1 usec. Price (1-9) $39.75.

Model 846: Complete 8-bit binary
DAC. 4 preset output ranges. Slew rate:

4V/ usec min. Settling time: 0.25 usec/
volt + 2 usec. Price (1-9) $49.75.

Model 848: Complete 11-bit binary

DAC. Guaranteed monotonicity and
accuracy levels. 4 preset output
ratings. Slew rate: 4.0V/ usec min.
Settling time: 0.25 usec/

r Networks
Standard R
Model No. | “R” Values | Compensation Best Standard Accuracy Pricing 1-9
811 (Binary)| 5K, 10K, 20K] 5Q Bits 1-4 | +£122 ppm —55°C to +125°C | 811-B12 $40.00
812 (Binary)| 50K, 100K 5000 All Bits [ £122 ppm —55°C to +125°C | 812-B12  40.00
. 3 +30 ppm @ +25°C and 0
814 (Binary)| 10K 50 Bits 1-5 +61 ppm —20°C to +85°C 814-D14 90.00
815 (Binary)| 10K None +1952 ppm —55°C to +125°C| 815 6.95
862 (BCD) | 50K, 100K 500% All Bits | £300 ppm —55°C to +125°C | 862-B 45.00
Miniature Power Amplifiers
Output
=+ Supply Max. Minimum
Model Range Range Load Resistance Price (1-9)
821 10 — 20V +16V 100Q $30.00
822 10 — 20V +16V 500 35.00
823 10 — 30V +26V S0 %, max.) 8.95
Ecc - En max. — 1
824 18 — 30V +27V 140Q 40.00
866 10 — 20V +16V 500 40.00

Call your local Helipot Sales Representative today.
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volt + 2.0 usec. Hermeti-
cally sealed Kovar case. MIL-
STD-883. Price (1-9) $95-$155
depending on accuracy code.
Model 849: 13-bit resolution
binary DAC. Four quadrant
operation (AC reference).
Accepts serial data input. MOS
compatible (high threshold).
Low power dissipation.
Price (1-9) $155-$185 depend-
ing on accuracy code.

Model 841 Ladder Switch
Features: 0 to 2 mV switch
offset. 5 (+3) ohms ““on” resist-

ance. 200 ns rise and fall time.
0 to 5 mA load range. Rorr and
Voreser independent of refer-
ence voltage used. Model 841-1
Price (1-9) $100.

Beckman®

INSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Blvd, Fullerton, Calif. 92634



Fluke problem solvers

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

nnnnn

)

othor features and m 0se ¢
respective instrument. The Model 8200A is
a high-speed 001% 4% digit voltmeter

Now you can put true rms to wo,r'k*' in your"F L T
just $595, and for only $750 in the 8400A. T , , filter, mu 1000 volt guarding
lowest prices offered for true rms in 4%2 and 5¥2 digit DVMs. woptions are available. Base price is $995 .

But price is only part of our story. Even at an unexcelled low  Fluke’s Model 8400A is the ultimate bench and syste
price, we offer performance the others don’t even begln to  DVM. It features an accuracy of 0.002%, 1 microvolt re
match. ; ; tion, resistance measurements down | o C
For instance, we measure low I,evel‘s that competitive units f:;gespo;?%% fa:::“ %u:c\w/ tf'mgsiggle!‘tgr 1%%%530?;2““,% 20%
can't touch. Why? Because we use an exclusive converter overrange. The switched filter provides better than 65 dB
technique which doesn’t have square law response limita- noise rejection for DC, AC, resistance and ratio.

‘tions of thermal rms converters.

' lo rttinnt
This same technique allows us to measure waveforms that 25:&3 é”;;:?‘{;f;fﬁﬁ,‘,’.&?ﬁfﬂ s;gcps e %
quasi-rms or distortion insensitive converters can't handle. :
And, we can do it up to five times faster than thermal ;For full details, call your nearby Fluke sales engmaer Dr
converters. Mid-band accuracy (50 Hz to 10 kHz) is 0.1%.  contact us directly.

Fluke, Box 7428, Seattle, Washington 98133. Phone: (206) 11. TWX: 910-449-2850/ In
Europe, address Fluke Nederland (N.V.), P.O. Boxm Tilbt nd. Phone: (04250) 70130.
Telex: 884-52337/In the U.K., address Fluke lntamg’tﬁlw corp Garnett Close, Watford,

WD2, 4TT. ths: ‘Waﬁord 33066. Telex: 934583.




Sprague’s monolithic op amps have gone over the wall!

You probably have been buying them for years without knowing it—
under some other manufacturer’s part number. They've built a lot of great
reputations.

Sprague has done it by combining the most advanced techniques of
processing and control. The result is guaranteed performance over a
broadened commercial temperature range of —55 C to +100 C. Military
versions operate to +125 C.

The same technology that made these series makes other second-
source and proprietary designs as well.

Ask how you can share in Sprague’s big breakout! Just send us
your requirements!

Semiconductor Division, Sprague Electric Co., 115 Northeast Cutoff,
Worcester, Mass. 01606. Tel. 617-853-5000.

Sprague Max. | Max. | Max. .
Series ULS Input | Input | Input | Min. g:'e?”
Require Offset Bias Offset Gain Replaces:
Internally External Voltage | Current | Current | (dB) Hals
Compensated | ¢ oengation | (mv) | (1) | (n8) (Vis)
IMPROVED PIN-FOR-PIN REPLACEMENTS
gt 2139 3 500 60 94 15 MC-1539
2151 e 2 50 5 94 b WA741; SS-741
2157* e 2 50 5 94 6 WATAT; S8-747
21567 - 4 15 2 100 | 15 MC-1556
— 2158 2 50 5 | sa| 8 uA748; SS-748 L

UNIQUE SPRAGUE DESIENS

Similar to 7
2171 2172 2 15 7 94 1 MC-1556, SN-52771/SN-52770
Similar to

2173 2174 2 3 1.5 100 29 SG-118/LM-108, SG-108
Similar to THE MARK OF RELIABILITY
2175 2176 2 3 15 100 1 MC-1556, SN-52771/SN-52770
Similar to
2177 2178* 2 6 3| 100 | 25| SG-118A/LM-108A, SG-108A Analog Products for Signal Processing
*Dual t—25t0 +100C
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More TI integra
used in today’s




TI announces

a new standard line
of high-speed, low-power ECL:

2ns at 25mW SN10000.

To its capabilities as the major
supplier of custom ECL circuits,
TI has added a broad new stan-
dard family. Series SN10000.
Now, in weighing the long-
range pros and cons of designing
with emitter-coupled logic, you
can add the assurance of TI’s
technological development and
volume-production capability.

TI can deliver now —
including MSI

All SN10000 devices listed below
are immediately available in eval-
uation quantities through autho-
rized TI distributors or direct

100-PIECE
DESCRIPTION PRICE
SN10101 Quad 2-Input OR/NOR Gate
(One input common) 1.65

SN10102 Quad 2-Input Gate (3 NOR, 1 OR/NOR) 1.65
SN10103 Quad 2-Input Gate (3 OR, 1 OR/NOR)  1.65
SN10105 Triple OR/NOR Gate (2, 3, 2 inputs) 1.65

SN10106 Triple NOR Gate (4, 3, 3 inputs) 1.65
SN10107 Triple 2-Input Exclusive OR/NOR Gate 2.10
SN10109 Dual OR/NOR Gate (4, 5 inputs) 1.65
SN10115 Quad Line-Receiver 1.65
SN10116 Triple Line-Receiver

(Complementary outputs) 1.65
SN10117 Dual 2-Wide 2-3 Input

OR-AND/NOR-OR Gate 2.10
SN10118 Dual 2-Wide 3-Input OR-AND Gate 2.10
SN10119 4-Wide 4-3-3-3 Input OR-AND Gate 2.10
SN10130 Dual D-Type Latch 4.45
SN10131 Dual D-Type Master Slave Flip-Flop 5.65
SN10179 Carry Look-Ahead 6.80
SN10181 4-Bit Arithmetic Logic Unit/

Function Generator 20.00

Fast, cool and stable

The new Series SN10000 has a speed/power product
of 50 pJ (2 ns at 25 mW per gate). You can take full
advantage of the 2-ns speed without cooling prob-
lems. What’s more, SN10000 offers an improved inter-

SN10181 ALU . . . 75 equivalent gates.

from factory inventories. All are in ceramic dual-in-
line packages — including the 24-pin ALU circuit —
and are pin-for-pin equivalents to the MECL 10,000
series over the 0° to 75°C temperature range. Produc-
tion quantities can be delivered 6 to 10 weeks after
receipt of order.

nal reference generator which
relaxes power supply tolerances
and power distribution require-
ments — thereby reducing overall
system costs.

Economical system design

In addition to power supply sav-
ings, you can achieve many other
important design economies with
Series SN10000.

Special PC boards are not re-
quired. Switching rise and fall
times are slow enough so that
conventional, two-sided boards can
be used.

Savings in gate and package
count are significant because the open emitter out-
puts and high impedance inputs permit wire-ORing
of several gating levels. Data “bussing” and two-way
data transfer are also possible with the open emitter
outputs, which further make possible great flexibility
in terminating schemes and logic interconnects.

Still more reductions in system gate and package
count are possible because complementary outputs
are readily available from ECL gates.

And now, with the availability of ECL/MSI, you
can add the benefits of increased complexity — reduced
package count, fewer interconnections, and smaller PC
boards. All of which means lower component and sys-
tem costs per gate.

Much more to come — soon

These devices are only the beginning of a large and
complete logic family . . . including memory functions
as well as MSI and SSI logic circuits.

Planned, among others, are a quad 2-input AND
gate, ECL/TTL level translators, a 12-bit parity
checker/generator, an 8-line multiplexer, a quad latch,
and a 64x1 RAM.

Full specifications available
now on all functions

For complete data sheets on TI's Series
SN10000, circle 241 on the Reader Service
Card. Or write Texas Instruments Incorpo- H
rated, P. O. Box 5012, M.S. 308, Dallas,

Texas 75222.

TEXAS INSTRUMENTS

INCORPORATED 84035



DESIGN NEWS

Ribbon cable breakthrough:
crosstalk reduced to under 4%

Flat flexible cabling has come to the
fore with the recent invention of a
low-crosstalk cable (see Fig. 1). Joseph
B. Marshall, engineering director for
the Ansley Div. of Thomas & Betts
Company, terms his new multi-con-
ductor black-cover cable ““Black Mag-
ic.”” It offers a five-fold improvement
over conventional flat cable (twisted
pairs) in near-end crosstalk and an
eight-fold improvement in far-end
crosstalk.

Crosstalk is the voltage pulse
caused in a quiet signal line when an
adjacent line (or lines) is activated.
Crosstalk can cause false triggering of
logic circuits either at the cable’s in-
put (near-end crosstalk) or at its output
(far-end crosstalk).

With Schottky clamped TTL and
ECL in wide use in high-speed compu-
ter systems, performance requirements
have become more demanding on the
medium carrying these fast logic sig-
nals—flat flexible or ribbon cabling.
This is especially true with fast-rise-
time pulses where crosstalk interfer-
ence from adjacent signal lines in a
cable increases rapidly.

To eliminate crosstalk, flat coaxial
cables are generally used. These,
however, are more expensive, less
flexible and bulkier than flat ribbon
cables. In addition, coaxial cables
cannot be terminated as easily as can

Fig. 1 —Lowest flat flexible cable in cross-
talk yet. Designated “‘Black Magic,” it of-
fers better than 5% crosstalk (both far-end
and near-end), making it ideal for high-
speed-computer interconnections. Note the
ease of termination into a multi-conductor
PC board with 0.05-in. spacings between
conductors. The connectors shown are
mounted in adapters for test purposes.
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Fig. 2—Comparing crosstalk performances. Photo on left shows oscilloscope crosstalk
pulses on a quiet line of a 10-foot ““Black Magic”’ cable for signal risetimes ranging from
0.18 to 10 nsec. The photo on the right shows comparative crosstalk performance of the
same length of cable using only a polyethylene core (conventional flat cable construction).
Each vertical scale division represents 1% crosstalk. As can be seen, crosstalk is worse at
higher frequencies (faster risetimes) and is —8.6% on the conventional cable vs only +1.1%
for the ““Black Magic’’ cable for 0.18-nsec risetime signals.

ribbon cables.

The new Black Magic cable is said
to offer under 4% crosstalk (see Fig.
2); whereas, most conventional flat
cables offer crosstalk performance
ranging from 10 to 20%.

In addition, there is only a slight
increase in cost over conventional flat
flexible cables. For example, a 41-
conductor (21 grounds) Black Magic
cable (Model PV577-41) costs only
8Y¢ per 1oot in 1000-foot quantities. A
21-conductor cable (Model PV715-
21) costs 68¢ per foot in the same
quantity.

The key to the cable’s design is the
use of two dielectric mediums—an
inner polyethelene cone with a dielec-
tric constant of 2.3 and an outer PVC
jacket with a higher dielectric con-
stant of 3.5.

By replacing the traditional outer
jacket of air found in conventional flat
cables with the PVC jacket, Marshall
was able to confine the field of signal
electro-magnetic propagation to such

a degree that there was a dramatic
improvement in crosstalk.

The attenuation characteristics of
the cable were changed very slightly
since only 2% of the field propagates
within the PVC jacket. At 100 MHz,
attenuation is about 1.5 dB per 10
feet.

The use of a PVC outer layer has an
additional advantage. It makes the
cable flame-retardant, a feature neces-
sary for UL approval, and gives it
greater environmental protection for
maximum wear.

In the area of traditional computer
interconnections, greater uses of this
new cable are anticipated, especially
where large numbers of multi-con-
ductor cables run atop one another,
which can result in severe crosstalk
interference.

Marshall also foresees wide use for
his new cable in such areas as tele-
phone switching circuits and CATV
where coaxial cable has been mostly
used. O
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Elastomer material holds promise of
improving electrical connections

In their search for a low-cost solid-
state circuit breaker, researchers at
Essex International (a Ft. Wayne, Indi-
ana-based company that manufactures
automotive electrical products) have
stumbled across a metallo-organic
compound with unique properties. The
material, which they called Pressex, is
a conductive elastomer that conducts
electrical current only when com-
pressed. Release of pressure causes it
to act as an insulator, even though it is
in contact with a live electrical source.
The material is not a transducer and
is non-linear (see Fig. 1).

Depending on the formulation (it is
available in over 100 to date; see Fig.
2) Pressex is said to have three impor-
tant functional properties: it can act as
a switch, as a connector and as a pos-
sible overload device or resettable cir-
cuit breaker—a property not yet fully
understood.

According to company spokesmen,
who would not divulge the physical
molecular theory of Pressex’s charac-

ee
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Fig. 2— Various forms of Pressex are available. The new metallo-organic conductive elas-
tomer conducts electric currents only when compressed. Conductivity and activation char-
acteristics depend on material formulation, which can be cast, molded or die cut to nearly
any desired shape. It can be made to be spongy, rubber-like, flexible or semi-rigid.

teristics, the material activation dis-
tance is a function of formulation.
Several advantages of this new ma-
terial are claimed over conventional
metal conductors. Because it may be

Fig. 1—Characteristics of Pressex.as a current-carrying conductor are shown hqrg. Note
that the millivolt drop/ampere as a function of force is a square-law function, giving the
new conductor material the advantage of positive turn-on and turn-off characteristics.

produced in several forms, it can be
formulated to meet many specific ap-
plications. And because the new ma-
terial is an elastomer, it provides many
more current-carrying paths than met-
al conductors, thereby lowering the
voltage drop in the conduction path
and increasing conductor reliability.

Essex officials foresee Pressex’s use
largely in automobiles, although by no
means exclusively. Its application as a
switch for lights, gauges, horns, power
windows and seats and doorlocks is
being forecast, and may be seen in
some 1973 automobiles.

When used as a switch, tradeoffs
must be made between required acti-
vation pressure, travel characteristics
(the distance Pressex has to be com-
pressed for activation) and conductivi-
ty. The pressure range available at
present is said to span 1 oz to 100 Ibs
of force. Travel characteristics range
from 0.001 to 0.125 in. As for con-
ductivity, Pressex ranges from mil-
liohms in the compressed (ON) state
to megohms in the free (OFF) state.

There are some limitations, howev-
er. Pressex can switch any load (in-
cluding inductive ones) at voltages
only up to 32V. The load capability
must be reduced for switching above

32V.
Essex International has made stan-

dardized Pressex discs that are avail-
able for test purposes. ™



Acoustic systems allow handwritten
data to be sent on phone lines

Two new techniques for transmitting
and receiving handwritten graphic
and alphanumeric information over
ordinary telephone lines in real time
have emerged recently. Both of these
techniques employ acoustic methods
for data sensing and one (see Fig. 1)
reconstructs and projects the transmit-
ted digital information onto a large
viewing screen, forming a remote
blackboard.

The projection technique is an ex-
perimental one developed at Bell Tel-
ephone Laboratories. It uses a com-
mercially available transmitting pen
that is attached to the writing or draw-
ing implement (can be chalk, pen or
pencil).

The transmitter is a spark-gap gener-
ator that emits a series of 150-kHz
pulses as it is moved over the writing
surface of a tablet, which is bounded
by two microphones. These pinpoint
the location of the writing instrument
by sensing the pulses and feeding
them to a digitizing data set for trans-
mission over telephone lines.

A second data set at the receiving
end translates the incoming signals
back into pulses to drive two rotating
mirrors mounted on a galvanometer.
These receive a laser beam from a
3250A UV laser and deflect the laser’s
beam onto a photosensitive film
which is finally projected on a wall or
large screen.

The projected film is in step with
the handwriting or drawing going on
at the transmitting end. This film can

be projected onto any size surtace (the
projection device is the only limiting
factor) and can also be stored for fu-
ture viewing.

According to Dr. Blake McDowell
of Bell Labs, this system can be com-
bined with the 50A portable confer-
ence telephone recently introduced by
the Bell System to transmit simultane-
ously both audio as well as video in-
formation to classrooms, lecture halls
and conference rooms.

Resolution of the system is said to
be about 10 bits (1024 x 1024 points)
on a 14 X 14 in. writing tablet. Recent
improvements in the transmitting pen
(science Accessories Corp’s Graf Pen)
are making possible 12-bit resolution.

One major problem that had to
be overcome during the designing of
the projection system was the poor
video quality obtained by using con-
ventional capacitor-type microphones
as the pickup heads on the tablet.
These microphones have high signal-
to-noise ratios. The use of electret-
type microphones with superior sig-
nal-to-noise characteristics has solved
this problem.

A different method for digitizing
alphanumerics and drawings has been
devised by Siemens Corp. of Ger-
many. The technique utilizes a well-
known physical effect, namely that
piezioelectric materials emit an elec-
trical signal when pressure is applied.

The writing pad in the Siemens sys-

Fig. 1— Algebraic equation is translated into ultrasonic pulses (left) and sent via telephone
lines over long distances and projected in real time (right). The Bell developed system can
transmit and project alphanumerics and graphics with up to 12-bit resolution.

Fig. 2—This Seimens system uses a piezo-
ceramic sheet and a receiving pen that
capacitively picks off a moving piezo volt-
age caused by ultrasonic waves from gen-
erators located at the tablet's edges. It is
said to offer 0.2-mm resolution and allows
alphanumeric and graphic data transmis-
sion over telephone lines.

tem (see Fig. 2) is a thin piezoceramic
sheet. Unlike the Bell system, the
pressure of the pen on the writing pad
is not, in itself, used for determining
its position. Instead, ultrasonic pulses
with a pulse repetition frequency of
500 Hz are generated alternately at
the two edges of the writing pad.
These acoustic pulses travel across the
writing pad with a constant velocity,
parallel to the edges from which they
are emitted.

They create a voltage front which
travels across the writing pad. This
moving piezo voltage is picked off by
the pens capacitively.

An electronic evaluator, connected
to the piezoceramic sheet and to the
electronic  ball-point forms signals
from the propagation times of the
acoustic pulses as they travel from the
edge of the writing sheet to the pen.
These signals, which represent the in-
stantaneous position coordinates of
the pen, can then be passed on to a
transmission line.

This method is claimed to be simple
and more economical than others,
and produces a high-quality reproduc-
tion. The deviation from the original
coordinate amounts to less than 1%
and a resolution of less than 0.2 mm is
possible.

Since the coordinates are scanned
with a pulse repetition frequency of
500 Hz, rapid pen movements (e.g.
when somebody is signing a document)
can be retransmitted exactly. @
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Take a light emitting diode chip. Mount it facing a light sen-
sitive semiconductor detector. Package these two chipsin a
case with input and output leads. The result is probably the
most versatile solid state device available, literally a sub-
system that:

= Switches on and off with a speed in the low microsecond
range and faster.

= lsolates input and output with 10'! ohms resistance and
a coupling capacitance of approximately one pF.

= Relays information from DC to hundreds of KHz.

= Serves as the drive element to control equipment.

= Operates with an efficiency of up to 50% and more, pro-
ducing a linear output.

= Provides unidirectional operation, with no feedback to
the input.

= Interfaces such circuit devices as transistors and inte-
grated circuits.

= Interfaces memory - CPU - /O Logic.

WHAT IT DOESN'T DO IS ALSO INTERESTING.
For example, it:

= Has no moving parts, no contacts to bounce or arc or
erode.

= |s unaffected by magnetic fields.

= Doesn’t take up much space, being about 1/3" X 1/4"

X 113"
=« Has no known failure modes to make it fail in our life-
time.
= Doesn't require much current for operation, only a few
mA.
= Doesn’t cost much. Economical. In fact, downright
practical.
The World | Curant Transfer | ygiele™ | peseiption
Input to Output
FCD 810 25 750 Lowest cost
Highest
FCD 811 50 2500 Voltage
Plastic DIP
FCD 820 50 1500 A

This device has been called a solid state relay, coupler, iso-
lator and transformer. But think of it simply as the answer
to many problems, whether you are in the electronics, con-
trol or processing industries; whether you are designing
medical instrumentation, processing equipment, transporta-
tion systems, etc.

Of more than 20,000,000
phototransistors pro-
duced by Fairchild MOD,
four million have been used
in optical couplers.

Data sheets describing the characteristics of these remark-
able devices and how they operate are yours for the asking
from your local Fairchild semiconductor sales engineer.
Your stocking Fairchild semiconductor distributor can pro-
vide immediate product delivery.

FAIRCHILD MICROWAVE & OPTOELECTRONICS DIVISION 4001 MIRANDA AVENUE, PALO ALTO, CALIFORNIA 94304
CIRCLE NO. 13
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= The new PsB
- solid state time delay
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Our PT times with accurate solid state circuitry...switches
with rugged relays. It’s the best of both worlds. And it's
available now from authorized P&B distributors.

A pretty face? Yes, indeed. But you
get more, much more in our new PT
Series panel mount time delay. For
example:

e Solid state precision plus hard-
contact electrical isolation.

e 10-ampere switching capacity.

e Eight dial-adjustable timing
ranges...from 0.1 to 300 sec-
onds.

e Choice of three timing modes:
delay on operate, delay on re-
lease, delay on operate with both
timed and instantaneous con-
tacts.

e The accuracy, dependability and
longevity associated only with
solid state circuitry.

Standard models, stocked by lead-

ing electronic parts distributors, are

available for 24 and 120 volts AC or

12, 24, 48, and 110 volts DC opera-

tion. They have a 3-inch diameter

Lexan housing designed to be inter-

changable with most mechanical

timers.

Timing function lights on the face
of the PT are available options. A red
light indicates timing is being per-
formed and a white light shows tim-

MOUNTING DIMENSIONS

5 97 MAX

4125 MAX

PANEL THICKNESS

SUGGESTED PANEL CUTOUT

| 382 MAX |

o )
CLEARANCE WOLES
#ie ( 177/ FOR 8.32

CAPTIVATED SCREWS
INCLUDED WITH TIMER

19/32° MAX

=

o1s
AX

zw

426 MAX 3.187+.062
DIA CUTOUT

casel
OUTLINE| —

T
A 1
=

ing has been completed. These lights
are available on 110 VDC and 120
VAC models.

The dial is calibrated in seconds
and is accurate to within 10% of the
full scale. Repeatability is +1%. Typ-
ical release time is 45 milliseconds.
DC models have polarity protection
and AC models withstand transients
up to 1000 volts.

Modern in appearance and con-
cept, the panel-mount PT adjustable
time delay can add new precision
and reliability to your equipment
economically.

For full information, call your local
P&B representative or write Potter &
Brumfield Division of AMF Incorpo-
rated, Princeton, Indiana 47670.
Telephone 812 385-5251. In Europe,
AMF International Limited, Oxford,
Oxon, England or S.p.A. Milan, ltaly.

AMF

Potter & Brumfield

P&B makes more of more kinds of time delay relays
than anybody in the business.

Anybody.

CIRCLE NO. 14
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These new additions,

Duals
5 &10A PNPs
20A NPNs...

New Dual 10A NPN Power Darlingtons give you twice as much
in a single package. And double the space efficiency. They're
ideal for full wave bridge applications such as stepper motor
drivers and converters and desirable as print hammer, servo,
relay and lamp drivers, and linear amplifiers. They provide
inherently higher reliability through the use of monolithic planar
Darlington chips.

The completely new PNP line beginning with 5A and 10A
devices and the 20A NPN additions provide design advantages
through unsurpassed performance in saturation voltage,
surrent gain, compact packaging and voltage ratings. It adds

. We'll continue to give you more in Darlingtons because our

abilities are still growing. ‘. ‘
ions and prices, call Sa
Unitrode Corporatio




C-LINE POWER DARLINGTONS

?‘u ¥ Noew Ve | A :
L Type | Package \ N \ - Price
A R W\ A
W2T301\ 1033 W0\ 15 125
wtaoll 1066 \ 0 \ @ \ @m \ W |\ 1% ™
L, 0 \wnaos | om 00 \ 25
4 \\mm\ m%\ 9 \ @n\ am \ "°\ 2
W01\ 1033 20 \ 15
g\m\mm\\ m%\ " \ @5;\\ ats \ B

W05\ 103 00 \ 25
\\mms\ m%\ L \ @Sk\ @m\ rm\

VaT50\\ TO-66 2000 \ \.5
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UaT505\ TO-66 \50 \'99° 2.5 500\S.\-\O
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Jarasi\ To-33 1000 \ 2.0 \.50
5\011'\5\ TO-66 0 \@J-A\@a.A\lSO\\.ao
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mpeconomnl:ion
H (OST SAVINGS BY DESIGN WORLDWIDE

Getting fogetherinthe

computer indusiry
costs less than you'd expect.

Something new in connectors gives you something new
in economy for interconnections between peripherals
and to mainframes. It's our new AMPLIMATE* connec-
tor, which uses gold-plated, phosphor bronze, crimp-
type hermaphroditic contacts, with three-point contact to
assure high performance.

You save on material because of the AMPLIMATE con-
nector’'s economical price. You save on labor costs, too.

*Trademark of AMP Incorporated.

Because you can use our high-speed automated termi-
nated machines instead of manual methods. And you
have fewer parts to put together because of our one-
piece connector housing construction. No need for heat-
shrink sleeves; egg-crated cavities in the housing give
you the insulation you need.

And lest we forget, the AMPLIMATE connector not only
mates with itself, but also with a 48-position hermaphro-
ditic connector widely used in the computer industry.

Get the facts on getting together, by writing:
AMP Incorporated,
Industrial Division, Harrisburg, Pa. 17105.

AMP

INCORPORATED

Manufacturing and direct sales facilities worldwide: Barcelona, Brussels, Buenos
Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo,
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin, Vienna.

CIRCLE NO. 16
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COOL IT
WITH

AlSilllag

BERYLLIA

The electrical insulator
that conducts heat

Get rid of fans, blowers, conduits . . . save
space, cost, time . . . improve performance
and reliability with this superior electrical
insulator that conducts heat!

Widely used as substrates and heat sinks.
Can be produced in complex shapes to
close tolerances. Custom metallization.

Thick film precision pattern genera-
tion. Molymanganese plus nickel
base for direct soldering. 100

microinch gold also available.
Stock items or prototypes
permit you to evaluate.

Bulletins 703 and
693 on request.




We deliver.

Our 250-nanosecond core memory leaves semiconductors way behind.

Sure, the semis talk a good game. But they can't
beat our new Store/336 core memory system for
speed, reliability, low cost and capacity altogether in
one compact system.

Access time is 250 nanoseconds. Cycle time is
650 nanoseconds. (If that's not fast enough, we've
got a Store/336A that does it in 600.) You get over
8K words by 18 bits in a 2””7x8” x11” module. Don't
stop there, though. You can build as much memory
as you need by ordering modules stacked in our
compact chassis. For example, you can have a

RN B

65K-x-18 system in a chassis only 8%” high. That's
a lot of memory in a little space.

We deliver core quality, too. Our own roll-cut
process produces more uniform cores at a lower
cost. We make them all sizes. You can buy the cores,
or you can buy our stacks and systems full of them.
Cores and memories are our business.We want yours.

So we'll meet any memory competitor head-on for
price, performance and quality. And we'll just let
the semiconductor people keep on talking while we

deliver. Call today.

PRODUCTS

OEM National Marketing: Boston (617) 237-1950; Bethesda, Md. (301) 652-8120; Cherry Hill, N. J. (609) 667-7555; Dallas (214) 231-2240; Detroit (313) 354-5858; Los Altos, Ca

(415) 941-5485; Los Angeles (213) 474-1596; Minneapolis (612) 927-8747. U.S. Representatives: Burlingame, Ca.,
286-1500; Orlando, Gentry Assoc., Inc. (305) 894-4401.05" International Marketing: Amsterdam 020-452-457

Vienna 34 53 61, 34 44 16. Inter

Repr

W. J. Purdy Co. (415) 347-7701; Chicago, L-TEC, Inc. (312)

Tokyo 493-6451; London 01-579-2917; Munich 08-106-5766;

: Tokyo, Marubeni 501-7421 Home Office: 6219 De Soto Avenue, Woodland Hills, Calif. 91364 (213) 887-8000
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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 COMPANY
CIRCLE NO. 18
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CMOS

finally gets it all together

Now designers can begin to trust CMOS. It has the second sources
of supply, the steadily-expanding MSI, and a solid promise of lower cost.

Robert H. Cushman, New York Editor

Digital logic families have become the backbone of our
technology. Their selection is the number one concern for
many designers. The right selection of a family will put the
designer years ahead of competition; the wrong selection
will haunt the designer for years.

CMOS —in the form of the CD4000A family originated
by RCA —has finally evolved into a full-fledged, trustwor-
thy logic family. It has enough second sources, —especial-
ly since big Motorola has jumped aboard—to get past the
cynics in the purchasing department. It has enough gate
and MSI functions available off-the-shelf to encourage the
designer to give up TTL.

True, present CMOS does not have the speed of TTL,
but many of the new application areas don’t need speed.
For these new markets, like automotive and medical and
special-purpose industrial control, CMOS offers designers
something far more important than speed: a straightfor-
ward, very easy to apply, building-block quality. CMOS is
said to be the best logic for product breadboarding and
prototyping now available. EDN has heard this from users
over and over again. “We like it.” “It's the only logic
we've tried that works the first time.”’

This report will introduce some of the CMOS circuits at
gate, and hybrid and MSI levels that may make CMOS the
“top family”” of the 1970’s.

An honest gate-level MOS

Unlike most single-channel MOS, that is only really
available as discrete devices or full-fledged LSI, CMOS is
available in a full-spectrum array of basic gates, flip flops
and MSI just like bipolar logic families. Fortunately, be-
cause of RCA’s eight-year head start in CMOS, RCA’s
CD4000A family is the dominant de facto standard in
CMOS today. Thus, designers are spared the frustrating
agonies of choosing between several seemingly equal fam-
ilies, as in the case of DTL and TTL.

Other CMOS families may emerge, such as National’s
proposed pin-for-pin CMOS replacement for low-powered
TTL or a very low-voltage family that might develop from
the CMOS circuits used by the watch industry to operate
off single 1-1/2V cells. But it will be several years before
any new family begins to approach the maturity of the
CD4000A family. Besides, for the time being it looks like
the 3-15V CD4000A family is suited to the majority of
applications. These will be systems that are mostly all-
CMOS and not mixtures of TTL and CMOS, many observ-
ers feel. Compatibility with TTL will only be an interim
requirement, they say, for CMOS will eventually “wipe
out” low power TTL, and become the predominant family
for gate and MSI-level systems that run under 10 MHz.

28

The CMOS CD4000A family only needs volume sales to
come down to TTL level pricing, these observers feel.
Right now gate-level CMOS is 2-3 times the cost of TTL.

First basic element is inverter pair

As is well known, the basic building element for CMOS
IC’s is a pair of P and N enhancement-mode MOS transis-
tors. This pair is operated push-pull across the supply volt-
age, using a common gate connection. The very low pow-
er comes from the fact that only one of the transistors is on
at a time, except when switching. Even when switching,
the majority of the dissipation does not come from the re-
sistive flow through the partially ON transistors but from
charging and discharging circuit capacitances.

Fig. 1 shows the familiar basic CMOS inverter (a) and its
voltage-transfer and load-line characteristics, (b) and (c).
There has never been any argument among circuit analysts
that the complementary pair is theoretically the best gate
for moderate-speed switching. Its “snappy’’ input-output
voltage transfer (curve 2 in Fig. 1b) comes closest to the
ideal (curve 1). The reason for this switching superiority is
easy to understand if you look at the load lines of Fig. 1c.
Assuming a comparable ““downstairs” transistor in each
case, one can see that a resistive load upstairs provides a
neutral load line (curve 4), making the transistor down-
stairs do all the work. An enhancement transistor upstairs
of the same channel type, as in PMOS, is actually worse
than a resistor load, because its sagging characteristic pro-
duces a very half-hearted transfer function (curve 6). The
depletion transistor upstairs, even though it is of the same
channel type, as in DMOS, (curve 3), comes much closer
to the ideal characteristics of CMOS. DMOS will be
CMOS’s closest competitor, for as ex-CMOS enthusiast,
Bob Lesniewski, now with MOSTEK, a leader in DMOS
says, ‘it's the poor man’s complementary.”’

CMOS (curve 2) is superior to all these others in per-
formance because the upstairs does not just sit there pas-
sively but joins in the switching act. In terms of Fig. 1b,
the CMOS load line is something like that of the DMOS
except that it moves during switching from curve 2a to
curve 2b. The push-pull action of the CMOS inverter
shows up on Fig. 1c like two fencers crossing swords.
When the downstairs transistor swings down in going ON,
the upstairs transistor swings up in going OFF, and vice-
versa. It is hard to beat that switching action.

The TTL transfer curve (no. 5) is included to show how
many concessions had to be made in this popular form of
bipolar logic to attain high speed. DTL was really superior
to TTL in this static respect.

The CMOS characteristics in Fig. 1 point up some of the
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Fig. 1—CMOS is built with pairs of P and N MOS transistors.
Most of the time the pairs are driven with a common gate as
shown in (a). This pair’s switching action comes closest to the

basic guidelines for using CMOS properly. If one wants to
maintain the micropower capability of CMOS, one should
keep the basic pairs at the full ONE-ZERO extremes of the
curves as much as possible. As shown in Fig. 1¢, practical-
ly no current is flowing at these extreme states. If the
CMOS passes through the mid-region too often, as will
happen with continuous speeds over 1 MHz, then CMOS
will not prove any lower in power than other logic (and
some of the MSI device package dissipations may be ex-
ceeded). Even at lower clock speeds, slow rise and fall
waveforms can cause the CMOS to take too long in pass-
ing through the mid region, and unnecessarily dissipate

Fig. 2— The pairs of CMOS devices are arranged in series-parallel
configurations to produce logic functions. These arrangements
can be orderly as the NORs and NANDs of (a) and (b) or mixed as
the functional logic of (c). But for every P upstairs there must be
an N downstairs sharing the same gate.

ideal action of any known logic (b), because the active “/load”
provided by the ““upstairs” P device generates a moving load line
during switching (c).

extra power.

Ordinarily, the CMOS itself takes care of these prob-
lems, for the regenerative push-pull action of the inverter
pairs will cause all the CMOS gates throughout a system to
swing briskly hard all the way (within millivolts) of the
positive supply or hard all the way towards the negative
supply. The exceptional isolation of the inverter pairs—
high 10'* ohms input impedance and relatively low 1k
ohms output impedance —aids this action. There is also a
built-in safety margin afforded by the approximately
matched 1.7V turn-on thresholds of the P and N devices
(in the CD4000A family).

But one can run into trouble when the CMOS is being
driven by the many other forms of logic like TTL or PMOS
that have sloppy logic swings. As can be seen on Fig. 1b,
these logics don’t swing all the way to the supplies, and
their outputs can put a following CMOS gate into its dissi-
pative region. This might not be obvious because the
CMOS with its high noise immunity will continue to func-
tion.

A practical problem that bothers engineers when they
first use CMOS are gates that have accidentally been left
floating. Floating gates can not only waste power but pro-
vide headaches for trouble shooters. Designers at one early
CMOS user, Monarch Marking Systems, Dayton, Ohio,
told us that when they first started working with CMOS
they’d occasionally find breadboards acting in a myste-
rious manner. It invariably turned out to be some input that
had been left unconnected and would pick up varying
amounts of static charge, causing the gate to erratically
shift from one state to the other. It had not been necessary
to religiously tie all the gates down when they bread-
boarded with TTL but they quickly found out that one
should make sure that all inputs, even those of unused
gates, are tied down to either the positive or negative sup-
ply when working with CMOS.

The gate outputs are almost foolproof. The current-lim-
iting characteristics of the P and N devices prevent damag-
ing currents from flowing when the outputs are accidental-
ly shorted to either polarity supply, at least at voltages
under 10V. At 5V, all the outputs of most of the gate-level
packages can be simultaneously shorted without exceed-
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Fig. 3—Second source suppliers to RCA’s dominant 4000A CMOS
family are adding their own embellishments. Here is a dual four-
input NOR from Solid State Scientific that can be wired into a sin-
gle 8-input NOR.

ing the allowed 200 mW dissipation per package. CMOS
suppliers do not recommend it, but EDN noted that many
users routinely short the outputs when trouble-shooting.

Five years ago, all MOS systems had bad names be-
cause static charges would accumulate on their inputs,
create high voltages, and blow the gate oxides. By now,
most MOS makers have learned to protect their inputs.
RCA has by trial and error made its CMOS family inputs
quite rugged. EDN has been using some of the older RCA
6-15V CD4000 series units for over four years now and
has not found them especially susceptable to damage from
static charge—even when we’ve occasionally bypassed
such advised handling precautions as grounding soldering
irons. The inputs of the new 3-15V CD4000A units are
said to be even more thoroughly protected by diode-resis-
tor-capacitor networks. About the only precaution needed
is not to allow a low-impedance signal whose positive
excursion exceeds the CMOS’s positive supply to put
more than 10 mA into CMOS inputs.

To create logic gates, the CMOS P and N pairs are com-
bined in series-parallel arrangements as shown in Fig. 2. If
the P’s “upstairs”’ are put in series while the N’s ““down-
stairs’” are put in parallel, NOR’s are created (a). If on the
other hand the P’s ““upstairs’’ are put in parallel and the
N’s ““downstairs”” are put in series, NANDs are formed (b).
Competing single-channel MOS makers say that this need
to always operate the CMOS inputs in pairs is a limitation
for CMOS at the LSI level, for it means that CMOS can’t
help but have more metallization runs and oxide window
openings than single-channel MOS.

The P’s and N’s don’t have to be in orderly all-series
and all-parallel groupings as shown for the NOR and
NAND but can be mixtures of series and parallel both
“upstairs” and ““downstairs”’ (c). This freedom can be used
to efficiently implement boolean equations using the
“tree” or functional logic popular with relays, as shown
in (c).

CMOS gates are logically just the opposite of DTL and
TTL in one important respect. While DTL has large, ex-
pandable fan-in and limited fan-out, CMOS has limited
fan-in and almost unlimited fan-out. The fan-in to a CMOS
gate is limited because a complete PN pair must be added
for each input. This is why most of the CS4000A gates
have no more than four inputs and these can’t be expand-
ed (by diodes, as in DTL). The fan-out on the other hand is
limited only by the effect of added wiring capacitance on
operating speed. From the dc standpoint, fan-outs much
larger than any designer is ever likely to want—in the
hundreds — are possible.
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One answer to the fan-in limitation of CMOS is offered
by SSS (Solid State Scientific) in its 4402 and 4412 gates,
Fig. 3. The dual four-input NORs and NANDs in these
packages can be paralled for a fan-in of eight by external
wiring on the output buffers. SSS can offer this variation of
the standard RCA 4002 and 4012 packages because SSS
uses a different internal construction. SSS uses very small
geometries on the P and N devices in the actual NOR and
NAND gates at the front of these packages and follows
these with two progressively larger-geometry inverters to
build up to the final output drive capability. (The drive
capability is inversely proportional to the device ON re-
sistance and this is directly proportional to the device
area.) SSS then leaves some of the terminals on the final
inverter pair uncommitted and brings them out to package
pins so the user can effect various combinations. SSS says
this concept can be expanded to provide fan-ins as high
as 16.

Second basic element is transmission pair

The P and N pairs can also be arranged parallel to the
power supply, as shown in Fig. 4. This forms the second of
the two basic CMOS elements, the transmission switch. It
is a rather remarkable element for it can handle analog as
well as digital signals and pass these signals in either

PACKAGE

FUNCTIONAL TRANSMISSION SwWi

S : g
+,T0V o

SIGNAL GROUND §
= FOR$SIGNALS

SIGNAL
N Ry
210k

Fig. 4—A second way of pairing the P and N devices produces
the versatile transmission switch. It's CMOS'’s ace up the sleeve
because it allows CMOS to do things no other logic family can
do. Its a high-grade bi-directional analog switch as well. The in-
verter (left) needed to turn the switch devices ON and OFF to-
gether is typically incorporated inside the 1C’s that have these
switches.

direction. Only CMOS technology can so aptly provide
this SPST relay function, though it also can be implement-
ed with complementary pairs of bipolar transistors.

As shown in Fig. 4, the sources and drains of the P and
N devices are connected together and ““powered”’ by the
signal. The control signals to the gates of this pair are
made opposite to each other, rather than of the same po-
larity as in the case of the basic inverter pair. A built-in
inverter pair element is usually used along with the trans-
mission pairs to provide the control signal complementa-
tion. Therefore, the pair is either turned ON or OFF to-
gether to act like a SPST switch in the signal path.

The advantage of having the opposite-polarity devices
in parallel is that neither signal swing will be limited by
the gate thresholds and the signal can swing across the
whole CMOS supply range. As the sources and drains of
these MOS devices are interchangeable, it docsn’t matter
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Fig. 5— Transmission switches control the behavior of CMOS flip
flops in a most literal manner. The clock works the two transmis-
sion switches in opposition. When the clock goes up, TS1 is
closed to let data flow into the FF NORs, which is possible be-
cause TS2 is open and the NORs are unlatched. Then, when the
clock goes back down, TS1 opens, cutting off the data input path,
and TS2 closes to hold the data latched in the NORs.

which way the signal flows.

When used to pass or impede digital signals in CMOS
logic systems, two or more of these switches are often
used to select which of several signals is to be fed to a
gate. Only one transmission switch is turned on at a time,
and its low impedance—several hundred ohms—will
connect one of the signals. The other OFF gates mean-
while have such high impedances—100MQ —that they
might as well be open circuits.

An example of how this is used inside the CD4000A
family flip flops is shown in Fig. 5. The control in this case
comes from the clock and it alternately turns the two
transmission switches ON and OFF in opposition. The first
transmission switch is turned ON to enter data into the FF
and then the second transmission switch is turned ON to
latch the data into the FF. An identical slave FF working
on the opposite phase of the clock will usually follow.

Transmission switches can be used to implement three-
state logic for common bussing, as will be shown later.
There is, however, another way of obtaining the “third,”
or high-impedance, state on an output. This is to drive the
inverter pair in opposition with separate gate inputs so
they are both turned OFF. A logic arrangement for this
purpose suggested by RCA is shown in Fig. 6. When the
control input is LOW, the data will flow through to the
output; but when the control input is HIGH, both output
devices will be OFF and the output will be disabled.
However, this approach does not have either the bidirec-
tionality of the transiission switch.

Fig. 6—A third configuration for CMOS pairs is to be put across
the supply as in the case of the inverter pair, but to have the gates
driven separately. Then they can be either driven together, as in
the inverter, or in opposition to produce a ‘‘both OFF'’ state that
disconnects the output. This can be used to selectively connect
several signal sources to the same party line.

CMOS encourages novel hybrid circuits

Much of the CMOS circuit applications that have been
published so far represent fairly routine conversions of
popular TTL logic to CMOS. This is as it ought to be for
most applications. But there is an important fringe area
that CMOS is uniquely qualified to penetrate —the area of
hybrid analog-digital functions. CMOS unlike most pre-
vious IC logic families, can be made to perform in linear
as well as in its basic digital mode. Moreover, CMOS can
accomplish nonlinear analog functions such as chopping

While CMOS does not do all of these linear functions as
well as they can be done with bipolar linear circuits, and
in fact in doing them CMOS often loses its micropower
qualities, still it may, at times, be worth having CMOS per-
form these other functions. There are advantages in having
one, unified family make up the whole system. This will
be especially true in the future, when complete products
will be constructed on one LSI chip.

Fig. 7—CMOS inverter pair serves as a linear amplifier. A high-
value feedback resistor (a) will cause the inverter pair to self-bias
itself in the middle of its linear region, where respectable ac signal
amplification for small input voltages will be obtained (b). Odd
numbers of pairs can be so self-biased for higher gains (c).
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Both the basic pair, elements that make up CMOS have
linear abilities. It is a bit surprising to find out that the
basic inverter pair that is such a perfect logic gate amplifi-
er can also perform credibly as a linear amplifier. Yet, if
the inverter pair is self-biased by a feedback resistor from
output to input, as in Fig. 7a, it will sit at the middle of its
transfer curve where there is a good linear region. The
transfer curve is quite steep here (look back to Fig. 1b) so
gains of 10-30 are possible for signal swings of a volt or
so, with bandwidths up to a MHz, as shown in Fig. 7b.
Quite high gains—from 1000 to 10,000 — can be obtained
by putting three inverter pairs in series with the biasing
feedback resistor around all three, as shown in Fig. 7c.
Usually the input is ac coupled via a small coupling ca-
pacitor, but some experienced CMOS makers say they can
now provide enough device stability for straight dc opera-
tion.

We suspect that it has been the rapid strides in CMOS
processing capabilities at old-timer companies like RCA,
SSS and Ragen that has caused them to become more af-
firmative about these linear applications of CMOS. Four
years ago, having learned of the three-amplifier configura-
tion from Joe Tomei of SSS, we made a guitar pre-amplifier
for a teenager from RCA 4007 devices just to evaluate this
linear mode (Fig. 7¢). Its performance was entirely satisfac-
tory and the sharp non-linearity at the top and bottom of

the transfer curve was even useful in optionally producing
the ““fuzz” type distortion (by not attenuating the input
signal) that Rock and Roll musicians like.

The second basic CMOS element, the transmission
switch pair, performs equally well in the linear mode. A
bipolar version might be faster but that is all. In fact, the
CMOS transmission switch is such a superior form of ana-
log-digital switch that it is already finding wide uses out-
side the CMOS logic family. Some suppliers, such as Har-
ris Semiconductor, Ragen and Siliconix, market these
switches as separate analog components.

A practical little circuit we developed using the RCA
CD4016A quad transmission switch is shown in Fig. 8.
The objective was to multiplex four different signal traces
onto a single-channel oscilloscope. The power supply for
the CMOS was the same +6V and —6V that we had to
have for the 741 op amp summer that combined these cir-
cuits into the scope’s one channel anyhow. There was no
discernable change in the power-supply drain when the
CMOS was added, a nice bonus when you add CMOS to
existing designs.

The lower 4016 multiplexed four signals on to the scope
via the 100 k2 summing inputs to the 741 op amp. The
upper 4016 was for synchronously adding dc bias levels to
the op amp summing network so that each of the four sig-
nals could be adjusted vertically apart from one another
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Fig. 8-CMOS transmission switches make excellent analog
gates. Here two 4016 quad switches are being used to multiplex
four analog signals onto a single-channel oscilloscope. The lower
quads open and close the signal paths. The upper quads open and
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close dc bias levels. Both quads are driven by the same repeating
1, 2, 3, 4 count from the oscillator-counter-decoder combination
above. The 741 op amp adds the signals and biases and presents
their sum to the scope.
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Fig. 9—Sophisticated linear subsystem has been integrated on a
CMOS chip by Ragen. A linear-type differential front end has
been added to the three CMOS inverter-pair amplifier stages. The
transmission switches allow this amplifier to alternately act as an

on the scope display.

The transmission switches in the 4016 appeared to have
all the qualities needed for this analog application . They
did not distort the signal when ON and would shut it off
adequately when OFF. The transmission bandwidth was
into the MHz range and the ON-OFF switching speed
more than adequate for the application.

A sophisticated CMOS hybrid
We have touched upon our personal experience with

Fig. 10— CMOS MSI is unbeatable for economically performing
low-frequency counting. Only a handful of packages are usually
needed, and because of the low frequency the power supplies

op amp follower to copy input voltage A on capacitor C, and then
as an open-loop comparator to compare voltage on C against
input voltage B. This device was developed as a custom device for
the military, but is now a commercial item.

CMOS in the hybrid mode to emphasize how easy it is to
implement some widely-needed but not necessarily digital
functions with this flexible, all-purpose ““logic’” family. An
advanced example of this linear aspect of CMOS is shown
in Fig. 9. It is a multi-mode op amp that comes from a cus-
tom circuit developed by Ragen for the military, but now
also being sold separately as Ragen’s 6023 comparator.
The original LSI A/D converter is a good example of a
mostly digital CMOS circuit that incorporates vital linear
functions. These linear functions represented 150 devices

will cost but a fraction of a dollar. This 60-Hz to minutes and tens
of minutes counter could be incorporated as a stand-alone com-
ponent in consumer appliances, for example.
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out of the 600 total devices on the chip. The circuit of Fig.
9, which consists of 25 devices, was repeated three times.

The basic amplifier in Fig. 9 consists of a differential
stage followed by four CMOS inverter stages. The dif-
ferential stage is a CMOS equivalent of the usual bipolar
differential stage. Note that it has an unusual constant-
current source that includes isolated N-channel devices in
their own wells. The four inverter-pair stages operate
completely linearly in the first operating mode, but build
up to full digital output swings in the other.

The amplifier’s two operating modes are controlled by
the three transmission switches, in a way that resembles
their use in the standard CD4000 family flip-flop (Fig. 5).
In the first mode, TS1 and TS3 are closed so that the am-
plifier acts as an op amp voltage follower and stores the A
input voltage on capacitor C. In the second mode, TS1
and TS3 are opened and TS2 is closed. Now the amplifier
acts as an open-loop comparator and measures the B input

voltage against the memory of the A input stored on ca-
pacitor C.

CMOS MSI is snowballing

It is said that where TTL really won out over previous
logic families was at the MSI level. Once TTL families like
TI's 7400 (and before that the SUHL family of the now
defunct Sylvania semiconductor operation) started provid-
ing designers with a wide choice of MSI, designers stan-
dardized on TTL, even if they did not need the speed.
CMOS CD4000A now has a formidable array of MSI
functions and some observers feel it will effectively out-
distance TTL before long. It therefore seems likely that
many designers will start jumping on the CMOS band-
wagon, even if they don’t need CMOS’s low quiescent
power or high noise immunity. And if they do, CMOS
prices will come down further towards the TTL level—
CMOS is about twice the cost of TTL now—and still more
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Fig. 11—-CMOS MSI is offering some truly universal registers.
The 4034 has the built-in control circuitry to do about anything a
designer would ever want to do with a register, and it has “‘three-
state”” data outputs to boot. The combination of low gate power and
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transmission switching allows CMOS to pack more function into
small device packages (the 4034 is contained in just a 24 pin DIP).
Additional diagrams of left side of 4034 schematic (b) and (c) indi-
cate how control commands to 4034 can change the routing of data.

ESDONG JRlNIE 15 1.9 7 2



CRT & KEYBOARD

it P/S Al/o E q—J
] | 1
— 2
] 3 4034 3
=i 4 ALn
] 5 O/ LCH
-] 6
] 7
—~— 8
! R N
CONTROLS & CLOCK
SERIAL fdu e
IN

P
1
2
3
4 Boy A4
5
6
7
8

CASSETTE

DISC

~=-BUS LINES = *

LA /0E
1 1
2 2
3 ? 4034 | 3
4 4 MEMORY
5 Ao Byo 5
6 6
7 7
8 8
% i) )
CONTROLS & CLOCK
1
L__.Ja /o€
1 1
2| 4034 ? 2
3 3
a Ao Bon 4 ARITHMETIC
5 5 UNIT
6 6
7 7 |
8 8

Fig. 12— Common-bus architecture is “child’s play” with the
4034. The user is given all the internal circuitry to accomplish

designers will jump aboard.

Then, if suppliers like Harris Semiconductor and RCA
start seriously bringing out CD4000 with various forms of
dielectric isolation, we will have CMOS fully as fast as TTL
and even more designers will jump on the CMOS band-
wagon.

What are these CMOS MSI functions that users like the
design team at Monarch Marking Systems tell us are so at-
tractive? They are functional groups of the gate-level
CMOS building blocks. They are counters and registers
and arithmetic arrays. What is nice about CMOS LSl is that
it is composed of the same circuits the designer has al-
ready become familiar with at gate level, and so are par-
ticularly easy to understand and apply.

We will describe just a couple of them . . . some Mo-
torola counters and an RCA ““universal” eight-bit register.
Each represents a widely needed system function to de-
signers. The Motorola MSI makes timing logic simpler and
the RCA register renders common-bussing architecture
““child’s play.”

CMOS MSI will dominate timer applications

A routine function in industrial and consumer products
is a timer that can count out intervals like minutes and
tens of minutes. The circuit in Fig. 10, developed by Mo-
torola CMOS application engineer Jim Halligan, performs
this function to the accuracy of the 60-Hz power line,
using only four standard CMOS 4000 family packages.
Only one of these packages is from RCA’s designs. The
other three are Motorola additions to the 4000 family, as
indicated by their 4500 numbering (just like the 4400
numbering in Fig. 3 indicated a SSS addition).

The logic of the Motorola counters permits obtaining the
full count without having to use decode gates. If the input
to these counters is put in on the ““E” (enable) pins instead
of the “C"" (clock) inputs, the counters will respond to the
negative edges of the data rather than the normal positive
edges. The unused E and C pins are tied to the proper pos-
itive or negative supply rails as shown. This arrangement is

party-lining, via a minimum number of simple control lines. Here,
4034’s are being used to route 8-bit ASCII characters.

used on the input to the second divide-by-sixteen counter
and the first divide-by-ten BCD counter. Therefore, these
units ignore the positive-going logic level that occurs
when the divide-by-sixteens feeding them reach their
half-way counts of eight, but do respond to the negative-
going logic levels that occur when they reach their final
return to 0000 or sixteenth count.

Another trick used by Halligan was to arrive at the di-
vide-by-60 count by first having three of the inputs to the
decoding gate, G1, from the first-divide-by-ten sense when
the count of 2 X 16 X 16 X 7 or 3584 is reached, then
have the final enable to this NAND come when the output
from the first divide-by-sixteen counter indicates that
2 x 8, or 16, additional counts have come through. The
3584 plus 16 then equals the desired 3600 counts. Actual-
ly, to avoid a race condition, he has his reset anticipated
when 3599 counts have been reached and resets the
counter on 3600, as shown by the waveform timing. The
second divide-by-ten divides the 60 Hz further into ten
minute intervals.

A universal bus’able register

RCA is justifiably proud of its new CD4034A ‘““univer-
sal”’ register. This MSI product really “puts it all together”’
for it incorporates all the control inputs and data steering
allowing the designer to do just about anything with a reg-
ister. You can begin to appreciate the capability of the
4034 by studying Fig. 11a. The 4034’s 24 pins are decep-
tive, because 16 of them really represent two pins in one.
Transmission switches are used to connect these pins bi-
directionally to the eight flip flops of the 4034. Thus, the
4034 is the equivalent of a 40-pin device in other technol-
ogies, and a good example of how the tricks inherent in
CMOS can keep device packaging costs down, while add-
ing to device capability.

Two of the 12 possible data flow combinations for the
4034 are shown in Fig. 11b and 11c. The control inputs
are shown by vertical arrows at the left, the states of the
transmission switches by shading to indicate closed
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switches, and the data-flow paths by shading along the
circuit lines.

Fig. 11b shows data being accepted serially with the
outputs being available in parallel from the A pins. Just
lowering the AE control will disable all the A lines by
making both their transmission switches open. This AE
control is used when the A pins are connected to a com-
mon system bus as will be shown in Fig. 12.

Fig. 11c shows the data coming into the 4034 in parallel
on the A pins and leaving in parallel on the B pins. This
“lateral”” flow of data across the 4034 can be reversed by
simply lowering the A/B control input.

Fig. 12 shows how these 4034’s can interface computer
subsystems to a common bus. The so-called “‘three-state”’
logic comes naturally to CMOS by virtue of the transmis-
sion switches. When the AE line is down, the A outputs
have the third state,—high impedance. Therefore, any
other 4034 that has AE high and AB low will command
the logic levels on the common bus. Practically unlimited
numbers of 4034’s can “listen in”” on the party line be-
cause of CMOS's high fan out. The control combination
for listening in would be AE high, P/S high, and A/S high
(for asynchronous reception). The caption indicates how a
computer-like system of this architecture could be doing
several tasks at one.

Not a bad sort of capability for a 100 by 115-mil chip
that is projected to cost $6 in quantities! It will be devices
like the 4034 and a coming four-bit parallel arithmetic
processor that will play a significant part in deciding
whether CMOS logic families become as important in the
70’s as TTL became at the end of the 60’s. @

\ CMOS Suppliers

This list is primarily based on semiconductor man-
ufacturers who now offer the CD4000A family. No
attempt has been made to include the many other
suppliers of custom CMOS. Readers interested in ob-
taining quotations on custom CMOS would probably
be well advised to contact all MOS makers.

(408) 732-5000

Harris Semiconductor
Melbourne, Fla. 32901
(305) 727-5400

Circle 276
Hughes
Microelectronic Div.
500 Superior Ave
Newport Beach, Calif.
92663
(714) 548-0671

Circle 277
Inselek
University Park Plaza
743 Alexander Rd.
Princeton, N ] 08540
(609) 452-2222

Circle 278
Motorola Semiconductor
Products Inc.
5005 E. McDowell Rd.
Phoenix, Ariz. 85008
(602) 273-6900

Circle 279
Semiconductor Corp.
2900 Semiconductor Dr.
Santa Clara, Calif. 95051

Circle 280

Ragen Semiconductor Inc.
53 S. Jefferson Rd.
Whippany, N | 07981
(201) 887-4141

Circle 281
RCA Solid State Div.
Somerville, N ) 08876
(201) 722-3200

Circle 282
Siliconix Inc.
2201 Laurelwood Rd.
Santa Clara, Calif. 95054
(408) 246-8000

Circle 283
Solid State Scientific Inc.
Montgommeryville,
Pa. 18936
(215) 855-8400

Circle 284
Solitron Devices, Inc.
8808 Balboa Ave.
San Diego, Calif. 92123
(714) 278-8780

Circle 275
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Switching,
plain and not so plain

The hybrid time delay relay featured below (at d) is a busi-
ness-like combination of modern electronics with a reliable,
inexpensive electromagnetic relay. A single package wraps up
the whole deal. It is for places where you want a switching
delay of from I to 120 sec. repeatably accurate to =3%, fixed
or variable: and prefer not to provide the timing elsewhere.
The idea is neither original nor recent. Sigma does it more
compactly, reliably and cheaper.

10,000 volt switching doesn’t sound like a subject that be-
longs on this page. It wouldn’t under common circumstances,
but item c is an elegant means of grounding the high voltage
in an office copier when somebody has to reload it. Would you
believe it's an internally illuminated photoconductive element
dropping open circuit resistance of 102 ohms to 100k?

Light controlled photoconductor relays in standard pack-
ages were brainchildren of a Sigma division specializing in
solid state photoconductors. Great merit and flexibility re-
sults from use of these Datacels® as we call them; viz. total
isolation of input from output or outputs (1 to 4)—with out-
puts passive and nearly as compatible as resistors. The latest
variety was invented by our lady physicist and is imaginatively
known as a “*Ladybug.”

A Ladybug-relay combination solved a recent delayed
alarm problem for a Sigma customer. By using a Neon light
source for control, the Ladybug imposed no load on the timing
circuit, operated directly from 120 volts with lock-on alarm.
It makes quite a time delay device —up to 60 sec. after opening
a control circuit. Ladybugs and Datacels® have the flexibility
of three alternative internal light sources: Incandescent, Neon
and LED.

Savvy switching is a worthwhile specialty to know about
when you can use it. Sigma has it and has had it since the late
thirties.

If you'll circle No. 21 on the beano card, you'll get a fistful
of poop. If you write on a specific question, we'll answer it
carefully along with the poop: and if you make it a personal
letter to relay marketing chief, Stu Knapp, with your problem
and project laid bare, the action will be sudden and substantial.
Write Sigma Instruments, Inc., 170 Pearl St., Braintree, Mass.
02185. Telephone 617-843-5000.

SIGMA

INSTRUMENTS INC

a. Series 77—DPDT or 3PDT—10,000 @ $1.00 each

b. Miniature Reed Relays

c. Seetext

d

See text



Delco's
TO-66 silicon
transistors for

Now the high-energy capability of Delco’s
silicon power transistors is available in the
TO-66 package.

Like all the Kokomoans’ silicon power
transistors, they’re triple diffused and built to
survive the most rugged applications. Their
high-voltage ratings make it practical to oper-
ate them directly from rectified 117-volt or 220-
volt ac line. This allows lower weight and
smaller circuit size because fewer, less bulky
components are required than with low-voltage
higher current systems. And, their energy capa-
bility is backed by the surest rating in the
business— Pulse Energy Testing.

Use the new DTS-660 series when you
need the high-voltage capability of our DTS-
410, DTS-423 or DTS-425 but, in TO-213MA
(TO-66) size.

They’re in stock at Delco distributors now.
For additional information, prices, and com-
plete data, give yours a call or contact us at
our nearest regional office.
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Type

Ic(Cont)~ ¥
_~Peak) | Vceo

hre@ Ic=1.0A
min./max.

Vceo(sus)
min.

Pp min.
1

Suggested
resale price
-99 quantity

DTS-660

35—
_~"10.0A

200V

80~
~ 90

200v

60W

$5.93ea.

DTS-663

3.5A
~~~ 10.0A

400V

30
90

325V

60W

$9.57 ea.

DTS-665

35A _~
_~~ 10.0A

500V

30~
90

400V

60W

$14.94 ea.

NPN triple-diffused silicon transistors in JEDEC T0-213MA (T0-66) packages.
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Now available from these
distributors in production quantities:

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

ARIZ., PHOENIX e Cramer/Arizona (602)-
263-1112 e Sterling Electronics (602)-258-4531
CAL., LOS ANGELES e Kierulff Electronics,
Inc. (213)-685-5511 e 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

COLO., DENVER e Cramer/Denver (303)-
758-2100 o Denver Walker Electronics (303)-
9 2401

CONN., NORWALK e Harvey/Connecticut
(203)-853-1515

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

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

IND., INDIANAPOLIS e 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

MICH., ROMULUS e Harvey/Michigan (313)-
729-5500

MINN., MINNEAPOLIS e Stark Electronics
Supply Co. (612)-332-1325

E-@E Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA

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

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

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

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

N.M., ALBUQUERQUE e Cramer/New Mexico
505)-265-5767  Sterling Electronics (505)-247-
2486

N.Y., BINGHAMTON .
(607)-748-8211

N.Y., EAST SYRACUSE e Cramer/Eastern
(315)-437-6671

N.Y., ROCHESTER .
(716)-275-0300

N.Y., WOODBURY e Harvey/New York
(516)-921-8700, (212)-582-2590

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

OHIO, CLEVELAND e Pattison Supply (216)-
441-3000

OHIO, DAYTON e Kierulff Electronics (513)-
278-9411

OKLA., TULSA e Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA e Almo Electronics
(215)-676-6000

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

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

Harvey/Federal

Cramer/Rochester

CIRCLE NO. 20

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 Eauipment
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 e C & G Electronics Co.
(206)-272-3181

CANADA, ONT., SCARBOROUGH e Lake
Engineering 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).

MARK OF EXCELLENCE

Ceco—72-DRA-109

39



Yes, you can design Butterworth or
Chebyshev active filters with gain!

Gain is often desirable in active filters. Now you can program gain and
frequency performance without resorting to a separate amplifier stage.

Charles ). Williams, Singer-Kearfott Div.

Design equations for a filter with gain greater than unity
are cumbersome and time-consuming to solve without the
aid of a digital computer. Even when you have access to a
computer, you will find that most computer programs for & — 2)

where ¢y = sR, C, Y

I;m

the design of active filters invariably have the limitation of G
unity gain. This article describes a computer program R
which avoids this unity-gain restriction in the design of B = R (3)
high-pass, low-pass and multiple-pole active RC filters. !
The computer program, written in Tymshare’s Super- = N 2 — (1 = K + «) +
fortran and shown in Fig. 1, may be used to design high- AN ..
pass and low-pass active filters with gain. It allows the 2dVd* — (1 = K+ «)] (4)
user to specify the passband characteristics of the filter .
: 5 ; a ; ’ . d = Damping Factor
either in the form of maximum allowable ripple or damping
factor. The program also provides a summary of the im- 1—-K+x+ap 5)
portant filter parameters for the purpose of documenting . 2V« B
the design. .
K = gain (6)
2-pole low-pass filters and s = Laplace transform operator.
The transfer function for the 2-pole low-pass filter cir-
cuit shown in Fig. 2 may be shown to be: The break frequency (w,) of the filter is:
K
T (s) = e L (1) W, = R C \/ B Rad /Sec. (7)
Y+ 2dy + 1
B ° NEEELeaEE o
> LOAD GRAY 41 F (M £a i) 6O 0
OK. 42 R2—BR1 m-czm
o INTEGER Y. H, D1 b T 0 7
2 DATA Y. H. DI/THY, 1HH, 15 ms‘ e 010
3 DISPLAY * DAMPING FACTOR (B) OR PASSBAND RIPPLE (P)7" 46 DISPLAY * »
4 READ (0, 1) L 47 DISPLAY "CHEBYSHEV LOW-PASS FILTER”
5 2 IF(LEQ D) GOTO 11 48 08
6 DISPLAY “ENTER THE PASSBAND RIPPLE IN DB (0 FOR BUTTERWORTH)" 49 D|SPLAV cw
50 PLAY * *
8 E - SQRTUO™R/10) - 51 7 DISPLAY "BUTTERWORTH LOW-PASS FILTER"
9 D = 05'SQRT(2(1 ~ (€L + E=2)) 52 GO TO 8
10 80 15 15 83 9 R2- SORT@G/ANI2'31415926'FC2)
11 11 DISPLAY "ENTER THE DAMPING FACTOR, D" 53 cl =
12 ACCEPT D 55 &1 - ko
13 I © G .707) GO TO 13 56 IF (R EQ. 0) GO TO 10
14 R = 20°LOG10(1/(2"D*SQRT(1 ~ D**2)) 57 DISPLAY
15 GO 16 19 58 DISPLAY * *
B 13 B o 59 DISPLAY ‘CHEBYSHEV HIGH-PASS FILTER"
17 12 DISPLAY “WHAT IS THE CLOSED LOOP GAIN?" 60 T0 8
18 ACCEPT AK 61 10 DISPLAY
19 DISPLAY “WOULD YOU LIKE A HIGH-PASS (H) OR LOW-PASS (L) FILTER?" 62 DISPLAY * *
20 READ (0, 1)M 63 DISPLAY “BUTTERWORTH HIGH-PASS FILTER”
21 DISPLAY ENTER THE CORNER FREQUENCY (KH2)" 64 B  DISPLAY "DESIGN REQUIREMENTS"
22 ACCEPT F1 65 DISPLAY *
23 F = F1'1E3 66 DISPLAY “BREAK FREQUENCY -, F1, "KHZ"
24 DISPLAY “ENTER C2 (PF)” 67 DISPLAY “CLOSED LOOP GAIN = " AK
25 ACCEPT C2 68 DISPLAY “PASSBAND RIPPLE = . R, DB"
26 €2 = COME ~ 12 69 DISPLAY "DAMPING FACTOR, D =", D
27 6  DISPLAY “ENTER ALPHA” 70 DISPLAY “BETA (B) = ",
28 ACCEPT A 71 DISPLAY "ALPHA (A) = "Sa
29 D2 = D*2 72 DISPLA
30 C=l-Acra 73 R RINES: R2 - RZ/1E3
31 F (02 -0 4 74 Cl = CIIE + 12, €2 = C2'1E + 12
% 4 Dishiay “’WARNING (D2 - (1~ K+ A) <0 75 BISPLAY “RI = ** R1, "KOHMS", ‘R = " B2, “KOHMS"
33 DISPLAY “"ALPHA MUST BE LESS THAN", D2 - 1 + AK 76 DISPLAY *C] = el ERES Wi
34 DISPLAY - - 77 DISPLA
35 DISPL 7 3 DISPLAY "ANOTHER RUN?"
36 DISPLAY “TRY A SMALLER ALPHA" 79 READ
37 80 IF (N EGY) GO 102
38 86705 8l L FORM
2 EN

Fig. 1—Computer program, written in Tymshare’s “‘Superfortran’ allows the designer to specify critical performance for active filters.
Even-order Butterworth filters of up to 12 poles or Chebyshev filters of up to 6 poles can be designed by this technique. Specifying a
damping factor of 0.707 (or passband ripple of 0 dB) will result in a Butterworth filter, and a damping factor of less than 0.707 (or passband
ripple greater than O dB) will give a Chebyshev filter.
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AAA- AAA—
l s A & RAAS
, s ouT
in A Rz (ggR‘) MC1539 O
c —AAN- AAA— H
*cz
.?L
Ra +R “ C,
GAIN(K) = -A—F C,yl=—=)
Ra 1. o

Fig. 2—This 2-pole, low-pass active filter can be designed quickly,
using this program, by specifying the desired damping factor or
passband ripple, gain and corner frequency.

2-pole high-pass filters

l A A 4 VY'Y
:
c MC1539 2
N E i3 i
1L - +
o—¢ 1t
RZ
AWA—
Ra +R
GAIN(K) =—A_" "8 -
= R, (=aR,)

Fig. 3 —2-pole, high-pass active filters of the configuration shown
here can be designed using the same program (shown in Fig. 1)
used for low-pass designs.

The transfer function for the 2-pole high-pass filter cir- g= g
cuit shown in Fig. 3 is: e
T(S)Z——K-— (8) :L[Zdz—(1—k+0<)+
W2+ 2d g+ 1 %
fore 1 /B ) 2dVel — (1 — k + «)] (11
where ¢ = — 9)
SR,C, V= d = Damping Factor
R
« =t (10) 0 s S5 %, (12)
2 2Ve B
#POLES
DAMPING
FACTOR 2 4 6 8 10 12
d, .7071 .9239 .9659 .9808 .9877 9914
d, .3827 .7071 .8315 .8910 .9239
d, .2588 5556 .7071 .7934
d, 1951 .4540 .6088
dg .1564 3827
dg .1305

Fig. 4— Damping factors for even-order Butterworth filters of up to 12 poles are shown. For multiple-pole designs the section with the
lowest damping factor should be the last section.
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PASSBAND
RIPPLE
#POLES (dB) d, d, d, SF, SF, SF,
0.5 0.579 1.231
5 1.0 0.523 1.050
2.0 0.443 0.907
3.0 0.383 0.841
0.5 0.170 0.709 1.031 0.597
1.0 0.140 0.637 0.993 0.529
% 2.0 0.109 0.528 0.964 0.471
3.0 0.089 0.465 0.950 0.443
0.5 0.077 0.276 0.732 1.011 0.768 0.396
1.0 0.063 0.228 0.657 0.995 0.747 0.353
Y 2.0 0.048 0.176 0.505 0.983 0.730 0.316
3.0 0.039 0.145 0.489 0.977 0.722 0.298

Fig. 5— Damping factors and frequency scale factors for Chebyshev filters of up to 6 poles are shown. Desired corner frequency is multi-
plied by scaling factor for each low-pass section (divided for high-pass sections), and the result is entered in the program.

K = gain (13)

and s = Laplace transform operator.
The break frequency of the filter (w,) is:

o

1 /
W, = R, G, \/é Rad./Sec. (14)
- SFO
> LOAD GRAY
OK.
>R

TER ALPHA

I=m
Z

BUTTERWORTH LOW-PASS FILTER
DESIGN REQUIREMENTS

FREAK FREQUENCY = 10 KHZ
CLOSED LOOP GAIN =5
PASSBAND RIPPLE = 0 DB
DAMPING FACTOR, D =.707
BETA (B) = 6.6449927

ALPHA (A) =1
R1 =6.1740941 KOHMS R2 = 41.02681 KOHMS
Cl1 = 1000 PF C2 = 1000 PF

ANOTHER RUN?
YES

Fig. 6 —Sample program run shows step-by-step design of a 10-
kHz, low-pass Butterworth filter with a closed-loop gain of 5.
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Multiple-pole filters

Active (even order) filters with more than two poles can
be designed using this program by simply cascading several
two-pole sections.

To design a higher order Butterworth filter of up to 12

DESIGN SUMMARY

> RUN

EAMPING FACTOR (D) OR PASSBAND RIPPLE (P)?

?\ITER THE PASSBAND RIPPLE IN DB(0 FOR BUTTERWORTH)
W_OHAT IS THE CLOSED LOOP GAIN?

20

}\QVOULD YOU LIKE A HIGH-PASS (H) OR LOW-PASS (L) FILTER?
?\ITER THE CORNER FREQUENCY (KHZ)

ENTER C2 (PF)

2000

gNTER ALPHA

CHEBYSHEV HIGH-PASS FILTER
DESIGN REQUIREMENTS

BREAK FREQUENCY =6 KHZ
CLOSED LOOP GAIN = 20
PASSBAND RIPPLE = .5 DB
DAMPING FACTOR, D = 58680316
BETA (B) = 3.8267166

ALPHA (A) =5

R1 = 58014566 KOHMS R2 = 11.602913 KOHMS
Cl = 522.64126 PF C2 = 2000 PF

ANOTHER RUN?
NO

Fig. 7—Computer printout of a sample design for a 6 kHz high-
pass Chebyshev filter is shown. Gain of this circuit is 20.
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> RUN.

%AMISING FACTOR (D) OR PASSBAND RIPPLE (P)?

E%TER THE DAMPING FACTOR, D

WHAT IS THE CLOSSED GAIN?

WOULD YOU LIKE A HIGH-PASS (H) OR LOW-PASS (L) FILTER?
EII\ITER THE CORNER FREQUENCY (KHZ)

ENTER C2 (PF)

1000

%NTER ALPHA

\l

I_U'I
O

BUTTERWORTH LOW-PASS FILTER
DESIGN REQUIREMENTS

BREAK FREQUENCY = 11 KHZ
CLOSED LOOP GAIN = 5.02
PASSBAND RIPPLE = 0 DB
DAMPING FACTOR, D = 707
BETA (B) 6.6725403

ALP A) =1

Rl =560i2146 KOHMS

R2 = 37.37433 KOHMS

C1 = 1000 PF C2 = 1000 PF

ANOTHER RUN?
YES

%’Z},SR THE DAMPING FACTOR, D

““i{vzioAzT IS THE CLOSED LOOP GAIN?

““\C}OULD YOU LIKE A HIGH-PASS (H) OR LOW-PASS (L) FILTER?
E\JTER THE CORNER FREQUENCY (KHZ)

ENTER C2 (PF)

1000

IiZNTER ALPHA

SECTION #1

BUTTERWORTH LOW-PASS FILTER
DESIGN REQUIREMENTS

BREAK FREQUENCY = 11 KHZ
CLOSED LOOP GAIN = 1.402
PASSBAND RIPPLE = 0 DB
DAMPING FACTOR, D = 9659
BETA (B) = 2.3859736

ALPHA (A) = 1

R1 = 9.3668808 KOHMS

R2 = 22.349131 KOHMS

C1 = 1000 PF C2 = 1000 PF

ANOTHER RUN?

—‘l—\ﬁ'ER THE DAMPING FACTOR, D

WA%’ IS THE CLOSED LOOP GAIN?

\E\%_D YOU LIKE A HIGH-PASS (H) OR LOW-PASS (L) FILTER?
ENTER THE CORNER FREQUENCY (KHZ)

ENTER C2 (PF)

SECTION #2

CHEBYSHEV LOW-PASS FILTER
DESIGN REQUIREMENTS

BREAK FREQUENCY =1 KHZ
CLOSED LOOP GAIN = 1.402
PASSBAND RIPPLE = 6.0211932 DB
DAMPING FACTOR, D = .2588

BETA (B) = 31241489

SECTION #3

ALPHA (A) = 455
R1 = 17.460941 KOHMS
R2 = 5.455058 K

C1 = 2197.8022 F‘F C2 = 1000 PF
ANOTHER RUN?
NO

(@82) >

Fig. 8 —Six-pole, low-pass Butterworth filter with a gain of 9.87 is designed in just three program passes. Without the assistance of this
program, many hours of tedious calculation would be required for a design of this complexity.

poles, see Fig. 4, which gives the required damping factors
for each section. (To prevent amplifier saturation the sec-
tion with the lowest damping factor should be the last
filter section.)

To design a higher-order Chebyshev filter (up to 6 poles)
refer to Fig. 5, which gives the required damping factors
and corner frequency scaling factors for each section.
Simply multiply the desired corner frequency by this scal-
ing factor and enter the resulting frequency for each low-
pass filter section or divide by the scaling factor for each
high-pass section. The overall filter will then have the re-
quired 3-dB corner frequency.

Running the program

The first question asked by the program is whether you
would like to specify the passband characteristic in terms
of the damping factor (enter a ““D”’) or passband ripple
(enter a “P""). Depending on the answer to this question,
the computer then requests the required entry. The pro-
gram then asks for the desired gain and whether a high-pass
(enter ““H”') or low-pass (enter /L") filter is desired. Next,
the program asks for the desired corner frequency (in kHz)
and the value of C,. (See Fig. 2 for low-pass filter and Fig. 3
for high-pass filter). Finally, the program requests the de-
sired « (see Eq. 2 for the low-pass filter and Eq. 10 for the
high-pass filter). Note that from Eq. 4 (also from Eq. 11) it
is necessary that d> — (1 — k + «) > 0, to avoid taking
the square root of a negative number. If, for a given d
(damping factor) and K (gain), an invalid value of « has
been entered, the program gives a warning, prints the max-
imum allowable value of «, suggests a smaller value, then

loops back within the program to allow a new o« to be
entered without re-entering all of the other filter parameters.
After a valid = has been entered, the computer prints a
summary of the filter parameters and required values of
resistors and capacitors.

The computer output shown in Fig. 6 is an example of
the design of a 10-kHz low-pass Butterworth filter, with a
gain of 5. A design for a 6-kHz high-pass Chebyshev filter
with 0.5-dB passband ripple and a gain of 20 is shown in
Fig. 7 and an 11-kHz, 6 pole Butterworth low-pass filter
with a gain of 9.87 in Fig. 8. In these examples, the infor-
mation entered by the user is underlined. =

References:

1. Ghausi, M., “Principles and Design of Linear Active Circuits,”
McGraw-Hill (N.Y.) 1965, Chapter 4.

2. “The Op Amp and Active Filter Handbook’* Motorola Semi-
conductor Products, Inc.

3. loannides, P.G., “Design Complex Active Filters,”
March 15, 1972, pp. 53-54.
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When you’re sick
of getting promises,
get an oscillator from Varian

Or better yet, call Varian Solid State West in the
first place. We routinely deliver the kind of solid-state
oscillators the others can only promise.

We sound confident because we are.
After all, Varian was the first U.S. company

to offer Gunn-effect devices commercially.

And the first with Impatt oscillators. Since then,
we've accumulated over 30,000 hours of life

test on Gunn-effect oscillators and delivered
=y over 25,000 solid-state oscillators and
diodes. Many of them meeting
requirements others couldn’t match.

We’ve got Gunn, Impatt and tubes.
Only Varian Solid State West has the
complete line of microwave oscillators:
diodes, standard solid-state oscillators,
complete custom r-f subassemblies,
klystrons, and BWOs. Which means
we can be objective about offering
application assistance. And with
over 20 years of oscillator experience,
we know what we're talking about.

We’ll send a new catalog.
Find out what’s available off-the-shelf
by sending for our new Signal
Sources Catalog. For authoritative
information on specials, contact
Varian Solid State West,
611 Hansen Way, Palo Alto,
California 94303. Or any one of the
more than 30 Varian Electron Tube
and Device Group Offices throughout
the world. You'll talk to an
engineer, not a peddler.

@varian
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NEW! PHASE-LOCKED LOOPS.

For greater V.C.O. stability, frequency range, and functional capability.

HA-2800 for guaranteed
frequencies up to 25 MHz.

For use in frequency synthesizers.
As an |.F. amplifier detector for F.M.
Or phase modulation receivers.
Operation guaranteed up to 25 MHz.
V.C.O. output: compatible with both
TTL and ECL and provides improved
temperature coefficient and supply
regulation. Supply voltage range:
12V to 30V.

Supplied: 16-pin 100-999 units
hermetic DIP
HA-2800 —55°Cto +125°C $22.65

HA-2805 0°Cto+ 75°C § 9.85
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NO OTHER PHASE-LOCKED
LOOPS COMBINE THESE
FEATURES.

In addition to greater stability,
frequency range and application
versatility both devices feature:

Independent phase detector and
voltage controlled oscillator in
the same package.

Broken loop between the phase
detector and the V.C.O.,
permitting inclusion within the
loop of amplifiers, active filters,
sweep circuits and other
acquisition aids.

Isolated phase detector output,
which allows adjustment of
demodulated output gain and
filtering without affecting the
loop’s characteristics.

For details see your Harris
distributor, representative, or
write direct.
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L

HA-2820

HA-2820 for frequencies from

0.1 Hz to 3 MHz.

For use as amplifier/detectors, audio
tone generators/detectors, and
precision motor speed controls. V.C.O.
output drives DTL/TTL and provides
greatly improved stability. Supply
voltage: =6Vto =12V.

Supplied: 14-pin 100-999 units

hermetic DIP
HA-2820 —55°Cto
HA-2825 0°Cto + 75°C

125°C $13.35
$ 6.35

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

P.O. Box 883, Melbourne, Florida 32901
(305) 727-5430

DISTRIBUTORS: Schweber Electronics: Westbury, New York (516):}34 7474; Rockville, Maryland (301) 881-2970; Hollywood, Florida (305) 927-0511 / Harvey/R & D Electronics:

Lexington, Massachusetts (617) 861-9200 / Semiconductor S

Inc.: Ch|cago (812)279-1000; Detroit (313) 255-0300; Minneapolis (612) 884-8132; Kansas City (816) 452-3900;

St. Louis (314) 428-6100; Dallas (214) 358-5211; Indianapolis (317) 243-8271; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Albuquerque (505) 265-5671;
Anaheim (714) 547-0891; Austin (512) Enterprise 1443; Dallas (214) 231-6051; Denver (303) 427-3736; Glendale (213) 849-3451; Houston (713) Enterprise 1443; Palo Alto (415) 321-5373;
Phoenix (602) 272-7144; Pomona (714) 623-1261; San Diego (714) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430;

Wayne, Pennsylvania (215) 687-6680; Palos Heights, lllinois (312) 597-7510; Melbourne, Florida (305) 727-5430; Palo Alto, California (415) 321-2280; Melville, New York (516) 249-4500;
Syracuse, New York (315) 463-3373; Washington, D.C. (202) 337-4914; Dallas, Texas (214) 231-9031; Scottsdale, Arizona (602) 946-3556; Long Beach, California (213) 426-7687
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We regretfully announce that we were
system into our old calculator box.

All we could get in were 52 times as many memory registers plus 16 times
as many programming steps, a lot more logic, and a magnetic card reader.
The rest of the stuff we had to leave outside.

Our box still weighs
22V pounds,
but it now holds

Up to 522 memory registers, in increments of 64. There's 4-rule arithmetic
and special key functions into and out of all registers, and you won't destroy
the contents when you turn off the machine.

Up to 4,096 steps of programming, in increments of 512. You can do an
entire program from the keyboard and see all your steps printed out for
debugging. Symbolic addressing makes branching and jumping very simple.
You can backspace, correct errors, and insert steps without having to re-enter
the program. You can program the decimal-point printing format, do 16-level
nesting.

A magnetic card reader/writer that lets you input programs, write
programs, put data into memory, save programs and memory contents. (

Fully algebraic keyboard arithmetic, with nesting of parentheses. You enter
equations the way you write them, not the way the machine wants them.

Multiple key interlock and rollover, with buffering so you can enter data
while the machine is calculating.

Labeled keys for logs, antilogs, a* and all common mathematical
and trigonometric functions including hyperbolics, and also
input/output in degrees-minutes-seconds, full 4-quadrant
coordinate conversion, statistical summation (n, X, x*),
standard deviation and mean, factorial, sum-

square backout (correction of summations),

plus optional user-definable function keys.

"Compucorp.



unable to cram all of our new computer

It doesn’t hold

An input/output typewriter
(your choice_of brands.) U

An XY plotter.

A cassette tape recorder.
A punched-card reader.

A mark-sense card reader.

A Teletype. You have to
plug those in.

We're talking about the new 400 Series of desktop computers that
complements and extends our Compucorp calculator line. The Model 425 is
for engineers, scientists and surveyors, the 445 is for statistical folks.

We've made more than 30,000 of our other models in the last couple of
years. They come in little boxes that sit on a corner of your desk. Each one
has an array of powerful one-punch keys that solve the problems of a
particular kind of user. They have up to 20 storage registers and 256 steps of
programming.

There's a wide range of prices so you can buy enough power to do your job
without having to pay for more than you need.

But many customers have said, “That’s not enough machine for me” Hence
the 400's.

The 400's are as easy to operate as our other models (easier, in fact.) They're
enormously powerful and versatile, they interface with an array of peripherals,
and they come in the same little box.

The 400's start at $3,750, our other models a lot lower.

Write down what you need on your letterhead. We'll show you a calculator
or a desktop computer thatfits your problems and your pocketbook.

Computer Design Corporation 12401 West Olympic Boulevard, Los Angeles, California 90064 Telephone (213) 478-9761
CIRCLE NO. 25



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

For all of you who entered the Tri-State™ logic design
contest, sponsored by National Semiconductor and EDN,
here are the long awaited results. The winning circuit was
submitted by Mr. Vedon Otto of General Dynamics, Fort
Worth, Texas. The design he suggested is a quad flip-flop
with two Tri-State input/output pins per flip-flop. As prom-
ised, Mr. Otto wins a U.S. Tri-State trip, allowing him and
a companion to fly to any three states of his choice.

Mr. Otto is presently on assignment in Alsaka with Ge-
neral Dynamics and EDN has been unable to contact him
to learn his reaction or choice of states that he will visit.
His prize-winning design is shown in Fig. 1.

The runners up are:

eSecond: Joseph Petit of G.E. in Syracuse, N.Y. for his

design ““A bipolar data bus switch’”” used to transmit or

receive on a common bus between two data processors.

*Two men tied for third with essentially identical entries:

Cary L. Anderson of Trans-A-File System Company, San-

ta Clara, Calif. and James M. Kasson of Hewlett-Packard

in Palo Alto, Calif. who designed ““Hex bidirectional bus
transfer gates”” which result in a 4-to-1 reduction in pack-
age counts in bus oriented processors.

°In Fourth place two people had similar circuits:

Philip C. Norem of Autotelic Industries in Buffalo, N.Y.

and David M. Barton of Develco, Emtel Div., in Mt.

View, Calif.

In examining the entries, we became aware of some
things we hadn’t anticipated. Namely, that Tri-State as a
concept was not fully understood by many of the people
who entered the contest.

As the functions available inside packages become
more complex, the IC part count in digital systems, has
dropped steadily. The appropriate use of Tri-State logic

has been a big factor in the reduction of the number of ICs
used per system, while still using general-purpose MSI
parts. For example, National has done test designs using
Tri-State parts that are available or will be coming out
soon to functionally duplicate two well known and very
similar minicomputers. The total IC part count for the test
design was about sixty, which compares to 300 ICs for a
three-year old computer design and 130 ICs for an eight-
een month old computer design.

Exercises like this help IC companies gain insight into
the features which make parts useful. In the light of this
type of experience, Mr. Otto’s circuit was judged the most
useful entry submitted.

In general, those who entered the contest could be
placed in one of three categories:

First, those who obviously used Tri-State parts in the
past and were suggesting new and better devices.

Second, those who had built digital systems in the past
but who did not fully understand how to best apply Tri-
State logic to improve their system performance. As a re-
sult, they suggested the use of Tri-State in places where
conventional TTL would have been perfectly adequate.

And third, those who tried to use Tri-State as a circuit
tool rather than a system tool. For example, one entrant
used Tri-State in a number of places inside a proposed
device to performed what amounted to a simple “OR”
function. The part he described would have performed an
interesting function, but this was not a good way to apply
Tri-State logic.

Characteristics overlooked

The judges also felt that some of the characteristics of
Tri-State were being overlooked by prospective users. For
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Fig. 1—Winning design in the National Semiconductor/EDN Tri-
State’ logic design contest is this quad D-type flip-flop with two
Tri-State input/output pins per flip-flop. National plans to produce
this device, with slight modifications, as a standard product.
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Fig. 2— Tri-State devices, when put into the high-impedance state,
exhibit high input, as well as output, impedance due to the multi-
ple emitter input transistor. The Tri-State control will then sink all
the base current, while the input pins see only leakage currents.
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example, when a Tri-State device is put into the high im-
pedance state, the input becomes a high impedance as
well as the output. This is due to the design of the multiple
emitter transistor at the input as shown in Fig. 2.

By physically locating the Tri-State control emitter clos-
er to the resistor coming into the base, this emitter will
always hog all of the base current, I,, when it and the data
input emitters are in the low state.

Since the base region of this transistor is a semiconduc-
tor material with a finite resistance per square, the further
away an emitter is from the base resistor contact, the high-
er the voltage drop from input to base for a given current.
The result is that the Tri-State control input sinks all of |
while the input pins see only leakage current.

Another feature of Tri-State logic that most people are
not aware of is the ability of the output, when in the dis-
abled state, to clamp transmission line undershoots.

Let’s say that a Tri-State part is at the end of a fairly long
wire (i.e. ten feet) and that it is in the high impedance
mode. Let's also say that a signal is being transmitted from
the other end of the run to some device near our circuit.
There is no termination resistor anywhere on the run. If
the signal rings at the end of the line, the disabled Tri-State
circuit will clamp undershoots trying to go below-0.4V.
A look at the basic Tri-State circuit will show why (see
Fig. 3)

Since the output is in the high-impedance state, Q, must
be “on,” with its collector voltage approximately 0.3V,
and the base of Q, is at about 1.0V. If there is ringing on
the line, V., can go below ground, but as soon as it goes
more negative than two diode drops below the base of Q,,
both Q, and Q, turn on. This initial clamping occurs at
about 0.4V below ground, with a current of about 50 mA
coming from V,.. through R. If V. still continues more
negative, hundreds of milliamps of clamping current are
available when V. goes more than one diode drop be-
low ground. At this voltage, the collector of Q, looks like
the cathode of a diode whose anode is the substrate of the
chip.

B’

Fig. 3— Bonus feature, often overlooked in Tri-State designs, is the
ability of Q, and Q, to provide current to clamp negative spikes
when in the high-impedance state. This permits the use of long,
unterminated transmission lines without fear of excess ringing.

Fig. 4—Bus organized systems, such as the one shown here, re-
quire 2(L) propagation delays when terminating A-to-B transmis-
sion before beginning C-to-D transmission. This is a point which
many designers missed in the Tri-State contest.

Long lines can be driven unterminated

While on the subject of data transmission, another fea-
ture of Tri-State logic can be discussed. Since Tri-State can
absorb transmission line undershoots, fairly long lines can
be driven unterminated.

Let's examine a bidirectional line using any transmitter
and receiver technique that requires terminating resistors
(open collector, for example). This could be the bus in any
bus organized system similar to the one in Fig. 4.

Assume that the control signals at both ends of the line
which determine the direction of data transfer are coinci-
dent and opposite. Assume also that A has been transmit-
ting a “O” to B. At a point in time, the control signals stop
the A-to-B transmission and start the C-to-D transmission,
with C also transmitting a “O”” to D. When can D be sure
that it has received C’s signal? “Immediately”” is not the
answer. One propagation delay equal to line length L is
not the answer either. Twice the propagation of line length
L is the answer.

The reason for the double delay is that when A is inhib-
ited it becomes a high impedance and the voltage at the
input to D rises rapidly toward +V due to the termination
R,,. At the same instant, C has become a low impedance
and its output is at a “O’”. However, C is doing no work
because the signal from A is still holding down C’s end of
the line.

After one propagation delay, the signal generated by the
termination R, reaches C’s end of the line. Then, and only
then, does C begin to drive the line. C’'s “O” now begins
to propogate back toward D’s end of the line. The effect
has been a pulse +V volts in amplitude at D’s end of the
line lasting for two lines propagation delays. Try it, you'll
see it.

This means that, effectively, the propagation delay for
that line is twice what it should be for its length. The main
source of this problem is, of all things, the termination re-
sistors. With no termination resistors, the distributed capa-
citance will cause the voltage on the line to change very
slowly (relative to the line length) when either end of the
line becomes a high impedance. Then, either A or C be-
gins driving the line immediately and the data can be
sampled at the other end after only one propagation delay.
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However, most bus driving techniques require a termina-
tion resistor to set a logic level as well as to properly ter-
minate a line, since most drivers can only drive in one
direction (to one voltage). With Tri-State this problem
doesn’t exist, since Tri-State can drive in both directions
(to either of two voltages) and still go into a high-imped-
ance state when required.

(National Semiconductor is in the process of publishing
application notes which will cover digital data transmis-
sion in general. These features of Tri-State will be thor-
oughly described in those notes.)

A final point about Tri-State logic is one that is not read-
ily obvious. Tri-State devices can sustain multiple shorted
outputs to either V. or ground indefinitely without any
permanent damage. The devices will get hot, but when the
short circuits are removed and the devices cool down,
they will again perform according to specification. A re-
port on the effects of short circuits on Tri-State devices is
available at this time from National Semiconductor Corp.

In conclusion, we would again like to congratulate Mr.
Vedon Otto, wherever he may be, for winning the Nation-
al Semiconductor-EDN  Tri-State Design Contest. We
would also like to congratulate the runners up and to
publically thank all those who took the time to enter this
contest. ]

The staff of EDN would like to thank Stephen Calebotta of
National Semiconductor Corp. for his assistance in judging
entries in the Tri-State contest, and especially for preparing
this report and analysis.

Winning entry to become standard Product

National Semiconductor Corp. is in the process of
building the winning circuit with some minor
changes. The key change will be the use of gated D
flip-flops similar to those used in the DM8551 as
opposed to the normal D flip-flops as shown in the
logic diagram.

The reason for this change is that the normal D
flip-flop stores whatever is at the data input (ignor-
ing setup times) whenever the clock input goes from
a logic ““0” to a logic ““1”. In order to retain data in
the flip-flop and still be able to change the data on
the input line, the clock must be inhibited. Those
designers who have tried, are aware of the problems
associated with gating a system clock. (Clock skew
due to propagation delays, inversion, etc.).

A better idea is to apply system clock all the time
and to gate the data instead. With the gated D, there
is logic on the chip which permits the signal that
would have controlled the clock line on the normal
D flip-flop to control the data presented to the input
of the gated D flip-flop, either new data or the Q
output fed back. There is an increase in the mini-
mum input setup time, however, but this is less of a
problem than gating the clock.

FOR A FREE COPY OF THIS ARTICLE CIRCLE 163
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FAST, REPAIRABLE

SHIELD TERMINATING.
TAG UP WITH

rt for Terminating And Grounding, TAG-Ring has it all over other
1iethods for terminating groups of individually shielded wires.

Here’s just a few advantages: Up to 609 weight reduction. Com-
plete field repairability and serviceability. No special tools required.
Compensates for differences in shield thickness. Reduced installed
length.

Utilizing a self pigtailing technique, the shields
are captivated in slots of the TAG-Ring
body by a gold plated spring member
in the threaded clamp nut.

TAG-Ring can also be supplied as an
integral part of the connector
adapter where it is desired
to use the connector shell
as the ground point.

TAG-Ring installed.
U.S. Patent #3,465,082

WHERE YOUR SPECIALS ARE OUR STANDARDS.

Glenair Inc.

+ 1211 Air Way Glendale, Ca. 91201
! (213) 247-6000

eanamanmesnaneeesd TWX 910-497-2066 TELEX 67-3485
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Contactless solid state switches

Miniature thumbwheel switches

Switches?

Talk to the specialists at Dialight first.
You won’t have to talk to anyone else.

Dialight has a switch for virtually any application. That problems...LED lighted switches...thumbwheel switches that
means complete freedom to design for the job without compro- snap together to provide any number of decades you require...
mising on physical or electrical parameters. Dialight can give switches with transistorized indicators. If you have a special
you push button switches with unlimited cap and bezel options problem, tell us about it. Chances are, the specialists at Dialight
...solid state switches that eliminate all mechanical switching have seen it before. Meanwhile, ask for our switch catalog.

DIALIGHT ...

DIALIGHT CORPORATION, A NORTH AMERICAN PHILIPS COMPANY - 60 STEWART AVENUE, BROOKLYN, N.Y. 11237 + (212) 497-7600
CIRCLE NO. 59
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Get 1t out of

=

Replace it with a
solid-state relay built around
a Monsanto opto-isolator.

An all-semiconductor relay has

a lot of sex appeal. No contact
bounce, because there are no
contacts. No coil. No reed. No
transformer, either. Turn-on and
turn-off times of less than 50 usec
are easily achieved. It will take the
severest Mil-Spec mechanical
shock and vibration tests without
blinking. It will operate in ambient
temperatures from —55°C to
+100°C. Best of all, it gets a
component with a built-in failure
mechanism out of your system.

New Application Notes
It's easy and inexpensive to find
out how the Monsanto line of opto-

32

The MCA-2 photo-Darlington
does the switching.

Monsanto

CIRCLE NO. 26

isolators (alias photo-coupled
pairs) can help you build an all-
solid-state relay into your system.

Send for our new application notes
AN501 and AN502. The first shows
you a DPDT 125 mA semiconductor
relay, the second how to build a
low cost ($7.06) solid state AC
relay that will switch a wide range
of voltage and current levels. Very
interesting reading. Use the bingo
card or call us at (408) 257-2140.
Monsanto Commercial Products
Co., Electronic Special Products,
10131 Bubb Road, Cupertino,
California 95014.
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Save 1.7 pounds with an
Electrocube 2.5KVA foil
transformer.

That's our aluminum foil FT1001 that weighs 2.7 pounds.
An equivalent copper wire wound transformer weighs
about 4.4 pounds. With one of our larger KVA units, a
customer reduced the weight of his equipment about 7 Ibs.
That saved a lot just on shipping to Europe.

Save space as-well. With aluminum foil, the winding
area is efficiently used and less core volume is needed to
support the flux density of a given load. Our 1.75KVA unit
is only 3.5 x 3.6 x 3.75. To some people space is nothing,
we think it's something worth saving, and we'll try not to
charge you extra for the space our transformers save you.

You can have standard or custom units from 150VA to
10KVA, open-frame or hermetically sealed. Efficiencies
from 90%-96% and regulation 3-5%, for 60 Hz or 400 Hz.

And save yourself
some trouble from
EMI, arcs and noise
with our filters and RC
networks. We'll make
almost any kind to
solve your problem.
We've made subminia-
tures to multicircuit to
high power and screen
room filters - .1 to 500
Amp, 1 to 5,000 VDC,
DCto 1,000 Hz — in the
last ten years.

Our RC networks are tough enough
to take up to 2,000,000 arcs, sparks
and noise transients. Standard
molded units are rated 125 to 500
VAC, 200 to 2,000 VDC. Molded or
metal case units to your require-
ments.

Save weight, too, with our bal-
lasts like this 69047 that operates
two 6-watt aviation type T5 lamps an
115VAC, 400Hz. It's about the size
and weight of a cube of butter, but
rugged, reliable and MIL specs. No
separate transformer needed. Cus-
tom units to meet almost any lamp or
supply requirement.

& clectrocube

1710 South Del Mar Avenue, San Gabriel, California 91776,
Telephone: (213) 283-0511 / TWX: 910-589-1609
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CIRCUIT DESIGN AWARDS

One shot multivibrator has delayed output

Louis Sims
Key Tronic Corp. Spokane, Wash.

This circuit will generate an output pulse after a delay of
approximately one microsecond. Delay = 0.36 R, C,,
where R, = R, | 4k. The 4k is the internal equivalent re-
sistance of the TTL 7413 gate. R, may be chosen much
smaller than 4k to ““swamp’’ out the effects of the large
manufacturing tolerance of the 4k resistance and to arrive
at a more accurate delay time.

The pulse width is given by: Tpw = 0.36 R, C,, where
R, = R, | 4k.

This can be made much longer than the triggering pulse,
if desired. Again the same considerations apply in the
selection of R, as for R,. Trigger pulses that are shorter
than the delay time are rejected and will cause no output.

Recovery of the delay circuit is Beta limited by the 7403
output transistor. Full recovery of the pulse timing circuit
is determined by the time constant for R, C,. O

Transistor circuit speeds synch time of phase-locked oscillator

J. S. Swartz
IBM Corp., San Jose, Calif.

This circuit can reduce maximum synchronization times of
a phase-lock oscillator (PLO) by as much as half. For ap-
plications where variable data transmission rates are en-
countered and the PLO must be synchronized rapidly the
circuit offers outstanding improvement in performance.

The circuit includes a compensation network consisting
of series capacitors C,, C, and a resistor, R, coupled be-
tween the two capacitors and to a reference potential,
such as ground. The compensation network serves as a fil-
ter for the voltage-controlled oscillator (VCO), which pro-
vides a signal of nominal frequency subject to error correc-
tion for phase locked operation. The stored voltage on C,,
C, is proportional to the frequency. If a PLO must be
switched from an extreme frequency above or below the
nominal center frequency to another data source on the
opposite side of the center, the switching time can be re-
duced by initializing the voltage on C,, C, to the nominal
center frequency (OV) before synchronization is attempt-
ed. This reduces the maximum time needed to acquire
final synchronization.

During operation, an initialization pulse is provided to
complementary input transistors Q, and Q,, causing tran-
sistors Q, and Q,, connected to the capacitors, to saturate.
As a result, the capacitors are forced to ground. The initial

54

Delayed pulse generator, in this case set for approximately 1
usec, can be set for other delay times by varying R, and C,. Out-
put pulse width is set by varying R, and C,.

To Vote For This Circuit
Circle 150

frequency deviation of the PLO is thus cut substantially,
reducing synchronization time effectively. &

To Vote For This Circuit
Circle 151

VCO f— f
+INITIALIZE
+6V
O—ANA—9 Q, - Q, ARE 2N706
Qs
AINITIALIZE
2
e, =|. R,
910 510
pF

-4y 4V

Rapid synching of a phase-locked oscillator is enhanced with this
switching circuit that provides potential control of the VCO.
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Constant-current generator speeds up wired-OR circuits

Peter Alike
Fairchild Semiconductor Mountain View, Calif.

Open collector outputs allow easy expansion of digital
integrated circuits, particularly memories, by facilitating a
common bus output interconnection from many devices
and allowing the activation of only one device at a time.

The output transistor of the activated device can pull the
common bus LOW and a single pull-up resistor can pull it
HIGH. For high-speed operation, the value of this resistor
should be as low as is consistent with the fan-out (current
sinking) capability of each IC, typically 16 mA as shown in
Circuit “A"".

While a resistor is the most economical pull-up device,
it has two drawbacks: The current available to charge the
stray and load capacitarices decreases as the output rises;
and the bus voltage rises exponentially to V.. This is
much higher than necessary to insure proper TTL noise
margins.

The ideal pull-up device would be a constant-current
generator plus a clamp preventing the output voltage from
exceeding +2.4V, as in circuit “B”". The circuit shown in
“C"” implements this concept. Q, acts as a constant-cur-
rent generator (16 mA) and Q, acts as a clamp when the
output voltage reaches 2.4V. With a light capacitive load
of 100 pF the response time is only slightly improved; but
with a 500-pF load, rise time is decreased by 11 nsec and
the fall time by 24 nsec (measured as a decreased delay at
the output of the read gate), which is a significant im-
provement for the cost of three additional resistors and
two PNP transistors. [

cc

(b)

Open collector gates in a wired -OR configuration normally use a
pull-up resistor, as in circuit A above, bringing the output bus to
V.. Since the required input to subsequent stages is only +2.4V,
the clamped constant-current scheme in circuit B will provide
faster switching. Circuit C is a practical equivalent of circuit B,
providing an 11 nsec improvement of risetime when driving a
500-pF load.

To Vote For This Circuit
Circle 152

2 TTL packages convert BCD up-counter for down counting

Jack Sellers
Mostek Corp., Carrollton, Tex.

This circuit illustrates a unique, inexpensive approach to
providing a choice of up or down count from a normal up
counter. This avoids the requirement of the more expen-
sive up/down counters where a simple down count is de-
sired. The trend to MOS multi-counter circuits makes this
circuit a practical means to obtain low-package-count and
still provides both up- and down-count capability from the
standard up-counter.

The circuit does not provide full up/down counter capa-
bility; that is, one cannot count up to a certain count and
reverse direction to count back down. However, many
applications for up/down counters are such that they are
always operated in an up-count or always in a down-
count mode. Several applications, including digital volt-
meters, require the up/down mode to change on a cyclic
basis with this change occurring following a reset condi-
tion. It is for these applications that this circuit is intended.

Two packages are all that’s required to achieve this
conversion of a up-counter (e.g. Mostek’s MK 5002 P/MK
5007 P) to a down-counter from the reset condition.

The circuit shown accepts true BCD in and provides the
following output dependent on the state of the U/D con-
trol:

U/D CONTROL
o)
BCD IN BCD OUT
? " >—o0 1
10 7
2 0—¢ 02

L DDty

8 O— +
7400 OR 74L00 7486 OR 74L.86
TRUTH TABLE
NO. BCDIN u/D=1 u/D=0
8421 8421 8421
0 0000 1001 9 0000 0
18080 fobio L8 0001 1
2. 0010 A 1 0igrt0: .2
3 ‘e 011 0110 6 0011 3
4 0100 0.101 5 gito0, A
5 0101 0 180 & 0101 5
8 - D110 0011 3 T e I T
PN T ] (A T T 0111 7
& 1a9ipo 0001 1 1000 8
9 1001 0000 0 1001 9

Standard or low-power TTL can be used to implement this 9’s
compliment BCD generator. The low power versions will be more
desireable if you are driving an MOS BCD up-counter. As seen in
the truth table, only one control bit is required to set the conver-
sion circuit for up or down counting.
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U/D = Logic 0 (LOW) allows the data at the input to
appear in the same true logic state at the output also.
U/D = Logic 1 (HIGH) adds the complement of the
number 9 (0110) to the BCD information at the input.
Adding 0110 transposes a9 and 0, 8 and 1, 7 and 2, 6
and 3, 5 and 4.
True BCD is provided at the output in both cases. During
9’s complement addition, the following is true: No carry is
generated in Bit 1; a carry is generated when Bit 2 is logic

1 and the carry is added to Bit 4; a carry from Bit 4 is gen-
erated anytime Bit 2 carries or Bit 4 is a logic 1 with this
carry added to Bit 8.

A mode change at any time other than reset would not
necessarily provide a useable count output. ™

To Vote For This Circuit
Circle 153

One CMOS package makes universal logic probe

Phillip Bryant
Nashua, New Hampshire

Why design, or buy, a logic probe for each type of logic
you must check? The CMOS logic ICs in RCA’s CD4000A
series (or their equivalent) will operate from supplies of 3
to 15V. The defined “ZERO" and “ONE" levels for CMOS
correspond closely to RTL, DTL, TTL and HTL when oper-
ating at the V. levels common to those logic families, but
a level translator will be required for ECL interfaces, or for
any logic levels over 15V. One very attractive feature if
you're using CMOS for probing around logic circuits is
that its input impedance—typically 102Q —isn’t likely to
disturb the circuit under investigation.

The CD4009AE hex buffer costs a little over $4 in small
quantities, and as shown in Fig. 1 only 2 resistors and 2
LEDs are required to convert it into a logic probe. The
basic circuit consists of inverters B, F & E in a Schmitt trig-
ger configuration. Resistor R, prevents latch-up of the cir-
cuit, and its value is somewhat arbitrary. If R, is less than

50 kQ, switching speeds can be increased, but hysteresis
will be introduced into the circuit. Inverter D merely pro-
vides an output complementary to the Schmitt trigger, and
inverters A and C provide extra current sinking capability
to drive the LEDs. [

15 |
10
LOGIC INPUT -
Cwouts) 1 -
‘ . AT AUNDEFINED REGION]
.7 A4 |l 14
4

Vcc

INVERTERS ARE 1/6 CD4009AE
LED’s ARE H.P.5082- 4403
RESISTORS ARE 1/8W.

Fig. 1—CMOS logic probe features 102} input impedance and
covers 3 to 15V range. While LEDs are visible at all voltages, a 1
kQ pot in place of R, will allow user to increase brightness at
lower voltages.
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Fig. 2— Logic levels of CMOS gates vary directly with supply volt-
age. The undefined region shown here for a single gate is greatly
reduced in the circuit in Fig. 1 because of the regenerative feed-
back through inverter E in the Schmitt trigger.

To Vote For This Circuit
Circle 154

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: Ury Priel winner of the Febru-
‘ ary 15 Savings Bond Award. His winning circuit is

““One shot triggers on both edges.” Mr. Priel is with
| National Semiconductor Corp., Santa Clara, Calif.
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SRL

Power Supplies...
Performance.
Versatility.

Check the specs.

s s ey Fgu"L"%id Voltage e Current US.A
Mode | Votage STk RMSVoltsP : Amps|  (Comb) E%E?E;‘g A Mods Modo st
Vde) [55°C | 60°C [ 71°C | 'y | vy | RMS | Voltage | Current [ (RS (2_55/%0)" Volts/Volt O?I%’%“)p mV/Amp

SRLI0-25 | 010 | 25 | 22 | 167] 350 | 20 [ 1omA Al m 200 1 4 20 | s450
50 | 010 |50 | 4 (335|300 | 10 [20ma M| 200 1 20 8 | 650
00| o010 [100| 88 | 67 | 300 | 20 | 30mA s | o 200 1 10 25 | $825
SRL20-12 [ 020 | 12 [ 105| 8 | 200 | 20 | 3ma WA | n 200 1 80 80 |35
25 | 020 | 25 | 22 | 167| 30 | 20 | 10mA Mz | 1m0 200 1 40 20 | s$525

50 | 020 | 50 | 44 | 335[ 50 | 40 | 10mA MR 200 1 2 8 | 175
SRL40-6 | 040 | 6 | 53 | 4 | 200 | 20 [05ma % Men| mn 200 1 150 150 | $435
12 | o040 | 12 [105] 8 [30 | 20 [ 1ma % 0e% | 1m0 200 1 80 80 | $525

25 | 040 |25 | 22 |167] 500 | 10 [1oma| S el w 200 1 40 20 | %630

50 | 040 | 50 | 44 |335[ 700 | 40 | 10mA MR 1m0 200 1 2 8 | $850
SRLGO-4 | 060 | 4 | 35 | 268|300 | 20 [o05mA &%zrf;’\ 70 200 1 250 250 | $450
8 | 060 | 8| 7 [53|30 | 20| 1ma x| m 200 1 125 125 | $580

a7 | o060 | 17 | 149 | 114|500 | 10 | 3ma 0| 200 1 50 40 | $6%

35 | 060 | 35 | 31 |234] 700 | 40 | 10mA 3;%;]7; 150 200 1 25 15 | 970

*Selectable: write for Sorensen performance note, PAN-1.

Sorensen’s SRL line. A family of high performance, general-purpose power

supplies designed for laboratory and systems applications. Outstanding features include
built-in overvoltage protection that is quickly set and checked even under full load.
Selectable programming coefficient and voltage gain. Great ripple and transient response
performance. But, check the specs. Evaluate SRL total performance and value for yourself.

BOL L 0 OOl

rrrrt>-

B e e e
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Get information on our other power supplies
too. Write for your free complete line catalog.
Sorensen Company, a unit of Raytheon
Company, 676 Island Pond Road, Manchester,
New Hampshire 03103. Tel. (603) 668-1600.

orensen

POWER SUPPLIES
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Testing digital IC’s?

8013A, $625

HP’s new pulsers give you

the most capability per dollar

If digital IC’s are your big interest,
HP’s new 8000-Series pulse gener-
ators are for you. You not only get
versatile capability, but you save
money as well! These new pulsers
offer you a choice of price/perfor-
mance packages to meet your needs,
within your budget—whether you're
working with computers, communi-
cations, telemetry, or any other
digital system.

The new 8007A gives you rep rates
from 1 kHz to 100 MHz, variable
transition times (2.5 ns to 250 us),
+5 Vamplitude, and =2.5 V dc offset
— all for $1600. With the 8007A, you
can design and test the fastest of
today’'s digital devices—ECL IC's
and bi-polar memories—and have
“speed to spare” for tomorrow’s
advances.
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If you don’t need 100 MHz, you can
save. For only $875, you can get the
new 8012A, which gives you rep
rates from 1 Hz to 50 MHz. Like the
8007A, it offers variable transitions
from 5 ns to 0.5 s, with =5 V ampli-
tude and 2.5 V dc offset.

If you don’t need variable transi-
tions, you can save even more. Our
8013A gives you rep rates from 1 Hz
to 50 MHz with a fixed transition
time of <3.5 ns, =5 V with dc offset,
and dual outputs—all for $625.

All three of these new pulsers give
you pulse-shaping capabilities,
allowing control of NRZ or RZ wave-
form parameters with the output
width determined by the input wave-
form width. Normal external trigger-
ing and gating are also supplied.

The 8007A also gives you a double-

CIRCLE NO. 29

8007A, $1600

pulse mode, and all three models
have square-wave capabilities. And
the 8013A offers simultaneous posi-
tive and negative outputs, with =5 V
amplitude across 50() (=10 V open-
circuit or with high-impedance in-
ternal source).

Other HP pulse generators, listed
in the catalog, begin as low as $225.

For further information on any of
these new 8000-Series pulsers, con-
tact your local HP field engineer. Or
write Hewlett-Packard, Palo Alto,
California 94304. In Europe: 1217
Meyrin-Geneva, Switzerland.

081/11

HEWLETT W PACKARD

SIGNAL SOURCES

E;DUN, JeUNIES T 5, 11907 2



COMPUTER HARDWARE

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

Many “worst-case patterns’” are invalid because they ignore the significance
of the addressing sequence of the information test pattern

Phil Harding, Electronic Memories

Delta noise is the major nemesis of core memories. It is
the penalty of coincident current caused when a matrix of
cores is selected by the coincidence of one of many X
lines and one of many Y lines. Because of this selection
efficiency, there are many unselected cores excited by half
current amplitudes. Each of these cores generates a noise,
which in sum with other cores, becomes significant.

Memory designers and applications people evaluate
core memories by generating an information pattern and
addressing sequence which is called “‘worst-case pat-
terns.”” Most frequently the tests generated are not truly
worst case because they ignore or do not appreciate the
significance of the sequence. An appropriate evaluation of
a core memory must delve into a number of significant
characteristics:

* Hysterisis loop characteristics

e Matrix of core outputs

* Sequence of events

¢ Delta noise wave shapes

A review of these characteristics will expose the defi-
ciencies of many acceptance tests, and will give a general-
ized understanding of the problem so that valid tests can
be generated.

CURRENT

DIRECTION OF READ CURRENT

Fig. 1—Six-state model of a core hysteresis loop helps analyze
memory behavior.

euV, —Location of core flux prior to a read due to a full write
‘1" insertion.

erwV, — Location of core flux after a single or many half read
(I, 1, Vuninie) Pulses followed by half write pulses (I, 1,). The
core was initially set into the ‘I’ state.

ewrV, — Location of a ‘1’ core flux after a half read disturb.

*rwV,— Location of a ‘0’ core flux after successive half reads
(I, 1) Lunivie)» followed by half writes (1, 1, 1;,ppi)-

*wrV, —Location of a ‘0" core flux, which was previously write
disturbed out of the undisturbed ‘0’ state (UV,), further dis-
placed by many successive half read disturbs (I, 1, 1;, ;-

*UV, —Location of core flux after a full read.

An analysis of hysteresis loop characteristics

A true hysteresis loop depiction of a memory core in-
volves more than the six states shown in Fig. 1. However,
the six-state model is usually sufficient to properly analyze
memory behavior. As can readily be seen, the worst X or Y
read delta noise will occur if all the positive signal cores
excited by the X or Y read current are in the rwV, state,
while all the negative signal cores are in the wrV, state, or
vice versa.

Lines Xy, Xo55 55 % 4 X;, . . . . X, shownin the symbolic
mapping of the Kth bit plane of either a 2-1/2D or 3D
memory in Fig. 2, represent the mX access lines. Lines Y,
Y rrinaten Y L. Y, represent the n'Y access lines.
The intersection of X; and Y; represents the selected address
bit. The significance of the quadrants shown are:

Quadrant | —includes the cores on the sense line which

intersect X and Y access lines in the direction to produce

positive outputs from both X read and Y read current ex-
citations.

Quadrant Il —includes cores which intersect in the direc-

tion to yield positive outputs from X read and negative

outputs from Y read current excitations.

Quadrant Ill—includes cores which intersect in the

direction to yield negative outputs from both X read and

Y read.

Quadrant IV—includes cores which intersect in the

direction to yield negative outputs from X read and

positive outputs from Y read current excitations.

Y4 Yi Y
2t |
b by //
A SELECTED
A CORE
X LY AN >4 > 5 4
i " m. 3 ~ 17 i 7>
%r
QUADRANT QUADRANT
’/ I
3
\\
QUADRANT N QUADRANT
X 11 N ]

Fig. 2—Matrix of core outputs shows core sense polarities of the
K bit plane.
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The worst-case delta noise occurs if the following is true:

* All cores along selected X; line in quadrant | are in

rwV, state.

* All cores along selected Y; line in quadrant | are in

rwV, state.

e All cores along selected X, line in quadrant IV are in

wrV, state.

* All cores along selected Y, line in quadrant Il are in

wrV, state.

An equivalent but opposite in polarity worst-case delta
noise occurs if the states in quadrant | are exchanged with
quadrants Il and IV.

It is difficult to generate the above conditions. Normal
sequential addressing cannot be used because the delta
noise is eliminated along the selected access line which is
being repeatedly selected.

How to generate a worst-case sequence

The following is one example of how the previous analy-
sis can be used to generate a worst-case sequence in a 3D
core memory.

* Write ““1”’s in quadrants Il and IV. All cores in these

quadrants are left in the rwV, state.

« Write ““0”’s in quadrant I. All cores in quadrant | are
left in wrV, state except for the last X or Y access line.
This last line of cores is left in the rwV, state (approxi-
mation). All the cores in quadrant Il and IV are left in
the wrV, state.

» Write ““1”’s in quadrant Ill. All cores in quadrants Il and
IV are left in the rwV! state. Cores in quadrant | are un-
affected.

This sequence leaves all quadrant | cores in the wrV,
state except for one line of cores. It also leaves all cores in
quadrants Il and IV in the rwV, state. When a core in
quadrant | is addressed, the X read current will cause a
large negative sense noise in quadrant Il, and a small posi-
tive noise in quadrant |. Similarly, the Y read current will
cause a large negative sense noise in quadrant IV, and a
small positive noise in quadrant I. Thus, large negative Y
and X delta noise pulses will be generated. Once quadrant |
is addressed, the entire sequence must be regenerated to
reinduce the worst-case delta noise.

The delta noise generated from either X or Y read half-

3
X OR Y
DRIVE

CURRENT

[ R ""— Lot —

AMPLITUDE

Fig. 3— The important parameters of a delta noise waveshape are
t., andt

rise tail*

DELTA NOISE
AT
b S 5 ¢

rise tail

/
/
/
L
[

critical
I,OR | READ

Fig. 4—Delta noise at strobe time stays within bounds if drive
current is kept below |

critical”
select currents are illustrated in Fig. 3. The important para-
meters to observe are:
e Current rise time (t,,..). Maximum delta noise occurs at
the end of this time interval.
¢ Delta noise tail time (t,,;,). After the current rise time,
the delta noise diminishes approximately toward zero
exponentially. The amplitude of the delta noise during
the strobe interval is the signal which causes decreased
memory performance. The delta noise peak amplitude
has little influence on performance if the memory lines
are properly dampened, and ringing is prohibited.
The amplitude of delta noise during strobe time, or at
tie T Loy after start of current, behaves as shown in Fig.
4. Unless the drive current is above |,,;,.q, the delta noise
during strobe time does not increase significantly as the
current is increased. |_,;,.,, is usually less than the coer-
cive force current for the core. However, the delta noise
peak during the current rise time in Fig. 3 does not dem-
onstrate as sharp a change in slope when drive current is
increased. Therefore, it is misleading to simply look at the
peak delta noise. It is also misleading to look at only the
delta noise at one value of current. If the current used to
test the cores is below |_,.., the noise will appear to be
lower than it is in actual system performance. Occasional-
ly, cores with higher inductance will have a faster delta
noise tail. These cores will have a large peak delta noise,
but have a low delta noise during strobe time. @

Author’s biography

Phil Harding is director of mar-
keting for commercial products
at Electronic Memories, Haw-
thorne, Calif. He previously
worked at Bell Telephone Labs.
Phil received his BSEE from
Cooper Union College and his
MSEE from Columbia Univer-
sity. He has had 15 patents
granted with 5 more pending.
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Sylvania Electronic Components, Seneca Falls, N.Y. 13148

SYLVANIA
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What can you save if you eliminate ribbons
and ink fountains from your printout design?

Other manufacturers are saving 14
to 17% of total manufacturing costs
by using Porelon® microporous
plastic for type inking. Porelon
material contains its own ink supply
—enough for millions of impressions
with computer printer equipment.
So it replaces ink fountains,
ribbons, ribbon reversing systems,
even ink distribution rollers.

One customer using Porelon
material reports an inking capacity
of 10,000,000 lines with a 32-column
printer using a 214 inch O.D. x
3% inch wide Porelon roll.
Just think what that means.
Replacing this intricate and costly
mechanism lets you save right from
the drawing board through
manufacturing. Your customers
save, in main-
tenance of the
completed
system, too, .
because there is
nothing to fill or e
change for the
life of the Porelon
microporous plastic
roller. And the
impressions are always crisp,
clear and legible
because there’s nothing
between the metal type
and the paper to blur
or smudge the image.

Porelon materials do
all this because they're
not just an
ink-impregnated material. Ink is
blended right into the Porelon
material as it's formed, and it's held
in interconnected, microscopic
pores. Ink flows to the surface of
the Porelon microporous plastic by

Name

capillary action as it touches the
type metal. It flows back by the
same type of attraction

when pressure
is relieved.
Nothing is left
on the surface
to dry. And be-
cause the inks
in Porelon
material
dry

only

by absorption,
nothing dries on the type —
even overnight.

There is just one way Porelon ma-
terial gives up its ink: capillary ac-
tion. It doesn’t dry out, even during
long periods of storage. You can’t
squeeze it out, so contact pressure
with the type is light and friction and
wear are minimal. Under normal
conditions, you can’t spin the ink out
of Porelon material by centrifugal
force, either, so there is no misting,
even at high rotational speeds.
Porelon microporous plastic works
efficiently over a broad temperature
range of 50°to 110° F. It can be
used at peripheral speeds of 17,000
inches per minute. (That’s 2,700 rpm
on a 2” roll.) Porelon material is
strong and long-wearing, with a
standard hardness of 12 to 15 Shore
A durometer. Ink formulations are
available in black, blue, red,

violet and green.

Porelon
materials
are already
# at work in
hundreds of
print-out
mechanisms.

[] Please send me my copy of the booklet,
PORELON “solid” inking systems for business machines.
[ I'd like to talk to a Porelon engineer.

Title

In high-speed applications on single
and multiple column printers and key
punch card machines, it has been
used for direct inking and with trans-
fer rolls. Its low-speed applications
include ribbon re-inking, postage
meters, ink transfer from pads of
Porelon material and many others.
All have a single common feature —
reduced cost through design
simplification.

There are many ways to cut design
and manufacturing costs by using
Porelon inking materials in business
machines. Most are listed in a
special booklet available from
Johnson Wax. If you're ready to
save by simplifying your print out
systems, just return the enclosed
coupon and we'll send you your
copy. Remember, we are always
ready to help. Just make a check
mark in the box below and a
Porelon engineer will contact you.

<Johnson wax

Porelon Products Dept. CH-6
S. C. Johnson & Son, Inc.
Racine, Wisconsin 53403

Firm

Address

City.

State

Zip

We are considering PORELON materials for the following application:

“«Johnson’’ and ‘“Porelon’ are registered trademarks. © 1971 S. C. Johnson & Son, Inc., Racine, Wisconsin

Adv. 11-85-84
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CUTS 20%
FROM YOUR

PACKAGE COSTS ||| |

Elco’s Series 6064 discrete card edge connectors
look like . . . and work like . . . other discrete card edge
connectors. With one major exception. Ours can
save you up to 20% of your total package cost.
Because we’ll supply our Series 6064 connectors
mounted on our Variframe™ back panel which we’ll
custom design and build to your requirements.

With connectors wired (up to three levels of wire
wrapping) to your specs. And with input/output
connectors and voltage and/or ground buses. To give
you the best performing package at lowest cost. Fast.

Then again, if you're in a hurry for a look-alike

that is, call your local Elco distributor. He has our
Series 6064 connector in three sizes: 36/72, 40/80
and 50/100 contacts. With bifurcated bellows
contacts on .125" grid. All with .025"” square tails.

And diallyl phthalate insulators that accept .062"
printed circuit cards. And he’s got them all on
his shelf. Plus other card edge connectors at .100”,

.150", .156" and .200” spacings. Ready to go.

Availability. And economy. These are what
distinguish our look-alikes from theirs. Just two
more services in keeping with CONNECTRONICS,
Elco’s Total Connector Capability.

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world.
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For full details and specifications on our Series 6064
connectors, contact:

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

Elco, Pacific Division, 2200 Park Place,
El Segundo, Calif. 90245
(213) 675-3311
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infroducing

the end of the
temperature compensating

oven!

MIDWEC H44 CAPACITORS

give you LC. ratings you can
live with.

Typical

CAPACITANCE CHANGE WITH TEMPERATURE

4A
4% P

2%

0%

-2%

CAPACITANCE CHANGE

-4%

4% H44B

-55°C;; —25%C, 0°C. 25°C. 50°C. 75°C. B5°C.

|

2% I

I
I

0%

=2%

it

|

[

-4% I

1

CAPACITANCE CHANGE

<55°C. =25°C.

64

0°C. 25°C. 50°C. 75°C.

MIDWEC

CORPORATION

85°C.

®

H44A & H44B
FILM CAPACITOR

These new film capacitors achieve an almost zero
temperature coefficient in the smallest possible
physical size as a result of MIDWEC'’s exclusive
design and processing techniques. Uniform
performance of standard units is inherent because
of the design and production procedures. Tighter
TC than is shown in the charts at left can be
attained on special order.

H44 capacitors are available in two standard
TC ranges: H44A, =+-20PPM/C°, and H44B,
S+40PPM/C°. Capacitance range from .010
mfd to 1.0 mfd.

For complete data sheets, write to:

MIDWEC CORPORATION

P.O. BOX 417

SCOTTSBLUFF, NEBRASKA 69361

Phone: 308/632-4127

A Subsidiary of Southwestern Research Corporation
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Heinemann Series AM1

circuit breakers

are priced to compete with
other people’s look-alikes.

Afive-yearwarrantyisexclusive as anyone else has been extended end use.

with Heinemann. making this type of breaker. We've been around long

We can offer it with confidence This is not to say that no one enough to know.

because (1) we invented the else builds good circuit Meinsmann Elactric. Conban

hydraulic-magnetic circuit breakers. But at their stage of : : AR,
. . 2808 Brunswick Pike, Trenton,

breaker and (2) we've been the game, a five-year warranty N.J. 08602

making h-m breakers for over could be a bit risky. It takes a i ;

40 years.

while to find out how well a

That’s about six times as long Produet will stand up under e @ BﬂEﬁMEM&mm

unpredictable conditions of

But if you look real close,

you’ll see we don’t
look alike at all.

}éﬁlr%
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How effective are data
transmission redundance checks?

Vertical and longitudinal redundance check bits are commonly inserted in
messages to control errors. Here is a way to determine their effectiveness.

Kenneth N. Larson, Bunker-Ramo Corp.

The number of data processing applications requiring the
transmission of digital data from remotely located key-
board-display terminals to centralized computer facilities
are rapidly increasing. An inherent problem in all such sys-
tems is the interjection of errors into the data as it is travel-
ing between a terminal and the computer. The source of the
errors is the relatively noisy environment through which the
transmission must propagate. Electrical noise caused by
the transmitting equipment, switch boards, nearby electri-
cal machinery and the earth’s atmosphere are just a few
noise sources which can effect a data transmission. The
greater the distance and data rate of the transmissions, the
greater the chance of data errors.

Transmission errors which are not detected by the re-
ceiving hardware can easily cause accounts-to be errone-
ously altered, reservations canceled, merchandise sent to
the wrong destination and so on. Often, system operating
personnel do not become aware of such errors until prob-
lems arise; that is, until a customer complains about his
erroneously canceled reservation or a shipment of goods
ends up in the wrong part of the country. A few such errors
per month can easily destroy the usefulness of an auto-
mated data processing system. Therefore, the effectiveness
of the system’s error detection hardware should be a pri-
mary concern of the system designer.

One commonly used method for controlling data trans-
mission errors is the insertion of vertical and longitudinal
redundance check bits into a message. This article will pro-
vide a set of equations which will determine the effective-
ness of this error control procedure when used in bit-serial
data transmission applications.

Detection-retransmission error recovery procedure

The number of vertical and longitudinal redundance bits
added to a message by the transmitting terminal is not great
enough to allow the receiving terminal to automatically
correct a message. Instead, the receiving terminal must
send a response message back to the transmitting terminal.
The response message is either an acknowledgement
(ACK), if the received data contains no errors, or a negative
acknowledgement (NAK), if errors are detected in the mes-
sage. If a NAK response is returned, the sending terminal
must retransmit the data.

To improve the efficiency of the detection-retransmission
procedure, the transmitting terminal divides its message
into blocks. It then transmits the message one block at a
time. After a block has been received, the receiving termi-
nal returns a response message. If the response is an ACK,
the transmitting terminal sends the next block. If the re-
sponse is a NAK, only the last block sent must be retrans-
mitted, not the entire message. This procedure continues
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until all the blocks of the message have been successfuly
transmitted.

What makes up a data block?

A data block is the largest collection of bits which must
be considered, since one block must be correctly received
before transmission of the next can begin. Bit positions
within a data block will be more easily described if the
block is configured in a matrix form, consisting of 1" rows,
and )’ columns. The j-th column of the matrix will be arbi-
trarily defined as the j-th word of the block. This will cause
the i-th row of the matrix to consist of the i-th bit of every
word within the block.

A block consists of W words with C characters per word
and B bits per character, where B, C, and W are all positive
integers. Therefore, the matrix variable )’ = W, and I’ =
B x C. The B-th bit of every data character will be a vertical
redundance check bit (VRC). The W-th word of every block
will consist of B x C longitudinal redundance check bits
(LRC), and contain no VRC bits. Each vertical redundance
check bit will be chosen so that the total number of logical
one bits within a character, of which itis part, will either be
odd (odd parity) or even (even parity), depending upon
which convention has been selected for the system. In a
like manner, each longitudinal redundance check bit will
be chosen so that the total number of logical one bits in the
matrix row, of which it is part, will either be odd or even
depending upon the convention selected. The format of a
data block is shown in Fig. 1.

Error detection capability of redundance check bits

Let a bit field be defined as a collection of ‘m’ bits con-
taining one redundance check bit, either vertical or longi-
tudinal, depending upon the orientation of the field, and
m — 1 data bits. Thus, a character represents a vertical bit
field and a matrix row represents a longitudinal bit field. As
the bit field is transmitted through a network, bit errors may
be introduced. The introduction of errors into a bit field can
be expressed mathematically as the modulo—2 sum of the
bit field with an ‘m’ bit error pattern. Each logical one bit
in the error pattern will thus produce an error in the bit
field. Since the all zero pattern does not produce any error
in the bit field, there are 2™ — 1 possible error patterns. For
this analysis it will be assumed that all 2™ — 1 error pat-
terns can occur equally. This assumption is reasonable for
systems in which errors tend to occur in bursts, rather than
as single isolated events. As an example see Fig. 2.

If an error pattern containing an odd number of logical
one bits is added modulo—2 to a bit field, the parity of
the resulting erroneous bit field will be incorrect. That is,
the field will contain an even number of one bits when it
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DATA BLOCK FORMAT
DATA BLOCK CHARACTERISTICS
W = 15 WORDS/BLOCK
C = 2 CHARACTERS/WORD
B =5 BITS/CHARACTER
CnBy = BIT k OF CHARACTER n

MATRIX COLUMN #3
CHARACTER # 5

1
2
BIT POSITIONS
s | 3 OF CHARACTER
Vg = VERTICAL REDUNDANCE CHECK BIT #5
4
Vg 5
L1
L
oDD %
NUMBERED L
CHARACTERS 1 3
Lg
Vq | V3 V7 [Vo V11 V13 |V15|V17|V19(V21|V23 V25 [V27 | Ls
Le
L MATRIX ROW #7
7 _|«~—WORD BIT POSITION #7
EVEN 2 Lg CHARACTER BIT #2
NUMBERED
CHARACTERS
Lg
Vo |Va | Ve Vg M10[V12 V14 [V1e V18 V20 V22 V24 Vo6 [Vag| L1
t LONGITUDINAL
WORD #1 REDUNDANCE
WORD #2 CHECK WORD
WORD #3 WORD # 14
WORD #4 . WORD #13
WORD #5 WORD #12
WORD #6 WORD # 11
WORD #7 WORD #10
WORD #8 WORD #9

VERTICAL REDUNDANCE CHECK BIT FORMATION

Vi =CpBg=(ChB1 @ CnBp ®CB3 ®CrBg)  FOR ODD PARITY
LONGITUDINAL REDUNDANCE CHECK BIT FORMATION

L = CogBk = (C1Bx ©C3B @ CsB ® . . . @ Ca7Bk) FOR EVEN PARITY
WHERE

0®0-00@1=1,1®0=1,1@1=0,(0)=1AND (1)=0

Fig. 1—Data block format illustrates positions of both vertical and longitudinal redundance check words.
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PARITY BIT
(ODD PARITY)

BIT #1
CORRECT BIT FIELD 0100101
ERROR PATTERN (ODD NUMBER OF ERRORS) _—60011001
DETECTABLE ERRONEOUS BIT FIELD 0111100
PARITY BIT IS INCORRECT FOR RESULTING FIELD ———
PARITY BIT |
(ano PAR!TY)
CORRECT BIT FIELD e 0100101
EHRGR PATTERN (EVEN NUMBER OF ERRORS) 51011100
'NONDETECTABLE ERRONEOUS BIT FlELD 1111001

APARITY BIT IS CORRECT FOR RESULTING FlEt.[.'J"—-"———j

Fig. 2—Each logical one bit in an error pattern produces an error in the original bit field.

should contain an odd number, or visa versa. Since the
parity check will fail on a bit field containing an odd num-
ber of bit errors, all such erroneous bit fields can be de-
tected. However, if an error pattern containing an even
number of logical one bits is added modulo—2 to a bit
field, the parity of the resulting erroneous bit field will be
correct. Thus, any bit field containing an even number of
bit errors will not be detected as erroneous by the parity
check circuitry. Therefore, the probability of an erroneous
bit field escaping detection is equal to the number of error
patterns containing an even number of logical one bits,
divided by the total number of error patterns (2™ — 1).

Table 1 shows the probability of not detecting an er-
roneous bit field for different values of ‘m.” The table shows
that, for values of ‘m’ equal to or greater than 4, the proba-
bility of an undetected erroneous bit field is approximately
equal to its upper limit of 0.50. Thus, for bit fields longer
than 3 bits, the probability that an erroneous field will go
undetected is 1/2.

Error patterns which are always detected

The vertical redundancy check (VRC) will detect any odd
number of bit errors within a character. Every block con-
taining an odd number of bit errors must have one or more
characters which contain an odd number of bit errors.
Therefore, the vertical redundance checks in a message
will cause ev=ry block containing an odd number of bit
errors to be detected. The vertical redundance checks will
also detect those erroneous blocks containing an even
number of bit errors, provided that one of the characters
within the block has an odd number of bit errors.

The longitudinal redundance check (LRC) will detect all
erroneous blocks in which the error burst is not greater than
one word in length. That is, the number of bits from the first
bit in error to the last is less than the number of bits in a
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word. The longitudinal redundance checks will also detect
as erroneous any data block which contains an odd number
of bit errors in one or more rows of the block.

Probability of not detecting erroneous blocks

The probability that an erroneous data block will not be
detected can be expressed as follows:

Pl:' e (PEH) (PLH) (PLF) (Pl'l")

where
P.s = the probability that a block contains an error burst
= the number of blocks received with errors
the total number of data blocks transmitted
P,, = the probability that the error burst is longer than

1 word
= the number of bursts greater than (B X C) bits in length
the total number of bursts

P, = the probability that the longitudinal redundance
check failed to detect the error burst
P, = the probability that the vertical redundance check

failed to detect the error burst.

An error burst shall be defined as an error pattern caused
by a single event, such as a noise pulse or fade, occuring
on the network and having a length equal to the number of
bits from the first error bit to the last, inclusive.

The probability of an erroneous character containing an
even number of bit errors, and thus not being detected by
the parity check hardware, is less than or equal to 1/2. The
probability of all erroneous characters within a block hav-
ing an even number of bit errors is (1/2)", where ‘n’ is the
number of erroneous characters in the block. Since the
longitudinal redundance check will detect all error bursts

E DN N E =5, §119' 7 2



m #OF ERROR PATTERNS

# OF ERROR PATTERNS
CONTAINING AN EVEN
NUMBER OF ONE BITS

PROBABILITY OF NOT
DETECTING AN
ERRONEOUS BIT FIELD

@™

~ 7/15=047
issi-oas
(@™1)-1)/2™12050

Table 1—Probability of not detecting an erroneous bit field of different sizes.

with a length less than or equal to a word (B x C bits in
length), the burst which we are concerned about must be
greater than B X C bits long. Also, a burst must start and
end with an error bit, so ‘n’ must be equal to at least two
characters for all bursts of interest. The number of addi-
tional characters which may be in error in a burst of length
greater than B x C bits is equal to the probability of a char-
acter (other than the first and last) being in error, times the
number of characters in the burst other than the first and
last character. The probability that a character will con-
tain one or more bit errors is:

= (] = p,,e)B
where
Pye = the probability of a bit within a burst being in
error
b,
=,
b,, = the number of error bits in an error burst (burst
weight)

b, = the total number of bits in a burst (burst length)
B = the number of bits in a character.
The quantity (1 — p,,)? is the probability that all B bits of
a character are error free. The number of characters which
may be in the error burst, other than the first and last char-

acter, is equal to [(b/B) — 2]

where [x] = ‘x’ if 'x’ is positive, or zero if ‘X" is negative.
Thus, n= [(by/B) — 2] (1 = (1 — py)%) + 2, and the
probability of all erroneous characters containing an even
number of bit errors (all vertical redundance checks failing
to detect an error burst B x C bits in length) is

1\2 + [by/B) = 2] (1 = (1 = ppe)®
Pip = (_>

Il

2
Since the value of b, and by, vary from transmission to
transmission, the values used in the above calculations
should be mean values for all bursts of length greater than
B x C bits.

Using the same procedure on the longitudinal bit field
instead of the vertical bit field, the probability of the longi-
tudinal redundance checks failing to detect an error burst
b, bits in length will be

-y (7_9—1)_12+((Bx(‘)~2)(17(17,;,,?)())
“_( 20 —1 )

BBINCJUINCE 150 09872

where
Q=b/BXxC

In this case the term 1/2 is not used since the burst may
cover less than four bits of any one longitudinal check bit
field. For the same reason, the burst length term appears
in the exponent of 1 — p,,, instead of as a multiplier of
1 — (1 = p,,). All longitudinal check fields will be cov-
ered by bursts B X C bits or greater, so the multiplier of
1 — (1 = p,,) will simply be the number of longitudinal
check fields minus the two fields containing the first and
last error bit, C(B — 2), assuming that the first and last bit
errors are not in the same field.

Using the equations

Determine the probability of an erroneous data block
not being detected for a data transmission, which is bit
serial at 1200 bits per second over a switched telephone
network. The data is transmitted in 1000 bit blocks with
the following parameters:
B = 8 bits per character
C = 1 character per word
W = 125 words per block.
Tables published in an article entitled ‘“High-Speed Voice-
band Data Transmission Performance on the Switched
Telecommunications Network,” written by M. D. Balkovic,
H. W. Klancer, S. W. Klare, and W. G. McGruther and
printed in the April 1971 Bell System Technical Journal
provide values for the following terms:
P.; = 1072 at the specified data rate and block size for
91% of all calls

P, = 0.18 (82% of all bursts were less than B x C = 8
bits in length at the specified data rate)

b, = 34 bits (mean value derived from burst length
distributions chart for the specified data rate)

b, = 8 bits (mean value derived from burst weight dis-

tributions chart for the specified data rate)
From these values the required probability may be cal-
culated as follows:

Py = by/b, = 8/34 = 0.236

1 - p,, = 0.764

(1 = p,,)* = (0.764)% = 0.116

1— (1 - p,)?=0.884

(b,/B) = 34/8 = 4.25

(b,/B) — 2 = 4.25 — 2 = 2.25
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((b,/B) — 2)(1 — (1 = p,)¥) = (2.25) (0.884) = 1.99
24 ((b /By =20 = (1 = p )Py =2 + 1.99 = 3.99
P, = (1/2)3% = 0.063

Q=b,/B x C=34/8 X 1 = 34/8 = 4.25

(1 - p,)? = (0.764)*» = 0.318

1= (1 —p,)%=0.682
BxC)—2=(@8X1)=2=6

(B xC) = 2)(1 =1 =p,)Y = (6) (0,682) = 4.1
2+ (BXxC)r=2)(1-(1-p,)9 =2+41=6.1
2Q 1 = 232 = 9§

2=19

(¥~ =1.= 95— 1 =85
29—-1=19-1=18

(291" = 1)/(229 — 1) = 8.5/18 = 0.472

P, = (0.472)% = 10

P = (Pgp) (Py) (Pp) (Pyy)
(1072) (1.8) (1071 (1072) (6.3) (1073 = (1.14)10°°
P.= (1.14)10-¢

o
Il

™

Therefore it can be expected that one out of every
880,000(1/P,) data blocks received will contain an error
burst which will not be detected by the parity check cir-
cuitry of this particular system. It should be noted that this
is the typical value and not the worst-case value.

How effective must redundance checks be?

Vertical and longitudinal redundance checks cannot de-
tect all erroneous data blocks. The number of undetected
erroneous data blocks which a system must expect to re-
ceive per time interval is:

N=T, XP,
where T, is the number of data blocks transmitted in that
time interval. An acceptable value for N must be deter-
mined for each individual system.

Assuming that the system used in the example trans-
mitted 5 messages a minute, 40 hours a week, at 1200 bits
per second, and each message contained 1250 characters,
determine N for a time period of one year.

Number of blocks per message is
1250 characters

125 characters/block
Number of blocks per minute is

(10 blocks/message) (5 messages/minute) = 50 blocks/

minute
Number of blocks per week is
(50 blocks/min.) (60 min./hr.) (40 hr./wk.) = (1.2) (107
blocks/wk.
Number of blocks per year is
T, = (1.2) (10°) (blocks/wk.) (52 wk./yr.) = (6.3) (10°)
blocks/yr.
The expected number of undetected erroneous blocks re-
ceived per year should then be

N=T,x P, =(6.3) (10° (1.14) (10°%) = 7.2

N = 7.2 undetected erroneous blocks per year.

Thus, this system should expect to receive 7.2 undetected
erroneous blocks per year or about one every month and
a half.

= 10 blocks

The effect of the block parameters on the value of P,

By making some rough approximations of P,,, P, P .
and P, the effect of the block parameters (B, C and W) on
the value of P, can be determined. Theterm 1 — (1 — p,,)*
can be approximated by xp,,, by using the first two terms
of the binomial expansion of (1 — p,)*. Substituting this
result into P, and P, gives the following:

12 + Ppebr — 2Ppeb

P, =
VF 2

P 12 + PpebL — 2Ppebr/B X C

LF 2

(P' )(P' ) ]2 + Ppebr, — Ppe (B + hL/B % 6
VF LF 4

The value of P, can be approximated by
P., = B x C X W x P,, where P, is the probability of
an error burst.

The value of P,, can be approximated by

K g
Py = Bx C’ where K is a constant.

Using these approximations, the value of P, is approxi-
mately equal to

W X K X P,

(4)2 + PpebL — Ppe (B + by /B x C)

P;:‘ = (P;'H)(P;Ji)(P;'l-')(P;J") =

The above approximations indicate that the probability
of a redundance check failing (P, or P,,) is determined to
a large extent by the length of the error burst b,, and the
probability of a bit within the burst being in error (p,,). As
either b, or p,, increases, the probability of a redundance
check failing decreases. Thus, the larger the error burst,
the easier it is to detect it.

The probability of an erroneous block escaping detec-
tion (P,) also increases as both the number of words (W)
and the number of bits per character (B) within a block
increase. However, the above equation indicates that the
probability of an undetected erroneous block being re-
ceived decreases as the number of characters per word (C)
increases. What the equation does not show is that as C in-
creases, the number of longitudinal redundance check
bits within the block must also increase. Thus, the time re-
quired to transmit a given length message increases. In
other words, reducing the probability of an undetected
erroneous block also reduces the throughput of the com-
munication system. [
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THEY’RE MOLEX EDGE CONNECTORS.
“Straight-on’’ or ‘right-angle’’ types for
printed circuit boards. Terminals crimped
to wires automatically. Reliable? And how!
Connector terminals are bifurcated. Provide
a really solid contact. Yet you can slip the
connector on and off time after time without
any damage to the printed circuits. And it’s
not a preload unit. Carries only contacts re-
quired. From six to twenty-four. Comes in
white or six other colors. Terminals available
in tin-plated brass with gold plating or selec-

INFORMATION RETRIEVAL NUMBER 246
CIRCLE NO. 31

M161A

tive gold plating. ® A good example of how
Molex helps create high-speed low-cost de-
vices that simplify circuitry. If you want to
save assembly time, steps and money, take
a close look at these Molex edge connectors.
For free samples write: Molex Incorporated,
Downers Grove, lllinois 60515. Or you can
make connections by

calling (312) 969-4550.

... creating components that molex

simplify circuitry
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COMPUTER PRODUCTS

DISK DRIVE FOR USE IN DATA TERMI-
NALS. The DD 480 will be used in applica-
tions where cassette units have previously
been specified. Some advantages of the
flexible disk drive are: fast random access-
ing, check reading within 667 msec (one
disk revolution), fast, easy loading, compact
size, high reliability, and low cost. Packing
density averages 1295 bpi. Disk speed of 90
rpm provides a data transfer rate of 33.3k
bps. $500. Potter Instrument Co., Inc., 532
Broad Hollow Rd., Melville, NY 11746.
Phone (516) 694-9000. 171

PRINTER/PLOTTER OFFERS TWO FUNC-
TIONS FOR THE PRICE OF ONE. A new
electrostatic printer/plotter will operate as
an on-line peripheral to all widely used
mini-computers. Statos 31 features: plotting
rate of a 14 x 11-in. plot of any complex-
ity in 5 sec, line printing at 1000 lines/
min., simultaneous plotting and printing of
A/N annotations, 132-column, 96-character
ASCIl A/N (new 7 X 11 dot matrix allows
upper and lower case). $7950 includes driv-
er and diagnostic software. Varian Data
Machines, 2722 Michelson Dr., Irvine, CA
92664. Phone (714) 833-2400. 172

...a versatile line of bright G,A;P LED’s for direct panel and

indicator applications.

LAMPS, INC. GAAsP LED’s in red and clear transparent and diffused
lens colorations, with optional panel mounting hardware, feature im-
proved brightness (1,000's of Ft.-L's), wide angle visibility and low
power requirements. Header, axial-lead and T-1% midget flange base
packages meet a wide range of single lamp and array applications.
Get complete information on these LED products from LAMPS, INC.,

subsidiary of Oak Electro/Netics Corp., 19220 So. Normandie Ave.
Torrance, Calif. 90502 - Tel: (213) 323-7578 » &

TWX: 910-346-7038.

CIRCLE NO. 36

ALGEBRA OPTION FOR CALCULATOR
PROGRAMMING. Algebraic programming
is now available on the 600 Series pro-
grammable calculators. Wang 600 calcula-
tors can now solve problems directly with
algebra, using symbols such as parentheses,
up-arrows for exponentials, and alphabetic
variables. The Formula Programming Pack
can also handle subscripts and "“do”’ loops
for complex matrix manipulations. Cost of
the Formula Programming Pack is $400.
Wang Laboratories, Inc., 836 N. St., Tewks-
bury, MA 01876. Phone (617) 851—73171‘

173

HIGH-SPEED DISKS STORE UP TO 1.3
BILLION BYTES. The only major difference
between the two models is the quantity of
information stored. The smaller unit stores
from 90 million to 675 million bytes, while
the larger unit can store up to 1365 million
bytes. Access time averages 30 msec and
transfer rates are up to 512 bps. Dual access
is optionally available. The smaller model
with 180 million bytes, leases for
$2780/mo. and sells for $111,200. The larg-
er model with 728 million bytes leases for
$4125/mo. and sells for $165,000. Xerox
Corp., 280 Park Ave., New York, NY 10017
Phone (212) 972-1600 174

READ/WRITE INCREMENTAL DIGITAL
CASSETTE SYSTEM. Model 113 is a com-
pletely modular, total electronic package
which accepts and plays back parallel 8-bit
ASCII characters. Tape is moved to record
or play back individual characters upon
command without large tape gaps. Record-
ing density is 120 bpi on two tracks for a
total capacity of 432k bits/300’ tape. $700.
Memodyne Corp., 369 Elliot St., Newton
Upper Falls, MA 02164. Phone (617) 527-
6600. 175
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DUAL MICROPROCESSOR SEPARATES
PROCESSING TASKS. Micro 1600D fea-
tures twin CPUs. Each CPU can be micro-
programmed and accommodates up to 4k
words of control memory. Each has a sepa-
rate input/output facility as well as a sepa-
rate control memory. The common magnet-
ic-core main memory can be used exclu-
sively to have data buffering and passing of
control parameters rather than program
storage and is expandable to 65k words.
Microdata Corp., 644 E. Young St., Santa
Ana, CA 92705. Phone (714) 540-6730.

MOS MEMORY CUTS HONEYWELL 516
AND 316 MEMORY EXPANSION COSTS.
A plug-compatible MOS expansion memo-
ry is available in 4k to 28k configurations.
An 8k memory is priced at $4810, a savings
of about $10,000. Either 4k or 8k of memo-
ry plus a modular power supply is housed in
the 3 1/2-inch high rack mount cabinet.
Where more than 8k of expansion is re-
quired, a 12 1/4-inch rack cabinet makes
memory configurations up to 28k possible.
Signal Galaxies, Inc., 6955 Hayvenhurst,
Van Nuys, CA 91406. Phone (213) 988-
1570 177

DMA OPTION SPEEDS NAKED MINI AND
ALPHA MINI THROUGHPUT. The DMA
option optimizes throughput for real-time
applications, by providing very-high-speed
direct I/O communication with core memo-
ry. Priced at $500, the DMA option pro-
vides a cycle-stealing, direct-memorv chan-
nel, with data transfer rates of up to 713,-
000/16-bit words/sec. Computer Automa-
tion Inc., 895 W. Sixteenth St., Newport
Beach, CA 92660. Phone (714) 642-9630.

178

IMPACTLESS-PRINTER TERMINAL HAS

KSR OPTION. Operating at any speed up to
120 cps, the Repco 120 printer operates as a
digital data-terminal printer in the receive-
only mode, or as an interactive printer and
transmitter in the KSR mode with the key-
board option. It provides on-line, hard-copy
printout of serial or parallel data of 64 char-
acter upper case ASCII code. The solid-state
keyboard generates 102 parallel ASCII
codes. Printer—$1500, keyboard—$350.
Repco Inc., 1940 Lockwood Way, Orlando,
FL 32804. Phone (305) 843-8484. 179
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COMPUTER-ORIENTED RELIABILITY
i

LAMB

SHUNT
WOUND ©
MOTORS

provide
3-MODE OPERATION with Control Simplicity & Stability

These motors offer high speed, full power and linear op-
eration modes in one easily controlled package. Superior

et

Low cost
power supplies

LA A
SRR
AR
e

for relays,
lights .

FULL POWER

SPEED—RPM

300 200
TORQUE—OZ. IN.

...and high voltage displays.
These unregulated power modules

plug into a standard octal socket and carry
a five-year warranty. Shipment: Three days.

magnetic circuit design, careful flux mapping and thorough Nominal | Current Model Price Case
computer investigation of perfermance characteristics re- Voltage | Amp.DC Size
sults in excellent stability. Applications include tape drives, > 15 Usiz $35 G
paper tape handlers and variable speed drives. Design 1 . U12 65 Q
assures cool, reliable motor performance despite heavy 1 i’g US24 35 G
cycling over prolonged periods. Wide range of models to gi 5'0 U24 65 Q
suit your torque requirements. 28 1'0 US28 35 G
FOR COMPLETE DESIGN DATA, contact: AMETEK /Lamb Electric, 28 5.0 u28 65 Q
Kent, Ohio 44240. Telephone (216) 673-3451 180 0.1 us180 55 G

“G" case size—3.40 x 3.28 x 5.0 inches
“Q" case size—4.15x3.33x 7.0 inches

Aeapian

AMETEK / Lamb Electric

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

CIRCLE NO. 38
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COMPONENTS/MATERIALS

NUMERIC DISPLAY PANEL is an 8-numer-
al display with decimal points and a left-
hand symbol position. The panel is a cold-
cathode gas-discharge display. The charac-
ters are 7-segment and the symbols are
minus, overflow and dot. Character height
is 0.255 in. Anode supply voltage is 190V
dc and peak cathode current is 0.55 mA.
National Electronics, Inc., Geneva, IL
60134. Phone (312) 232-4300. 185

PUSH-BUTTON ROTARY SWITCHES of-
fered in 6 colors. Designated as Series
2800B, these switches are available in
green, red, yellow, blue, white or grey.
These push-button rotary switches are bi-

directional. They are available in either 8,
10, or 12 positions in all standard codes.
Optional features include RFI shielding,
lighted digit positions, and a bezel mount.
Janco Corp., 3111 Winona Ave., Burbank,
CA 91504. Phone (213) 845-7473. 186

COMPACT LED DISPLAY

LED DISPLAY PANELS are less than 1/2
inch thick. A unique multilaminate con-
struction technique now makes available
low-cost custom fabricated light-emitting-
diode display panels up to 30 in. X 40 in.
in size. Provisions for switch holes and
other panel accessories can be easily pro-
vided. Visible graphics may be surface or
sub-surface printed. Display Devices, Inc.,
P.O. Box 667, Encinitas, CA 92024. Phone
(714) 753-0113. 187

Now your sapphire substrates cost you less.
A lot less.

Go ahead with your plans for SOS and
hybrid IC work and forget the budget.
Meet all your thin film and epitaxial re-
quirements and win your purchasing
department’'s approval. Get the circuit
isolation only sapphire substrates pro-
vide and make a better product.

A lot of new things are possible now that
your sapphire substrates cost you down
to 50% less than you thought they would.

That's right — polished, single crystal,
pure sapphire substrates in any size you
need for about half the cost of yester-
day’s price. Plus all popular orientations
like 1702 for SOS and C axis for hybrid
IC’s. Plus the finest sapphire substrate
quality you can get. Anywhere.

How do we do it? Very intelligently. Call
Frank Reed, Marketing Manager, and
find how we can do it for you. For less.

NCD saphikon division 16 Hickory Drive » Waltham, Mass. 02154 » (617) 890-2400

CIRCLE NO. 39
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LED LAMPS are directly interchangeable
with incandescent. Developed as a direct
replacement for the T-1-3/4 incandescent,
the Series 549 Bi-Pin lamp is available in
voltages from 1.7 to 14V. The LED is made
from GaAsP and capped with a red diffused
lens. It has a built-in current limiting resis-
tor. In 1000 lot quantities each unit sells for
$0.84. Dialight Corp., 60 Stewart Ave.,
Brooklyn, NY 11237. Phone (212) 497-
7600. 188
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A VERSATILE “ZIP STRIP” (zero insertion
pressure) socket which makes it possible to
““customize’’ socket installations for the test-
ing of dual in-line devices with 0.100 in.
spaced leads regardless of spacing between
rows (0.300 in. min.) may be ganged togeth-
er for easy mass testing of devices. “Zip
Strips’’ are available in strips of 32 leads on
0.100 spacing. Textool Products, Inc., 1410
W. Pioneer Dr., Irving, TX 75061. Phone
(214) 631-5585. 189

CERMET TRIMMERS provide good stability
at low cost. The units typically change less
than 0.5% during the first 1000 hours of
operation and progressively less per thou-
sand hours thereafter. Temperature coeffi-
cient in all 19 standard resistance values,
ranging from 100 to 2MQ, is a max. of
+100 ppm/°C over the ambient temperature
range of 0° to 85°C. Beckman Instruments,
Inc., 2500 Harbor Blvd., Fullerton, CA
92634. Phone (714) 871-4848. 190
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FREE SAMPLES—EDGE GUIDES position
printed-circuit boards. Series CBG guides,
made of natural color nylon, are available
in one, two and three inch effective height.
The guides are double channeled to accom-
modate boards up to 0.075 in. thick. An
arrow-type locking head retains the guide in
position. The locking head is self-adjusting
to fit panel thicknesses from 0.03 in. to 0.09
in. Richco Plastic Co., 5825 N. Tripp Ave.,
Chicago, Il 60646. Phone (312) 539—4108(%.

This 2.3x1.8x1-inch module has tracking
outputs of +15 V @ 25 ma with regulation of
+0.1% and ripple of 1 mv. It costs $14.00 in
1,000 lots and only $24.00 for one. Requisition
Model D15-03. (For =12 V @ 25 ma, order
Model D12-03.) Three-day shipment guaranteed.

PLUG-IN IC CARDS for wrap-type wiring.
EECO 3-D cards are 5.82 in. high, 5.25 in.
wide and can hold up to 70 ICs per card. All
cards are flame resistant glass epoxy with
snaplock position and extraction tabs, 22
test points on top edge of the card, and 120
gold plated etched-type connector-contact
fingers. Electronic Engineering Co. of Cali-
forria, Electronic Products Div., 1441 E.
Chestnut Ave., Santa Ana, CA 92701.
192

Phone (714) 547-5651.

FREE SAMPLES— WIRE-SADDLE FASTENER
installs permanently with ease. WWS-2N
wire-saddle fastener features a ‘‘Barbed
Arrow’” insertion tip. Simple finger-tip pres-
sure compresses the tip into a 0.187 in.
diameter hole, and once inserted, the tip

expands to lock permanently in position
and cannot loosen or fall out. Richlok
Corp., 5835 N. Tripp Ave., Chicago, IL
60646. Phone (312) 539-4061. 193

GENERAL-PURPOSE PULSE TRANSFORM-
ERS, in side egress DIPs and PC mounting
Multi-Pacs are available for use in balun
and floating switch computer applications.
On custom orders, manufacturer will insert
additional circuit components, such as
diodes, resistors and capacitors in the basic
transformer module. In production quanti-
ties, prices range from 30c to $1.50 each.
Muir Industries, Inc., 24 Thing Rd., Tecate,
CA 92080. Phone (903) 354-1320. 194

ZIPPERTUBING HIGH/LOW
TEMPERATURE JACKETING

A PVC zip-on jacketing that meets most

demands of installation for long life
protection and flexibility.

TYPE 63 — a high temperature overlap
construction meeting Mil-Specs and

recognized under the Component
Re-examination Program of Under-
writers Laboratories, Inc. TYPE 74 —
where low temperature environments
require flexibility of wire installations. Meets Mil-Specs.
TYPE ALAS — Teflon Zippertubing for extreme
temperature ranges.

For full information on specialized, high-performance
jacketing, contact

"ZIPPERTUBING.,

13000 So. Broadway, Los Angeles, Ca 90061, (213) 770-1200
494 S. Riverview Drive, Totowa, N.J. 07512, (201) 256-4980
BALTIMORE-BOSTON-CHICAGO
CLEVELAND-DALLAS-NEW YORK-ORLANDO
PHOENIX-WEST GERMANY-PARIS

A @;@1/}//2

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

CIRCLE NO. 53 CIRCLE NO. 40

75



CIRCUITS

OCTAVE COUPLERS COVER 0.5 TO 12.4
GHz. A series of five octave-band direction-
al couplers are available with both 10 and
20-dB nominal coupling. Three have ex-
tended-octave ranges: 0.95 to 2.2 GHz
(Model 1541), 1.7 to 4.2 GHz (Model
1542), and 3.7 to 8.3 GHz (Model 1543).
The other bands are 0.5 to 1 GHz (Model
1540) and 7 to 12.4 GHz (Model 1544). All
five models have a deviation of *+0.2 dB
from average coupling. Prices are $200 for
all models except for Model 1544 with 10-
dB coupling, which is $250. Weinschel
Engineering Co., Inc., Clopper Rd., Gaith-
ersburg, MD. Phone (301) 948-3434. 201

DOUBLE BALANCED MIXERS UP TO 11
GHz. Series FC-304 mixer features cover-
age from 1.9 to 10.7 GHz. With slightly
reduced specifications, Model FC-304SX
covers an rf and LO frequency range from
1.2to 11 GHz. The i-f frequency range is dc
to 2 GHz. The unit features a conversion
loss of 6 dB, isolation of 26 dB and size of
3/8 X 9/16 x 11/16 in., exclusive of SMA
connectors. Lorch Electronics Corp., 105
Cedar Lane, Englewood, N | 07631. Phone
(201) 569-8282. 202

THE TRIM-STEP 225 MOTOR-MOUNTED
ENCODER can be readily assembled to a
motor by unskilled personnel. The encod-
er’s design provides instant replaceability of
its active portions, and eliminates the effect
of axial play of the motor shaft. The unit
provides square-wave output signals in
quadrature and complementary outputs. It
is priced at $100 for single and $125 for
dual-channel models. Trump-Ross Indus-
trial Controls, Inc., 265 Boston Rd., N. Bil-
lerica, MA 01862. Phone (617) 663-3451.

203

iy

(i@ dhon

o ==

MAKE IT WITH
.

[

m ol

WHEN METAL GUALITY IS VITAL

Thinsheet is a name that you can trust when quality and uni-
formity of thin gauge strip are critical to the reliability factors

of your components, printed circuits and conductors. Our thin
gauge strip is the finest available. We supply copper, brass,
bronze, phosphor bronze, nickel silver and aluminum in gauges
from .014” to .0006” with tolerances of = .0001” and width

1/16” to 26”. We also supply tin coated metals and edge tinning
processed exclusively on equipment of our own design. In
many areas fast deliveries are made with our own fleet of trailer
trucks. Write for our full color brochure or phone (203) 756-7414.
(In Newark, N.J. area phone direct 642-1624.) The Thinsheet

Metals Company, Waterbury, Conn. 06720.
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ZA910M1 OP AMP SLEWS 2000V/uSEC
MINIMUM (guaranteed minimum at 100-
mA output). It also features a 70-MHz gain-
bandwidth product, 30-MHz full-frequency
output and 300-nsec settling time to 0.01%
of full-scale value. Unit Price is $99 (1 to
24). Zeltex, Inc., 1000 Chalomar Rd., Con-
cord, CA 94520. Phone (415) 686-6660.

204

2-POLE POWER-PULSE LATCH SWITCHES
100A AT 120V ac. Series HR-1000 dpst
(NO or NC) hermetically sealed solid-state
latch can also operate from 230 and 440V
ac. Latch-operating voltages are 24 or 48V
dc (other voltages available) and switch
operation may be continuous (100% duty
cycle) or intermittant at up to 6 operations
per minute. The Adams & Westlake Co.,
1025 N. Michigan St., Elkhart, IN 46514.
Phone (219) 264-1141. 205

REED RELAYS Series URD are suitable for
use with transistorized and integrated cir-
cuitry. They are available in several pack-
age styles and in 1 Form A and 2 Form A
contact arrangements. Breakdown voltage
is 100V dc between contacts and 750V dc
between terminals. Prices for small quanti-
ties start at $2.50. OKI Electronics of Ameri-
ca, 500 S. E. 24th St., Fort Lauderdale, FL
33316. Phone (305) 525-8201. 206
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ABSOLUTE ENCODER-DISPLAY PACK-
AGE requires only a 115V, 50 or 400 Hz
power source to operate. The Decitrak en-
coder is capable of measurements up to four
decades (0 to 9999) with an accuracy of one
count. The output drives the associated dis-
play and also provides a BCD output at
DTL/TTL-compatible levels. The display has
seven-segment readouts, an escutcheon and
a filter lens. Theta Instrument Corp., Fair-
field, N ] 07006. Phone (201) 277-1700.
207

SCR TRIGGER TRANSFORMERS IN 3
BASIC SIZES: open or encased for low-cost
applications, or encapsulated for special-
humidity or military applications are avail-
able. Standard units operate from 0 to

+60°C and —10 to +70°C. Turns ratios of
T, 1eds1, 201, 20121, 521 and. 5:50%)

along with primary inductances from 250
uH to 20 mH are available. Leakage in-
ductance ranges from 5 to 200 uH and in-
terwinding capacitance from 20 to 50 pF.
BH Electronics, 245 E. 6th St., Saint Paul,
MN 55101. Phone (612) 228-6463.

208

SOLID-STATE TRACKING S/D CONVERT-
ERS Series 4300 consist of a basic 12-bit s/d
converter with an accuracy of 5.2 minutes
worst case from all sources. The Series can
accept all synchro/resolver input types and
continuously present the true angle in digit-
al format. Digital outputs and control sig-
nals are TTL/DTL compatible. Price is $550.
Gap Instrument Corp., 110 Marcus Blvd.,
Hauppauge, NY 11787. Phone (516) 273-
0909. 209

FOUR-QUADRANT 13-BIT CONVERTER
Model 849 comes in a metal 20-pin pack-
age and operates over —55 to +125°C
meeting applicable portions of MIL-STD-
883. It accepts a serial binary input and has
two reference-voltage inputs. External refer-
ences, command signals, a two-phase clock
and power are required externally. Refer-
ences upto =10V dc or 20V ac pk-pk to 2.5
kHz are possible. Cost is $185. Helipot
Div., Beckman Instruments, Inc., 2500 Har-
bor Blvd., Fullerton, CA 92634. Phone (714)
871-4848. 210

4-POLE HALF-SIZE CRYSTAL-CAN RELAY
features high sensitivity. The Model BR52
requires only 500 mW of pull-in power to
switch 2A at 28V dc or 115V ac 400 Hz (dry
circuit). It withstands shock of 50 g's at 11
msec over a minimum life of 100,000 cy-
cles and is available in coil voltages of 6, 12
and 26V dc (nominal). Operate/release time
is 4 msec and temperature range is —65 to
+125°C. Babcock Electronics Corp., Sub. of
Esterline Corp., 3501 N. Harbor Blvd., Cos-
ta Mesa, CA 92626. Phone (714) 540-1234.

211

Use it FREE
for 5 days!

Leak

eakproof
Liquid Cooled
Plates

Design, test, layout and build
circuits with any combination
of components and modules . .. FREE!

This advanced concept circuit design test system
features built-in independent circuit monitor lights,
built-in isolated pushbuttons, toggle arrays,
universal acceptance with ELI's SK-10, common |
hook-up wire interconnection and unlimited fan
in/fan out capability. Try it absolutely FREE

for 5 days. If not satisfied, return it and you won't be
billed. Trying is believing! How can you go wrong?
Don’t use the BINGO card . . . order now!

0O EL INSTRUMENTS, INCORPORATED
61 First Street, Derby, Conn. 06418
Telephone: 203/735-8774
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Wakefield Type 180 aluminum cold plates can be used to
cool most types of power transistors, rectifiers and high
power resistors.Thermal resistance, device case to inlet water,
is .3 C/W per device with devices mounted on 1” centers
and water flow of 1.5 GPM. These Liquid Cooled Plates may
be considered an integral portion of the high current bus
work and may be run at higher current densities than open
uncooled busing. The use of drawn copper tubing assures
a leakproof system which will stand high pressures. 6” and
12” lengths are stocked by Distributors; other lengths up
to 6’ are available on factory order with or without hole
patterns drilled to your specifications. Send for Bulletin 180.

A\ WAKEFIELD

ENGINEERING INC., Wakefield, Mass. 01880 ® 617-245-5900
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NEW ECL/MSI DEVICES include 200-MHz
shift register. Three of the new devices, the
95H00 4-bit shift register, the 95H55 5-bit
comparator and the 9580 triple 2-input
multiplexer, are the only such functions cur-
rently available in ECL logic. The other new
device is the 95H28, a high-speed version
of the 9528 dual-D flip-flop. Their 100 pc.
prices are: 95H00—$12.50, 9580 —$5.20,
95H55—$5.20, 95H28 —$5.55, Fairchild
Semiconductor Components, 464 Ellis St.,
Mountain View, CA 94040. Phone (415)
962-3816. 217

ECL FAMILY has on-chip voltage as well
as temperature compensation. With 95100
ECL devices, the design requirement to
regulate supply voltages within =2% can
be relaxed to 20% if operating on a nominal
5.2V supply. As a result, the devices are
more tolerant of supply voltage variations
than standard TTL at 5.0V. The 95100 fami-
ly is based on Fairchild’s 9500 Series tem-
perature-compensated devices. The first
devices available are three SSI gates. Pricing
of the 95102, 95103 and 95104 dual, triple
and quad OR/NOR gates, is $1.80 for
100-999 quantities. Fairchild Semicon-
ductor, 464 Ellis St., Mountain View,
CA 94040. Phone (415) 962-3816. 215

HIGH-VOLTAGE POWER SWITCHING
TRANSISTORS, designated JAN and JANTX
2N5660 through 2N5667, feature typical
ratings of 2 to 5A. 2N5660-2N5663 have
Vg to 400V. The 5A series (2N5664-
2N5667) have V to 400V; t = 250

CER on
nsec, max.; and t = 1500 nsec, max.

off
The transistors are available in TO-5 and
TO-66 packages. Prices start at $10 ea. for
100-unit quantities. Unitrode Corp., 580
Pleasant St., Watertown, MA 02172. Phone

(617) 926-0404. 216
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NOW! 0VER 100 _

Component Mounting

INSULATORS

TO MEET ALL YOUR NEEDS

Currently available and designed

specifically for:

® CAPACITORS

® DIODES

® RESISTORS

® DIPS

® RELAYS
® TRANSISTORS

=

or call:

For new 43-page free catalog write

O

ROBISON ELECTRONICS, INC.

2134 West Rosecrans Avenue

Gardena, California 90249
Phone (213) 321-0080, 327-5661
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64 X 4 BIT MOS STATIC/DYNAMIC RAMS,
UA2264, UA3264, UA2364, UA3864,
UA2664, and UA3664, feature regenerative
inputs, field-inversion protection, and ze-
ner-input protection. The combination of
wired OR and multiple chip select lines
provides for maximum expansion versatil-
ity. Typical access time is < than 1 usec.
For further information contact Solitron
Devices, Inc., 8808 Balboa Ave., San Diego,
CA 92123. Phone (714) 278-8780. 218

OP AMP, Model UC4741C, is now offered
in an 8-lead “‘mini-dip”” package. This af-
fords greater package density, since the
“mini-dip’’ occupies 1/2 of the space pre-
viously required by the 16-pin DIP, while
maintaining the performance standards es-
tablished with the hermetically sealed
UC4741C T@-99. Solitron Devices, Inc.,
8808 Balboa Ave., San Diego, CA 92123.
Phone (714) 278-8780. 219

L-BAND POWER TRANSISTOR delivers a
minimum of 20W of rf power at 1500 MHz
and 28V with MTBF exceeding 100,000
hours. Reliability is achieved by a proprie-
tary, Auromet®, gold metalization process
which eliminates metal migration inherent
in aluminum metalized transistors. Power
Hybrids, Inc., 1742 Crenshaw Blvd., Torr-
ance, CA 90501. Phone (213) 320-6160.

220

CMOS DEVICE provides data routing con-
trol. The MC14519 AL/CL 4-bit and/OR se-
lect element provides low power data rout-
ing control. Using two control bits, one of
two 4-bit information channels can be se-
lected for output distribution. Such an oper-
ation is similar to 4-pole, double throw
switching. This device can also provide a
quad Exclusive-NOR gate function. Price is
$2.10 in 100 quantities. Motorola Inc.,
Semiconductor Products Div. P.O. Box
20924, Phoenix, AZ 85036. Phone (602)
273-6900. 221
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LOW COST AUDIO AMPLIFIER simplifies
consumer designs. Designated the LM380,
the new amplifier operates from a single
supply from 8 to 22V. In toys and low cost
phonographs, it operates with only an out-
put coupling capacitor. Full power band-
width is typically 65 kHz at 2W-8(), total
harmonic distortion is typically 0.2%. Price
in quantities of 100 up is $1.50. National
Semiconductor Corp., 2900 Semiconductor
Dr., Santa Clara, CA 95051. Phone (408)
732-5000. 222

HIGH-CURRENT TRIACS in press-fit, stud,
and isolated-stud packages announced.
Nine new 80-A triacs, types 40916, 40917,
and 40918 utilize the press-fit package and

have voltage ratings of 200, 400 and 600V,
respectively. Types 40919, 40920 and
40921 utilize the stud package and 40922,
40923 and 40924 utilize the isolated-stud
package. Prices range from $14 to $30 in
100 pc. orders. RCA Solid State Div., Rt.
202, Somerville, N ] 08876. Phone (201)
722-3200. 223

SINGLE-CHIP ANALOG MULTIPLIER with
0.5% accuracy requires no external compo-
nents. The 8013 provides full-scale accura-
cy of 0.5%, slew rate of 40V/usec, output
offset of 35 mV and 1 mV/°C output offset
drift. It's available in commercial (0° to
+70°C) or military (—=55° to 125°C) tempera-
ture ranges, and is packaged in a 10-pin
low-profile TO-100 case. Prices range from
$15 to $38 in orders of 100-999 pcs. Inter-
sil, 10900 N. Tantau Ave., Cupertino, CA
95014. 224

1024-BIT P/ROM uses diode programing.
The IM5603+is a fully decoded TTL read-
only memory organized as 256 words by 4
bits. It has on-chip address decoding, two
chip-enable inputs and uncommitted

collector outputs. Access time is 60 nsec

and it is packaged in a 16-pin DIP in com-
mercial (0° to +75°C) temperature range.
Price in 100-unit quantities for the IM5603
is $45.00 each. Intersil, 10900 N. Tantau
Ave., Cupertino CA 95014. Phone (408)
257-5450. 225

10-18KV SILICON RECTIFIER features rat-
ings up to 10 mA and 16 kHz with con-
trolled avalanche. Designated Type E10-10,
the device can be operated up to 125°C
max. junction temperature at low leakage
current. Typical applications for the Type
E10-10 Series include power supplies, TV,
oscilloscopes, air cleaners, electrostatic
copying and x-ray equipment. Henley Elec-
tronics, Inc., 202 E. 44 St., New York, NY
10017. Phone (212) 986-5544. 226

VOLTAGE-VARIABLE CAPACITANCE DI-
ODES, designated Series JAN IN5139A-
5148A, feature Qs (at —4.0V) as high as
350, 60Vdc ratings, and low leakage. They
are available in DO-7 packages. The unit
price is $4.45 in 1-99 quantities, and $3.00
in 100-499 quantities. JAN-TX versions are
available for $8.40 and $5.60. Delivery is
from stock. Teledyne Crystalonics, 147
Sherman St., Cambridge, MA 02140. Phone
(617)491-1670. 227

controls
for
every

need

51 sketches showing
photo controls for
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« inspection o limit
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« packaging s registration
« smoke detection « sort-
ing e tension .« traffic
control « weighing « wind-
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AUTOTRON, INC.

EYES of

AUTomarion

NEW Catalog 71

specular reflective, fiber optic
and solid state; ON/OFF and
Timing Controls;
selection of photo sensors and
light sources.
trols. Counting Eyes. Bin level, |
smoke, current surge and im-
pact controls. All illustrated,
described and priced.

See the AUTOTRON MAN in your
area or send for Catalog 71 NOW

3627 N. Vermilion, Danville, 11l. 61832
Ph 217-446-0650
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NPO

CHIP CAPACITORS

MDI offers 1000 pF

In a standard chip .100” x .050” x .050”

Search no more! They're here! These NPO ceramic
multilayer chip capacitors offer the highest capaci-
tance volumetric ratio, coupled with the lowest dis-
sipation factor (less than 0.01% typ.) and highest
insulation resistance (greater than one teraohm @
25°C, and 50,000 megohms @ 125°C). Because they
also meet applicable portions of MIL-C-11015 and
MIL-C-39014 you can depend on these NPO chip
capacitors where reliability and performance really
count. Also available in kits . . . for further information
call direct and ask for Jim Waldal.

Monolithic

Dielectrics
P.O. Box 647 « Burbank. Calif. 91503 * (213) 848-4465
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EQUIPMENT

the FE23 to be read in the dark. A full range
of voltages up to 6 kV, resistance and cur-
rent, high-voltage readings up to 30 kV and
accuracy of 1.5% with a 15-MQ dc input
are additional features of this $80 instru-
ment. Sencore, Inc., 3200 Sencore Dr.,
Sioux Falls, SD Phone (605) 339-0100. 231

PORTABLE 10-MHZ SCOPE HAS DE-
LAYED SWEEP. The dual-channel Model
2100 has sensitivity of 10 mV/div., sweep
speed to 50 nsec/div., an 8-X-10-div. dis-
play and weighs only 14 I|b. Pushbutton
front-panel controls, full auto triggering and
AND-gate logic for external triggering as
many as four simultaneous inputs are in-
cluded. Cost is $995. Dumont Oscilloscope
Laboratories, Inc., 40 Fairfield Pl., W. Cald-
well, N J 07006. Phone (201) 228-3665.

FREE SAMPLES OF TINY HE-NE LASERS.
Dubbed the “low-fat” lasers, Models 3121
and 3122 cost only $79.95 (1000 quanti-
ties) and carry an 18-month, no-hour-limit
OEM warranty. Available in 1 and 2-mV
versions with optional polarization, they

230 ( measure 9-in. long and feature a proprietary
non-hydroscopic mirror sealant for environ-
mental protection. The free sample offer is
available to any OEM with a valid require-

PORTABLE FET MULTIMETER, Model | ment for laser tubes. Hughes Aircraft Co.,

FE23, dubbed the Little Henry, comes with
a D’Arsonval meter that is fully protected to
1000 times overload. A lighted meter allows

Blvd, Torrance, CA 90509. Phone (213)

543-2121. 232

Clectron Dynamics Div., 3100 W. Lomita

MULTICHANNEL ANALYZER ND2400
\ provides automatic spectrum display and
analysis of multi-element samples. Three
modes of data acquisition are provided with
a memory cycle time of only 2 usec. A 100-
kHz display rate allows flicker-free viewing
of sample spectrum. Selection of linear or
logarithmic display and sample-spectrum
up to a factor of 20 for close inspection are
other features. Nuclear Data, Inc., 1330 E.
Colf Rd., Palatine, IL 60067. Phone (312)
529-4600. 233

PEN-SIZE PULSE GENERATOR AND A
LOGIC PROBE form a $190 stimulus-re-
sponse test set that's only the size of two

pens. The pulser, Model 10526T, automati-
/cally drives any node to the opposite state

Will you be blamed
when $47,394 of electrical
equipment goes up in smoke?

Hundreds of companies are losing
this much and more due to over-
voltage surges caused by lightning,
accidental shorting, fuse arcing,
phasing errors between inverters, and
switching. With a plug-in ACP-100
you can prevent burn-outs, erratic
malfunctions, and inaccurate data
resulting in lost production time
and equipment.

dance to the voltage transient only
— does not attenuate the sine wave.
It is bi-directional — protects line-to-
line and line-to-ground. Designed
for 110/120 VAC, 20 amp service
lines. Fits standard 50/60 Hz single
phase AC outlets.

Try it. Send check or purchase order
today—Or write for literature, if
you can chance waiting a few more

The ACP-100 is a high-speed, solid- ~ weeks.

state switching device which sup- AC LINE

presses voltage spikes to acceptable

operating levels. It is not a RFI| or gVFERVOLTAGE

EMI filter. It acts as a low impe- u :E SUPPRESSOR
39.50

3-phase AC units also available for
up to 150 amp service, 110/208
VAC, 60 or 400 Hz.

TRANSTECTOR SYSTEMS
532 Monterey Pass Road
Monterey Park, Calif. 91754
Phone: (213) 283-9278

a division of KONIC INTERNATIONAL CORPORATION

JUST PLUG IT IN!
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for 400 nsec. With its low source imped-
ance of 2Q) and 0.75A current-delivering
ability, it can reverse the state of any node.
The probe, Model 10525T, will detect bad
levels and open circuits and capture HIGH
or LOW pulses as short as 10 nsec while
maintaining an input impedance above 25

k€. Hewlett-Packard Co., 1501 Page Mill
Rd., Palo Alto, CA 94304. Phone (415) 493-
1501. 234

A FREE COMMUNICATIONS SYSTEM
CALCULATOR provides a simplified slide
rule on fundamental relationships between
transmitter power, antenna gain and fre-
quency and receiver parameters. Independ-
ent variables incorporated are transmitting
frequency, receiver bandwidth, input-noise
figure, input signal-to-noise ratio and input,
transmitter power output, path loss, total
antenna gain, total path distance and hori-
zontal ray altitude. American Electronic
Laboratories, Inc., Box 552, Lansdale, PA

19446. Phone (215) 822-2929. 235
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A NEW CONCEPT IN DIGITAL MONITOR
AND DISPLAY called VIMAC —Vidar 690
monitor-alarm controller — makes it possible
for up to seven users to share one data-ac-
quisition system. Operating in conjunction
with a digital data-acquisition system such
as the Vidar 5400, VIMAC will present up to
ten digits of information from any one, or
combination of six data devices. Vidar
Corp., 77 Ortega Ave., Mountain View, CA
94040. Phone (415) 961-1000. 236

HIGH-ACCURACY DIGITAL DATA-AC-
QUISITION and alarm system for dc volt-
ages from 1 uV to 200V includes thermo-
couple reference accuracy of =0.1°F, dig
ital conversion to temperature with confor-
mity of £0.1°F to NBS standards, expand-

ability from 10 to 900 channels and automa-
tic internal programming for up to three ther-
mocouple types and five voltage ranges on
a 4-1/2-digit DVM. A 30-channel system
costs $4500. Kay Instruments, Inc., 737

Concord Ave., Cambridge, MA 02138.
Phone (617) 868-7080. 237
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GENERAL-PURPOSE AMPLIFIER features a
selection of 6 plug-ins that provide low-
noise matching to virtually any signal
source. Model 114 signal-conditioning
amplifier offers switch-selectable gains of
up to 2,500,000, switch-selectable 6-
dB/octave low and high-frequency roll-offs
and overload protection, Price of the 114 is
$595. Preamplifiers range from $250 to
$525. Princeton Applied Research Corp.,
Box 2565, Princeton, N | 08540. Phone
(609) 452-2111. 238

NUMERICALLY CONTROLLED PC-
BOARD ASSEMBLY CENTER is said to in-
crease production 3 to 5 times. The 75N3
for 15-X-15-in. PC boards is programmed to
correctly deliver up to 75 different compo-
nent trays to the operator’s delivery station.
Simultaneously, a lighted arrow from an
overhead projector indicates component
insertion location and polarity. The assem-
bly center costs approximately $10,500 or
rents for $300 per month. Ragen Precision
Industries, Inc., Systems Div., 9 Porete Ave.,
N. Arlington, N J 07032. Phone (201) 997-
1000. 239

MEASURE

RPM’s
INSTANTLY

ELECTRONICALLY
with Pioneer Photo Tachometer

USE FOR:
=

GRINDING
WHEELS

DRILL PRESSES

-

- Bone up on our
sbsoluie & incremeantsl

For speeds ENGINES AND
{5 0000 MOTORS
RPM

The photo tachometer is easy to use. Hold ¢

/couNrmc

in the hand like a flashlight, just point,
press button, read RPM instantly—no wires
or mechanical connections required.

D Send complete information.
Available under Contract No. GS-00S-04519

tHe Pioneer

ELECTRIC & RESEARCH CORPORATION

Subsidiary of ﬂﬂmm Controls, Inc.
743 Circle Ave. . Forest Park, Ill. 60130

VACUUM AND
PRESSURE PUMPS

LABORATORIES

@ ; |

Phone: 312 771-8242
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Send for our technical
bulletin on features
and capabilities.

W

Electronic Products Division
THE WARNER & SWASEY COMPANY
30300 Solon Industrial Parkway, Solon, Ohio 44139
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Now...Power Linear Integrated Circuits from
your digital supply

Datel Systems offers a new series of
modular DC-DC converters designed for
point of load applications.

Major advantages of using the Datel DC-DC
converters over conventional line operated
DC power supplies include: safe voltage
power distribution; noise immunity through
power supply isolation; optimized circuit
performance; minimum size; floating outputs;
higher efficiency and low heat rise.

Designed for small size (1.5” x 2” x 0.4” to
27 x 2" x 0.4”), they are fully encapsulated
and feature dual-in-line pinning compatibility,
.100” grid pin spacing which permits direct
plug-in to printed circuit boards or any
standard dual-in-line connector strip.

Features
[] Choice of Inputs .. 5VDC, 12 VDC, 28VDC
] Choice of

Outputs ..==12 VDC, =15 VDC, +=18VDC
[J Low Profile Package ........ 0.4” High
[ Low Output Noise ...... Imv RMS Max.

[J Output Current .. =25 ma and #100 ma

BLOCK DIAGRAM +
POSITIVE
REGULATOR
X3 7
NPUT INPUT FILTER INVERTER E“E O CoM o
t_4 QUTPUT
o— S
3 =
NEGATIVE
REGULATOR
& REFERENCE
BIAS

1020 TURNPIKE STREET, CANTON, MASS. 02021 / TEL. (617) 828-6395
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VARIABLE ELECTRONIC FILTERS Series
4210 cover 0.01 Hz to T MHz in 5 models
(each model covers six decades). The units
use four-pole Butterworth filters in the nor-
mal mode and four-pole Bessel filters in the
pulse mode. They feature frequency accura-
cy of =1%, phase shift of £2° and ampli-
tude response of =0.2 dB. Ithaco Inc., 735
W. Clinton St., Ithaca, NY 14850. Phone
(607) 272-7640. 240

11-IN.-CRT STORAGE DISPLAY is de-
signed to offer low-cost alphanumeric or
graphic computer display. The direct-view
storage tube used eliminates costly memory
devices required for refreshing the informa-
tion display and provides high information
density with good resolution without flicker
or drift. The Model 613 is hard-copy com-
patible with the Tektronix 4610 hard-copy
unit. Catalog price of the 613 is $2200. Tek-
tronix, Inc., Box 500, Beaverton, OR 97005.
Phone (503) 644-0161. 286
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and up

nd for new free 50-page catalog
Br A/D D/A converters.

N DATEL

~4 SYSTEMS, INC.

A NEW DIAGNOSTIC TEST SYSTEM is in-
tended for production, inspection and test
of PC cards and modules. The system will
readily identify most card assembly faults
such as missing, wrongly placed, reversed
or defective resistors and semiconductors,
and checks continuity and isolation of card
tracks and reactive devices. An additional
feature is a test connection fixture for min-
imized card-handling times. Marconi Instru-
ments, 111 Cedar Lane, Englewood, N |
07631. Phone (201) 567-0607. 242

ELECTRIC COUNTER HAS PUSHBUTTON
RESET SWITCH OUTPUT. The 4-figure,
panel-mounted counter’s output may be
used to actuate external circuitry. The
switch output is a spst FORM C switch and
is maintained as long as the counter reset
button is depressed. The switch is rated at
4A, 150V ac. The counter operates at up to

1000 counts/minute and is available in
most popular ac and dc voltages at less than
$10 in OEM quantities. Durant Digital In-
struments, 901 S. 12th St., Watertown, WI
53094. Phone (414) 261-4070. 243

VTR-1100 1/2-IN. COLOR VIDEOTAPE
RECORDER features automatic color lock
and automatic gain control. Compatible
with the proposed EIA] Type Il and existing
Type | tape, its automatic color lock holds
even when shifting into the still-frame
mode. Resolution is 300 lines (black and
white) and 240 lines (color) and signal-to-
noise ratio is 40 dB (black and white) and
36 dB (color). User net cost is $1295. Con-
cord Communications, Systems Div., Benja-
min Electronic Sound Co., 40 Smith St.,
Farmingdale, NY 11735. Phone (516) 694-
7960. 244

ED:NsLLNIERT S5 1119.7 2

TWX 710-348-0135



Solve that tough
statistical problem
fast...without

a computer!

Get yourself a ;
copy of this book.

Just one word precisely describes this

book ... NECESSARY. Here are quick,

accurate short-cuts for solving statisti- f H. Hol
cal problems without a computer, and by Ha™
without complicated mathematical
computations. Precise
and complete, a real
“desk-top” tool for the
practical engineer, re-

gcher

TABLE OF CONTENTS

7. PLANNING OF EXPERIMENTS 10. COMPARISON OF PRECISIONS
Randomized Order with Replicates OF TWO SETS OF MEASUREMENTS

* Replication e without Replication The F Test
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Touched

by
human

hands

That’s the
secret ingredient

that makes IEE subminiature lamps live
longer, the ingredient you can’t buy in any
other lamp.

Before aging, before selection, such hu-
man controlled operations as hand mount-
ing of Swiss tungsten filaments assures
precision placement. Thus, we destine our
subminiature lamps to serve you more faith-
fully than any lamp you can buy at twice
the price.

Now you can buy these IEE MIL-spec-
beating lamps with average life spans up
to 100,000 hours and more off-the-shelf
world-wide.

That’s why IEE is catching up fast on
everybody in subminiature lamps.

DISTRIBUTOR INQUIRIES WELCOMED

QY

- e = &S

Industrial Electronic Engineers, Inc.
7720 Lemona Ave., Van Nuys, Calif. 91405
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LITERATURE

LOW-COST D/A CONVERTERS are de-
scribed in a new four-page brochure. Elec-
trical and mechanical specifications, per-
formance data and application data listed
are given for five series of converters. The
low cost and moderate performance make
the devices attractive for such applica-
tions as very low-cost single-channel a/d
converters, CRT displays, servo drivers, data
transmission via modems, programmed/
feedback control systems and digital fre-
quency synthesizers. Datel Systems, Inc.,
1020 Turnpike St., Canton, MA 02021.
251

e
T

'l

OEM CHART RECORDERS for biomedical
and industrial applications are shown in a
data sheet. Described are a new line of sin-
gle and two-channel module type recorders
which feature pressurized ink writing, recti-
linear trace presentations, a wide range of
sensitivities and chart speed options. Gould,
Inc., Instrument Systems Div., 3631 Perkins
Ave., Cleveland, OH 44114. 252

ANGLE-TO-DIGITAL CONVERTERS are
described in this eight-page brochure. The
series described adapts to either a synchro-
resolver-to-digital converter or to a pro-
grammable bridge by the use of plug-ins.
Singer Instrumentation, Los Angeles Opera-
tion, 3211 S. La Cienega Blvd., Los Angeles,
CA90016. 253

DATA COMMUNICATIONS. The applica-
tions and benefits of Intertran, a modular
low-cost data set for four-wire twisted pair
data communications facilities, are dis-
cussed in detail in a new brochure. It exam-
ines the capabilities and specs of several
models of the Intertran 910 Series data sets
used for interfacing any low, medium or
high “speed terminal devices. Computer
Transmission Corp., 1508 Cotner Ave., Los
Angeles, CA 90025. 256

MINIATURE POWER MODULES designed
for mounting on PC boards and other limit-
ed-space applications are described in a
four-page brochure. Single- and multiple-
output regulated supplies with outputs from
1 to 50V at up to 500 mA are included in
the listings. Acopian Corp., Easton, PA
18042. 255

CRT TERMINALS. Ten CRT terminal models
offering parallel, serial, serial polling and
TTY replacement interfaces are described in
a new, 8-page, full color brochure. Prices,
specifications, options, features and details
of modular design are included. Request
brochure number 844. TEC, Inc., 9800 N.
Oracle Rd., Tucson, AZ 85704. 254

E BN TELLNGE a5 12907 2



SALES OFFICE

E. Patrick Wiesner
Publisher

221 Columbus Ave.
Boston, Mass. 02116
(617) 536-7780

Hugh R. Roome

National Sales Director

205 E. 42nd St.

New York City, New York 10017
(212) 689-3250

NEW YORK CITY 10017

Gerry Hoberman, District Manager
Richard Millar, District Manager
205 E. 42nd St.

(212) 689-3250

BOSTON 02110

Richard Parker, District Manager
Hal Short, District Manager

89 Franklin St.

(617) 482-6786.

PHILADELPHIA 19103
Steve Farkas, District Manager
Penn Towers

1819 John F. Kennedy Blvd.
(215) 569-2424

SOUTHEAST

Newman Ladabouche,
Southeast Regional Manager
6065 Roswell Rd.,

Northside Towers — Suite 815
Atlanta, Georgia

(404) 252-7753

CHICAGO

Terry McDermott, District Manager
Frank Sibley, District Manager

15 Spinning Wheel Rd.

Hinsdale, Illinois 60521
(312)654-2390

DENVER 80206

John Huff, Regional Manager
270 St. Paul St.

(303) 388-4511

SAN FRANCISCO 94103
William J. Healey, District Manager
1111 Hearst Building

(415) 362-8547

LOS ANGELES 90036

Ed Schrader, Regional Manager
Harry Fisher, District Manager
5670 Wilshire Blvd.

(213) 933-9525

TRIPLETT’S MODEL 603 FET VOM is illus-
trated in a four-page brochure. The VOM is
battery operated and has a circuit that per-
mits it to be left on indefinitely without im-
pairing its performance. Triplett Corp.,
Bluffton, OH 45817. 257

NEW 20-CHANNEL EVENT RECORDER,
Model TR-820 from Gulton Techni-Rite is
described in a bulletin. The recorder has
eight chart speeds and an internal chart re-
wind. Gulton Techni-Rite Electronics, Rte 2,
E. Greenwich, R 02818. 258

INK-JET OSCILLOGRAPHS are described in
a new eight-page bulletin. The four basic
models detailed offer a frequency response
from dc to 1000 Hz, from 2 to 16 measuring
channels and Z-fold recording paper. Sie-
mens Corp., 186 Wood Avenue South, Ise-
lin, N | 08830. 259

SCR MOTOR SPEED CONTROLS are de-
scribed in a new brochure. The controls of-
fer speeds from 0.1 to 4140 rpm and torques
from 11 in.-oz to 1730 in.-Ib. B & B Motor
and Control Corp., 96 Spring St., New York,
NY 10012. 260

$75.09

It's ugly.

€ver seen.

SV/12A
COMPUTER
OEM SUPPLY

No frills, no gimmicks, no specmanship. Right.

But our open-frame computer-grade supplies
have the prettiest price/performance ratio you've

You get all the power we promise you over the
full temperature range with no danger of over-
heating (and no derating. even with a 50 Hz

input).You get regulation, ripple and noise specified the way you expect
them to be. You get full circuit protection with foldback current-
limiting and an electrostatically-shielded transformer standard, OVP

optional. And deliveries are off-the-
shelf for most configurations.

We've got the same story with all
our other supplies, open or enclosed,
single- or multiple-output.

Check it out today. Call
(714) 833-2950.

OLV-60

aulpui: - = T/IZT\TZ;\ /4374/\
(16 models avail.)
i;np rang?:i 3 7E§‘T(: a5
ITinc & load reg: (ﬁ%i e
Rippl:é nni; T% L e

Distributed nationally by Cramer and Newark.

ELEXON POWER SYSTEMS

18651 Von Karman, Irvine, Calif. 92664
An Elpac division.-'E
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TheTime Machine...

New Heath/Schlumberger

Programmable Timer... $395*

Precise, low cost time measurements. The new SM-102A is a compact, light-
weight time-measuring instrument capable of 100 nanosecond resolution
(direct count). Both Start and Stop inputs are internally switch-selected
to allow for a zero-crossing or TTL-level signal. Although time-interval
measurement is its primary function, the SM-102A will also measure
period, period average, events, scaled events and frequency ratio.
Excellent sensitivity. The SM-102A will trigger with as little as 100 mV rms
input. And the input is protected to =50V at DC and 25V rms at 20 MHz.
Differential input. The true differential input of the SM-102A allows
measurement of time interval between signals that do not have a com-
mon ground, as well as signals referenced to ground. Front panel binding
posts and binding post-to-BNC adapters provide connection flexibility.
Programmable. Standard BCD output and programmability make auto-
matic measurements easy. External control of range and reset is
provided, as well as 5 digits of BCD output, over-range flag, and com-
pletion flag . .. a computer can easily program and control the SM-102A.
Connect a TTL-compatible digital printer to the back of the SM-102A
and recording is automatic.

If you have measurement problems in the anywhen, we have an accu-
rate, low cost solution: the SM-102A. .. the Time Machine.

Assembled SM-102A, 8 Ibs. ................ccvviuunnnn. $395.00*

SM-102A SPECIFICATIONS — START/STOP INPUT — Input Impedance: 1 megohm
shunted by less than 50 pF. Maximum Input Voltage: =50 V DC referenced to
ground for either, or both sides of Input. Sensitivity: Zero crossing mode: 100
mV RMS. TTL/relay mode: TTL compatible. Minimum Pulse Width: Zero crossing
mode: 100 ns at 300 mV pk-pk. TTL/relay mode: 50 ns at TTL levels. GENERAL
— Range: Time A-B: 0.1 us to 104 sec. Period Average: 5 x 10-2 sec to 9999.9
sec. Events: 1 to 99999. Resolution: Time A-B: 100 ms to 100 ns. Period Aver-
age: 100 ns/number of periods averaged. Accuracy: =1 count, = time base
accuracy, ==trigger error (start/stop). External Oscillator Input Range: DC to
12.5 MHz. Time Base: Frequency: 10 MHz. Aging Rate: less than 5 ppm/year.
Line Voltage Stability: less than =1 part in 107 for 10% line variation. Tem-
perature Stability: =5 ppm 10°C to 40°C ambient. Referenced at 25°C. Read-
out: Five 7-segment LED’s plus 3 incandescent lamps and 2 decimal points
for range indication and overrange. BCD Output: Rear panel connector for 5
digits of BCD, Overrange flag, Completion flag, 5-volt reference (1 KQ imped-
ance), Ground, and Range programming inputs (binary). Maximum cable length,
18”. Power Requirements: 105-125 volts, 50/60 Hz, 23 watts. (210-250 volts
by changing internal switch and fuse). Fuse: 125 volt operation: 14 ampere,
125 volt slow blow. 250 volt operation: & ampere, 250 volt slow blow. Dimen-
sions: 9)¢” deep, 634” wide, 214" high. Net Weight: 414 |bs.

The Heath/Schlumberger frequency machines

If frequency measurement is your prob-
lem, we have a solution to that as well.
Our SM-105A provides 10 Hz to over 80
MHz range, 5-digit LED readout, 100 mV
rms input sensitivity and time base sta-
bility of =10 ppm. .. for only $350*.
Our SM-104A frequency counter provides
the same range ‘as the SM-105A, but has
a research-grade TCXO time base guaran-
teed stable to 1 part in 106 per year and
5-digits of TTL-compatible BCD output...
for just $500*.

For high frequency measurement, choose
our new SM-114A Scaler for only $365*.
It extends the range of any 6 MHz, 50
ohm counter to 600 MHz. Prescale fac-
tors of 1, 10 & 100 are pushbutton-
selected, with the =1 range providing
17 dB of amplification. Input sensitivity

=== ——————— = = e
Heath/Schlumberger Scientific Instruments Seiumperget

1

1

Dept. 511-233 1
Benton Harbor, Michigan 49022 1
[J] Please send additional information on the SM-102A Timer. !
[] Please send additional information on the SM-105A, SM-104A :
and SM-114A. H

[ Please send latest Scientific Instruments catalog. H
1

1

1

1

1

1

1

s

T

v

Name
Title
Company/Institution
City State Zip
*Mail order prices; FOB Benton Harbor, Michigan
Prices and specifications subject to change without notice.
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DESIGN DATA

Application

4A HYBRID VOLTAGE REGULATORS de-
scribed in new application note. High-cur-
rent voltage regulators that supply 5, 12, or
15V, with both crowbar-trigger load-pro-
tection and foldback self-protection, are
described in this 12-page application note,
“Application Considerations for Hybrid Se-
ries Voltage Regulators,” AN-6026, which
discusses the design, construction, and use
of HC4000 power hybrid circuits. RCA Sol-
id State Div., Box 3200, Somerville, N |
08876. 266

SOLID STATE CHOPPER application data is
available for model NS8000A transformer-
isolated microchopper or analog switch.
This synchronous amplitude modulator may
also be used as a synchronous amplitude de-
modulator to convert an ac signal to dc. It
is capable of linearly switching or chopping
voltages over a wide dynamic range which
extends down to a fraction of a mV and up
to =10V. Solid State Electronics Corp.,
15321 Rayen St., Sepulveda, CA 91343,
Phone (213) 894-2271. 269

SELECTING A CORONA-DETECTION
SYSTEM is simplified with the aid of a new
brochure that is designed to assist potential
users of corona equipment in choosing a
proper system. The components of such a
system are discussed along with application
factors to consider. James G. Biddle Co.,
Township Line and Jolly Roads, Plymouth
Meeting, PA 19462 272

Notes

INFORMATION MANUAL ON COM-
MUNICATIONS SYSTEMS. A new 30-page
Communications, Systems General Infor-
mation Manual is prepared expressly for
those faced with the task of implementing a
modern data communications system. The
new manual begins with an introduction to
data communications terms and techniques
and then thoroughly discusses methods of
integrating computer hardware and soft-
ware into a total communications system.
Request publications #PP-1200-001. EMR
Computer, 8001 Bloomington Freeway,
Minneapolis, MN 55420. 267

HYBRID MICROCIRCUITS DESIGN MAN-
UAL. An informative 24-page manual pre-
sents useful information for using or de-
signing circuits in hybrid form. It covers
thick-film component characteristics, parti-
tioning and design rules, processing, pack-
aging and comparison with monolithic cir-
cuits. Numerous schematics and photo-
graphs illustrate typical circuits and process
information. Airpax Electronics, Control
Div., 6801 W. Sunrise Blvd., Fort Lauder-
dale, FL 33313. 270

MEASUREMENT OF PHASE JITTER is dis-
cussed in a four-page application note enti-
tled ““The Effect of Channel Noise and Other
Additive Signals on the Measurement of
Phase Jitter.” The note presents a factual
discussion of the various causes of channel
noise and “‘T"" carrier quantizing noise and
their relationship to the measurement
objectives. Hekimian Laboratories, Inc.,
322 N. Stonestreet Ave., Rockville, MD

SEALS AND SEALING TECHNIQUES for
sealing hydraulic systems and equipment
associated with handling of fluids, including
those at cryogenic temperaturs, are the sub-
ject of a new booklet issued jointly by
NASA and the Small Business Administra-
tion. Titled Seals and Sealing Techniques,
NASA SP-5905 (03) contains 34 abstracts.
Office of Technology Utilization, Code KT,
NASA Headquarters, Washington, DC
20546. 268

““PHASE AND AMPLITUDE RESPONSE of a
variable electronic filter’” is the title of a
new 16-page application note. A simple,
general method for determination of phase
and amplitude response of high-pass, low-
pass, and bandpass filters is provided for
four-pole Butterworth and Bessel filters.
Tables and normalized plots of phase and
amplitude response of high-pass, low-pass,
and commonly used bandpass settings are
provided. Ithaco, Inc., 735 W. Clinton St.,
Ithaca, NY 14850. 271

TRANSPARENT CONDUCTIVE GLASS for
electronic applications is described in a
new booklet available from PPG Industries.
The 12-page brochure includes product
descriptions, performance characteristics
and applications for NESA and Nesatron
electrically conductive glasses. The custom
products booklet, ““NESA and Nesatron
Glass,”” is available from PPG Industries, 10
North, 1 Gateway Center, Pittsburgh, PA

20850. 273 . 15222, 274
Reference copies of the following articles are available without charge:
R.S. NO. TITLE PAGE NO.
161 CMOS finally gets it all together .. ....... ... . . e 28
162 Design Butterworth or Chebyshev active filters with gain! . ... ... ... . ... ... .. ... ..... 40
163 Quad flip=flopiwins! logiCdesiBn CONTEST . vt ot ot v ione v b oo e hls i e S e o8 B o a e 48
164  Are your worst case tests for core memory delta noise valid? . ............................ 59
165 How effective are data transmission redundance checks? ... ... ... ... ... ... .. .. .. .. .. .... 66
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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-134 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
. by silicone rubber pressure pad
b » Pressure pad to seal out moisture
front-to-back. You can be sure that both
@ the “‘who’’ and “‘what’’ of it are always
"there in the Sloan Front Relampables.

.y

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

CIRCLE NO. 57
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New DaleTrigger-Type Pulse Transformers

Available fast for SCR control circuits. New Dale Trigger-Type Pulse Transformers
match your performance and budget requirements for industrial and commercial
applications. Two styles with PC pins (PT20) or bobbin type leads (PT10) for use
where trigger source isolation is employed in half or full wave SCR power control
circuits. Available with turns ratio of: 1:1, 1:1:1, 2:1, 2:1:1 and 5:1. Primary
inductance from 200 ph to 5000 wh. inter- -

winding capacitance as low as 400 pf.
Leakage inductance as low as 3 uh.
The price —very competitive in most
any quantity. Phone today for a
quote: 605-665-9301 or write:

DALE ELECTRONICS, INC.
East Highway 50, Yankton, S.D. 57078
A subsidiary of The Lionel Corporation

Check our expanded inductor capabilities...
Standard or special, Dale is moving up as a preferred source for inductive components.

Readily available among our broadened standard lines are:

/A
Conformal Flame Retardant
Coated Chokes Molded Chokes DIPPulse Transformers PC Mount Toroids

Type IR-2, IR-4. Durable Type IM-2, IM-4. Type PT-14, PT-16. Machine insert- Series TE. Meet MIL-T- 2
Meet MIL-C-15305D, able, 14, 16 pin styles. Inductance:  27C. Type TF55x20zz.  Bobbins, RF Transformers,

epoxy coating give equiv-

Pl

Custom Chokes, Toroids,

alent performance, lower Grade 1, Class A, B. 1 uh to 2 mh. Tolerance +20%. Leak- Epoxy encapsulated. High ~ Variable Pitch Inductors

price than molded styles. Tolerances: 5%, age inductance: As low as 0.2% of Q and wide selection of Q Complete facilities to design
Machine insertable. *10%, *=20%. In- inductance. Interwinding capaci- vs. frequency ranges. In- and produce everything from
Tolerance =10%. Induc-  ductance: .10 uh tance: As low as 3 pf. ET product: ductance: .050 mh to 20 h. prototype quantities to high

tance: .10 uh to 1000 wh. to 1000 uh. Up to 10 volts/usec. Tolerances: 1%, *=2%, *=5%. volume production runs. o

For a fast quote or immediate design help, phone 605-665-9301 or write
Dale Electronics, Inc., East Highway 50, Yankton, S.D. 57078. Circle 80 for Inductor Catalog.



