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These flash tubes produce bursts of sunlight from
small amounts of power. We can put them to work for you.

Our xenon flash tubes produce
high intensity light covering wave-
lengths from the ultraviolet to the
near infrared. And they can be
pulsed thousands of times as fast
as incandescent lamps.

These characteristics plus a very
high efficiency make them ideal for
laser stimulation, aircraft anti-

collision lights, beacons, timing
devices, high-speed inspection
systems and photographic lights.
We turn out these tubes by the
millions in sizes and shapes to
meet many different requirements.
Some are low-cost units produced
in high volume. Others, sophisti-
cated, one-of-a-kind designs.
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There’s an answer to your
problem in our files or experience.
Tell Larry Boone about your needs.

Siemens Corporation, 186 Wood
Avenue South, Iselin, N.J., 08830.
(201) 494 —1000.

Siemens. A three g
billion dollar name
inquality products. SIEMENS




MULTI-TURN SETABILITY...
..AT SINGLE-TURN PRICES!

MODEL

S299

NEW

In addition to low-cost, Bourns Model 3299 incorporates
a number of features usually found only in higher-priced
units.

PRECISE SETABILITY
... multi-turn adjustment provides quick, precise set-
ability with infinite resolution.

POPULAR 3" SQUARE PACKAGE
... it occupies less space on the circuit board.

HIGH POWER RATING:
12 watt at 70°C.

CHOICE OF 3 PIN STYLES
... provides designers with the most popular pin styles
for greater design flexibility.

MOLDED-IN TERMINALS

... enhance ruggedness of construction. Of course the
unit is sealed to withstand printed circuit board clean-
ing processes.

*500-999 quantity price; U.S. dollars, F.O.B., U.S.A.

THAT MAKES IT THE LOWEST-PRICED SQUARE MULTI-TURN ON THE MARKET.

| \ | 3299w 3299X i \ \

SPECIFICATIONS

DIMENSIONS & s s iew v s w5 w5 5 w1400 4 375" x .395" x .250"
Standard Resistance Range . ... 100 to 1,000,000 ohms
Resistance Tolerance .............. +10% Standard
Power Rating .................... 0.5 Watts at 70°C
Operating Temperature Range ........ —55 to +125°C
Temperature Coefficient .............. +150 ppm/°C

Delivery is off-the-shelf. Get full details on this new
Cermet unit today by contacting your local Bourns Field
Office, Representative, or the Factory direct.

BOURNS

BOURNS, INC., TRIMPOT PRODUCTS DIVISION 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
CIRCLE NO. 2



. . . In Space-Limited Applications
Hammer Driver Darlingtons are
now available in compact, TO-66
packaging! The new, 2 and 4 A types
offer 3,000 typical gain for space-
critical switching applications such
as hammer drivers. This design pro-
vides one-stage interface between
MHTL logic drive and printout in
minimum space.
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... In IC-Driven Applications

High-Performance Series Pass
Regulator-Better than 0.039, per-
formance is realized with this 2 A
Darlington/MC1723 hookup. The
capacitor between pins 4 and 13 pro-
vides frequency compensation for

= N

the MC1723. The new 2N6294-95
series Darlingtons, with typical gain
specs of 3,000 at 2 A I, greatly boost
load current since the regulator will
only source up to 150 mA. Go from
milliamperes to amperes directly,
compatibly, easily.
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. . . In High-Power Applications
High-Performance Switching Regu-
lator-The new 2N6282/6284 Darling-
tons can be used in this regulator to
furnish 2,400 typical gain at 10 A.
Switching regulators are especially
useful in reducing power dissipation
in a circuit requiring a large input
voltage and producing a small out-
put voltage. Darlingtons simplify!

L
I

Gain Command With

% O +Vce

2N6055
SERIES

2N6053
SERIES

. . . In Complementary Applications

15 to 60 W Power Amplifier-Typical
gain of 3,000 at 4 A with the new
2N6053-55 NPN/PNP Darlington
complements ensures significant
simplification and cost savings in
complementary power amps. The

g 0 -Vce

circuit features zero center voltage
for maximum signal swing, 1009, dc
feedback, automatic offset voltage
correction and noise and hum filter-
ing. Amplify your gain specs with
Darlingtons.

MJ4200/1200
SERIES

O VouT A
+VIN O

O Vout B

. . . In Dual Applications

Split Voltage Power Supply- Sim-
pler, lower-cost, split power supplies
using just one 4-lead discrete power
package containing two drivers, two
output devices and emitter-base
resistors are easy with the new 2 and
4 A MJ4200/1200 Darlingtons. Pro-
viding 3,000 typical gain, the units
are common-collector-connected to
give 2 separate output voltages.

EDN/EEE FEBRUARY 15, 1972
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. . . In General-Purpose,

“‘2N3055" Applications
Short-Circuit Protected Power Sup-
ply-For this economical functional
circuit supply, load regulation is
0.08%, when used as a 5 V regulator.
The 4 and 6 A 2N6057/6059 series
Darlingtons provide 4,000 typical
gain figures and include the new
2N6055 Darlington — a direct,
plug-in replacement for the indus-
try-standard, general-purpose 2N-
3055 and its driver!

New Darlingtons .

Price Range
100-999
VCEO[sus) PD -——-——-———4
NPN PNP Package ax. | W PNP
2N6294.95 | 2N6296-97 10-66 60-80 50 750 @2 A | $1.30-31.65 | $1.80-$2.25
Mi4200-01 | MI4210-11 4l ead 60-80 50| 750 @2 A 350 430 390 480
Dual Dual 10-3
MJ1200-01 | MJ920-21 4-lead 60-80 90 | 750 @ 4 A 490 580 | 5.90- 6.80
Dual Dual 103
2N6055-56 | 2N6053-54 103 60-80 [100|750 @ 4 A 172-207 | 243 2388
2N6300-01 | 2N6298-99 10-66 60-80 51750@ 4 A 167-202 | 238 283
2N6057-9 | 2N6050-52 10-3 60-100 150’ 750 @6 A 254 354 1 3725 436
2N6282-84 | 2N6285-87 10-3 60-100 | 160 750 @ 10A | 430 520 | 455 565
Darlingtons Introduced . . .
. Pair Price
Complementary hee @ (60 V)
Series Package lc Min. 100-999
MJE700/800 Plastic 750 @ 1.5, 2A $2.62
THERMOPAD |
MJ4000/4001 T0-3 1,000@1.5 3.20
MJ900/1000 T0-3 1,000@3A 3.85
MJE1090/1100 Plastic 750@3,4A 3.45
THERMOPAD
MJ2500/3000 T0-3 1,000@5A 5.40
MJ4030/4033 T0-3 1,000@ 10 A ] 8.50

More Power Darlingtons

Special Offer!

Get a$1.72 2N6055 NPN Darlington
for $1.05 . . . the same 100-up price
as a 2N3055! Get 750 minimum gain
at 4 A . .. plus all the space, time
and money-saving advantages inher-
ent in Darlington design for your
prototype relay and solenoid drivers,
audio/servo amplifiers, power sup-
ply and series pass regulators. Fill
in and send the coupon to your
Motorola distributor. .. he’ll respond
with your 2N6055 Darlington in a
hurry!

“Trademark of Motoroia Inc.

EpiBase* Makes It Possible . . .

Only EpiBase technology possesses
inherent capability to yield comple-
mentary Darlingtons — all possess-
ing higher gain with better linearity,
more chip sizes, higher frequency,
lower saturation voltages and lower

cost than other processes.

Select from 33 complementary,
metal and plastic, Motorola Darling-
ton pairs now. And write us at Box
20912, Phoenix, AZ 85036 for
complete Darlington data.

E_ ____________________________________
| To: (distributor) .

| want to gain Darlington command in my power circuits — send

me a 2N6055 for the price of a 2N3055 today . . . only $1.05!

Name Title /

_ Company

Address . . .

City State Zip
Lo . eoseinse

MOTOROLA POWER

— Complements Of A Friend
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Get our problem-solving package: 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/

_Ladder Networks
Standard Rew
Model No. | “R’” Values | Compensation Best Standard Accuracy Pricing 1-9
811 (Binary)| 5K, 10K, 20K| 50 Bits 1-4 | =122 ppm —55°C to +125°C | 811-B12 $40.00
812 (Binary)| 50K, 100K 5009 All Bits | £122 ppm —55°C to +125°C | 812-B12  40.00
. T +30 ppm @ +25°C and X
814 (Binary)| 10K 52 Bits 1-5 | | &4 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 5009 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 1000 $30.00
822 10 — 20V +16V 508 35.00
823 10 — 30V +26V 29.E. ak) 8.95
Ec..— E, 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. Rogr and

Voreser independent of refer-
ence voltage used. Model 841-1
Price (1-9) $100.

Beckman®

INSTRUMENTS, INC.

HELIPOT DIVISION
2500 Harbor Bivd, Fullerton, Calif. 92634
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Everybody wants your
components business.

But were dos

6 things to earn it.

Better components. From
1 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.
tributors can give you off-

3 the-shelf delivery from an

inventory of over 50,000,000

Better delivery. Our dis-

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.
5 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. 5°

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

Better support. We've built

the largest technically-

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

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

Or call: (607) 962-4444. Ext. 838L

CORNING

ELECTRONIECS

cItors

for guys who cant stand failures
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Fast relief

from connector
headaches,
ARINC included.

If there's one sure cure for most any connector
headache, it's Bendix.

Bendix for ARINC 404 connectors. Bendix for
printed circuit board connectors. Bendix for
rack and panel connectors, too.

Take our new line of ARINC connectors, for
instance. They're the ones available with metal-clip
retention, for rear-release crimp contacts.

And that can mean fewer headaches in the field
for you. Choose from environmental and
non-environmental types, in double or
single-shell configurations, intermateable with
connectors of similar design.

You'll find our printed circuit board connectors
a big help, too. Choose from rigid or floating pin.
(Floating pin is a great cost-cutter, since there's
no more need for precise, pin-location drilling.)
Choose, too, from wire wrap. Straight or
right-angle solder post. Insertable crimp. Fixed
contact molded in dielectric.

Consider our rack and panel connectors, also.
Standard sizes. Subminiatures. Both available in
a wide variety of shell sizes and mounting
configurations for most applications.

Bendix connectors. Taken as directed, they
bring fast relief for most any connector headache,
yours included. The Bendix Corporation, Electrical
Components Division, Sidney, New York 13838.

Bendix
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Editorial

Engineering has social responsibilities

It has been brought to our attention that a committee, called the
““Committee for Social Responsibility in Engineering,” has been circu-
lating a petition requesting that the Executive Board of the IEEE autho-
rize the formation of an IEEE Professional Group on Social Implications
of Technology.

The purpose of this Group would be “. . . pursued by encouraging
research and study, by the publication of the resulting reports and trea-
tises, by the holding of meetings for the reading and discussion of pa-
pers, and by any other activities necessary, suitable and proper for the
fulfillment of these objectives.”

Pertinent topics to be considered by the Group would be “. . . the
application of electronics to the alleviation of pollution problems, the
effects of energy consumption on the biosphere, effects of data banks
and electronic surveillance techniques on privacy, the application of
engineering talent to urban problems and transportation, and the role
of government in technological research and-development.”

Stated in these terms and with such purposes, the establishment of
such a Group within the IEEE is a desirable goal and something we
concur in and are whole-heartedly for.

We would question, though, how representative of the engineering
community the Committee promoting the establishment of such a
Group actually is. On their official letterhead, 18 of the 32 members of
the working committee are academicians, either teaching at, or associ-
ated with, various universities. It's possible, and quite probable, of
course, that these people possess the best balance of conviction, dedi-
cation, and credentials to form such a working committee whose pur-
pose is to promote initial action.

But the vast bulk of engineers in the United States, whether inside
IEEE or out, are associated with industry. And it is these engineers who
can, and should, be most concerned with social responsibility in engi-
neering. .

We feel, therefore, that if the Committee for Social Responsibility in
Engineering is to be a viable and useful organization, it should concen-
trate its efforts on the typical working engineer who is intimately in-
volved in, and whose livelihood could be affected by, the social impli-
cations of engineering.

(The Committee for Social Responsibility in Engineering can be con-
tacted at 137a West 14th Street, New York, NY 10011.)

Dpand S

Editor



FULL SCALE RESPONSE

— 50 NS/DIV

OVERSHOOT
FROM NEW

PRECISION
PULSER

Only Xincom’s

6640 Precision Pulser
drives unterminated
coax without overshoot,
ringing or reflection
aberrations.

M 20V pulses at 10mhz

B 40V pulses at 5 mhz

B 1V perns, 3ftcoax + 100 pf
W Failsafe protect

B 0.01% accuracy

B Pin disconnect in 100ns
PINTO (Pin Test-Oriented)
packaging provides a plugin or
wire wrap module 3.2” x 4.0” x
55" h

Typical applications:

B MOS/Bipolar

B MSI/LSI Testing

B Memory Testing

B Step Functions

You can buy ours for $350.
There is no theirs.

Write for specs and
applications or call

[213] 341-5040

Xincom Corporation

20931 Nordhoff St.
Chatsworth, Ca. 91311
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(advertisement)

New bi-polar power-dac*solves five major

system problems in automatic test equipment

*T™

A new programmable power source from the John Fluke Company solves several
big system problems. Appropriately called a Power-DAC, the Models 4250A and
4265A provide up to =65 volts at 1 amp, with a 100 micro-second settling time to
0.01% accuracy. A full complement of options provide needed flexibility in

both price and performance.

1. Parallel or series operation — just like batteries

Have you ever needed just a little more current or
voltage to test a new device? (Probably this slight
extra capability is only needed for a very few tests.)
With the 4200 Series Power-DAC, you can double,
triple or quadruple your current or voltage capability
by a simple parallel or series connection with external
relays. No special hardware or software protection
features are required. With several Power-DACs in
your system you have both single unit control and
unlimited power configuration at the discretion of the
programmer.

2. AC or DC outputs provide versatility

In addition to the standard internal dc reference, an
external reference option allows any external ac or
dc signal to be used as the reference for the bi-polar
D-to-A ladder network. The Power-DAC can perform
many different functions within the test system.
Operate it as a programmable amplifier, attenuator or
multiplying DAC for either ac or de signals up to 30
kHz. Amplitude of fixed level function generators and
special purpose signal sources can be precisely con-
trolled from microvolt levels up to 50v rms at 0.7
amp rms. By accurately controlling the level of the
external reference, programming resolution can be
varied from 1 millivolt to several microvolts. Either
the internal or external reference is selected by a
1-bit control line. The 100 #sec settling time includes
polarity change, range change and selecting either
the internal or external reference.

3. Fast programmable current limiting protects
circuits under test

Standard models provide a gross 1.2 amp current lim-
it as an overload protection feature. One option pro-
vides a programmable current limit in two ranges,
100 ma and 1 amp. Each range is programmable in
10 percent steps, yielding 10 ma or 100 ma resolution.
When the overload occurs, transition from the con-
stant voltage mode to the current mode requires less

Model 4265A

than 20 microseconds, the crossover time being a
function of the load. The larger the overload, the fast-
er the transition. This fast crossover capability mini-
mizes the energy transients to the circuits under test.

4. Programming glitch reduction

A unique track-and-hold technique during the pro-
gramming interval reduces the peak glitch and tran-
sient excursions to less than 50 mv in the 16 volt
range, and less than 100 mv in the 65 volt range.
Transitions from computer generated waveforms or
incremental slewing operations take place smoothly.

5. Isolation and guarding reduces noise and
ground loops

Digital and analog portions of the 4200s are sepa-
rated by a metal guard to eliminate both ground loops
and digital noise which severely affect the system per-
formance of conventional power supplies and D-to-A
converters. With the isolated control logic option,
impedance between the digital control logic and the
analog circuits is 10° ohms in parallel with 3 pico-
farads. This isolation provides significant rejection
of system noise on the analog output. Up to 1000
volts of common mode voltage can be applied between
chassis ground and the guard terminal without harm-
ing the instrument, or causing severe common mode
errors.

Prices and options

For $1295, the basic 4250A and 4265A are equipped
with direct coupled control logic and blank front pan-
el. The isolated control logic

DIGITAL INPUT

3

DIGITAL INPUT

it 128

DIGITAL INPUT

2 0to +65 VDC
> AC OUTPUT #1 2 0 to +50V rms
> PARALLEL OUTPUT, 0 to +65 VDC, 2 Amps

> SERIES OUTPUT, 0 to +130 VDC, 1 Amp
SUPERIMPOSED OUTPUT, AC ON DC

EXTERNAL
REFERENCE 4265A > OUTPUT #1
INPUT ;?WEH-DAC —>— OUTPUT #2
FIXED AMPLITUDE
FUNCTION SWITCHING == AC OUTPUT #2
GENERATOR
4265A
POWER-DAC
EXTERNAL #2
REFERENCE
INPUT

The 4200 Series POWER-DACs provide a wide range of automatic test system capa-
bility. With the equipment shown above, note the different types of output obtainable.

option which also contains a
memory register for storing
the program command is $300.
The external reference, pro-
grammable current limit and
front panel digital display op-
tions are priced at $200 each.
Delivery is 30 days. For com-
plete specifications on all 4200
Series Power-DACs, write
Fluke, P. 0. Box 7428, Seattle,

0to +1 Amp

0to +0.7 Arms

WA 98133. FLUKE ®
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Design News

Implanted heart pacemaker is recharged without surgery

A Columbia University professor and a
team of Israeli researchers have come
up with an electronic heart pacemaker
powered by batteries that can be re-
charged through the patient’s skin,
without removal by surgery.

Electronic heart pacemakers—im-
planted devices that keep hearts beat-
ing at life-sustaining rhythms—are
keeping some 50,000 Americans alive,
with 10,000 more joining this list an-
nually. The pacemaker takes the place
of the heart’s own biological pacemak-
er, which is either nonfunctioning or
unreliable due to heart disease. Ap-
proximately once every two years,
however, expensive and possibly risky
surgery is needed to replace conven-
tional pacemakers’ mercury batteries.

Developed last year in Israel, the
3.6V pacemaker is powered by three
Ni-Cd batteries which are recharged
by transmitting RF power through the
patient’s skin, without any surgery. The
pacemaker is triangular in shape (a-
bout 2-1/4-inch long per side and 5/8-
inch thick) and weighs about 3-1/2 oz.

According to its inventor, Dr. Robert
Bernstein, professor of electrical engi-
neering at Columbia University, the
new cardiac pacemaker’s batteries are
expected to last 25 years before re-
placement is necessary.

To recharge the Ni-Cd batteries,

which is necessary every 4 to 6
months, a small transmitter is strapped
to the patient’s chest. The transmitter
sends out RF waves to a receiving coil
implanted in the pacemaker. The re-
ceived power is rectified and regulated
by circuitry built into the device.

A full recharge takes approximately
8 to 10 hours. “There is no discomfort
in this recharging procedure,’” says
Bernstein, ““which can take place over-
night even while the patient is sleeping
at home.”

The device has so far been tested
only in dogs, with three more animal
tests scheduled within the next few
weeks. Clinical testing with human
beings is expected to start by early
1972 atIsrael’s Tel Hashomer Institute.

Electro-Catheter Corp. of Rahway,
N. J. will be the American manufac-
turer of the pacemaker. Although its
cost is not yet fixed, the company will
probably begin selling the pacemaker
for under $1000, says Bernstein, which
is about the same as for the non-re-
chargeable types. They cost about
$850.

Another possible long-term develop-
ment is the “atomic” pacemaker
which will be powered by a radioac-
tive device. It is expected, however, to
cost from $5000 to $10,000.

One of the features planned for the

new pacemaker is so-called ““demand”’
circuitry. Many pacemakers are insert-
ed in humans on a temporary basis,
until the heart begins its own natural
pacemaking. However, a problem is
presented with current pacemakers in
that when the heart’s own natural pace-
maker gets healthy, it begins to com-
pete with the implanted device.

The new pacemaker will have built-
in sensing devices that monitor and
analyze the heart’s natural electrical
activity, and send out battery powered
impulses only when needed.

o
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New implantable pacemaker is powered
by three Ni-Cd batteries which are re-
charged by transmitting RF power through
the patient’s skin.

Multiplexing system processes 13,000 signals

How to lay out and interconnect an
aircraft’s power distribution system
with over 33 miles of wire that must be
absolutely reliable was a problem that
engineers at North American Rockwell
Corp. faced in designing the B-1
bomber— America’s next generation of
supersonic SAC aircraft.

The answer was provided by Radia-

tion Systems, Div. of Harris-Intertype.
Under a $44 million subcontract, the
Melbourne, Fla. based company has
developed an electrical multiplexing
system, known as EMUX, which can
provide control processing and routing
for nearly 13,000 signals through a
single coaxial cable. The system will
handle the B-1’s landing gear, flaps,

hydraulic pumps, lights, heaters, engine
controls and flight instrumentation.

The time-division-multiplexing sys-
tem is composed of remote input and
output black-box data terminals for
signal transmission and reception,
working in conjunction with a master
unit to process and route the multi-
plexed information.
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Commercial airliners at present use
multiplexing for passenger entertain-
ment consoles. However, this is done
on a much smaller and less sophisticat-
ed level, and not for power distribution
control. v

A significant feature of the EMUX
system is its multiple redundancy. Even
though one cable is all that is required,
each B-1 bomber will use two main
redundant cables for each of two re-
dundant systems to. provide, in effect,
two double-redundant systems. If a
cable is opened or shorted for any rea-
son the other cable takes over automat-
ically, and the system continues to
function. Even if an entire system
should fail—a highly unlikely event—
the other one takes over.

According to Radiation, an aircraft

with such a system has a probability of
mission success of 0.99992. On each
bomber, forty-two nuclear-hardened
black boxes (21 per system) will be
used, with a total weight of less than
400 pounds (less interconnecting ca-
bles)—a 40 to 60% weight reduction
over a non-multiplexing approach.

The single-balanced twisted-pair
cable operates in a lossless terminated
mode and handles two-way Manches-
ter-coded data at a 1-megabit/sec rate.
Built-in LED indicators in the master
unit are available to immediately indi-
cate the status of an open or shorted
control point.

A special-purpose 210,000-bit pro-
cessor is used in the system. The pro-
cessor is made up of 1024-bit PROMs
supplied by Radiation’s sister compa-

ny, Harris Semiconductor. The total
system cycle time is quite fast—less
than 30 msec.

Since each EMUX system is built
with spare capacity for reprogram-
ming, it can be expanded easily by
having terminals added (or deleted).
Up to 24 black boxes per system will
be possible. The system is capable of
handling video, analog and digital data
in a time-division multiplexing mode.

According to Radiation spokesmen,
talks are presently being conducted
with the Boeing Aircraft Co., Seattle,
Wash., for the possible use of EMUX in
the upcoming Space Shuttle. Radiation
also foresees EMUX applications in
automobile, ship and train electrical
systems, as well as many commercial
applications.

MULTIPLEXING BUS
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“A single coaxial cable is all that is used to process 13,000 signals in the new EMUX electrical multiplexing system built by Radiation Sys-
tems Div. of Harris-Intertype Corp., Melbourne, Fla. The system was designed to handle the electrical power distribution aboard the Air
Force’s upcoming strategic B-1 bomber. Each EMUX system is composed of 21 black-box terminals.

Kitchen stove uses solid-state oscillator

New York —Westinghouse engineers
have developed an electric home
range that heats cooking utensils di-
rectly by low-frequency induction
rather than indirectly by the usual re-
sistance elements. This, they say, gives
the housewife the same speed of re-

sponse as gas, plus a countertop so
smooth and cool that unused portions
can be used as additional work sur-
face.

The main drawback of the new
range is that because of the cost of the
semiconductors used in the oscillator

circuit, the induction range will cost
almost an order of magnitude more
than conventional resistive electrical
ranges. Westinghouse’s first product
based on this principle—a four “burn-
er’” range, will sell for $2500, rather
than the several hundred dollars of a




conventional surface unit. But West-
inghouse expects that continued de-
creases in power semiconductor costs
will bring the price down to less than
$1000.

The 23kHz magnetic field is gener-
ated by flat, pancake-shaped coils lo-
cated underneath a non-magnetic
counter top (made of a ceramic materi-
al). These coils are part of a transistor
oscillator that runs off dc rectified from
the regular 220V ac line used for large
appliances.

The 23 kHz flux emanating from
these coils induces high circulation
currents in any metal pan or kettle sit-
ting on top of the cooking surface. If
the pan is made of the proper materi-
al—only iron and steel utensils should
be used —the eddy-current losses from
these circulating currents will rapidly
heat the utensil. Meanwhile there will
be no heating of the non-magnetic

countertop, except from the cooking
utensil. Westinghouse demonstrated
that it is possible to put a paper towel
between the pan and the surface. The
oscillators consume about 1900 W and
because of the efficiency of this
method of applying the heat are said to
be equivalent to 2400 W resistive
units.

Westinghouse has been working
with the U.L. to ensure that the pro-
cess—which hitherto has only been
used in industry —is safe for household
use. The engineers were especially
concerned that stray 23 kHz radiations
might falsely trigger or swamp certain
types of heart pacers. But their tests
have shown that as long as a cooking
utensil is in place, it will ““grab’” most
of the radiated flux and there will be
negligible stray field.

To eliminate the possibility of stray
fields when no utensil was on the unit,

the engineers incorporated a sensor
that notes the absense of a utensil and
turns off the oscillator.

Special controls were developed to
maintain the clean, smooth styling of
the counter top. These consist of per-
manent-magnets the size of a pack of
cards, which are slid back and forth in
shallow grooves. They operate linear
potentiometers. The housewife can lift
them off to clean the surface of the
unit. Just how the power of the oscil-
lators is varied was not disclosed by
Westinghouse.

The reason for the expense of the
semiconductors is that each oscillator
must have transistors capable of han-
dling over 10A at high voltages. Right
now, large numbers of TV deflction
system transistors are being used in
parallel, but Westinghouse hopes to
replace these with single transistors tai-
lored to the application.

Controls

COUNTERTOP,

A CERAMIC-LIKE
MATERIAL THAT
ISN'T HEATED BY

THE FIELD\

Sliding
Permanent
Magnet
Controls

MAGNETIC FIELD """~ —

COOKING VESSEL, IRON

220V AC

23KHz, 2KW OSCILLATOR

Induction-principle range boasts a cool, smooth work-top
surface. It is said to appeal to housewives because it is
easily cleaned and has the speed of gas. The circuit
(sketched by EDN/EEE after talking with the designers)
consists of a transistor oscillator driving a pancake-shaped

coil that is fastened to the underside of the non-magnetic

surface.

Fingerprint transmission via satellite proves feasible

The first television transmission of fin-
gerprint records via satellite link, from
California to Florida, has been success-
fully achieved. The transmission sys-
tem uses microwave communications
and Ampex Corp. Videofile system
equipment as part of experiments by
project SEARCH (System for Electronic
Analysis and Retrieval of Criminal His-
tories).

In the experiment, fingerprints and
photographs filed by videofile system
equipment at Sacramento, California

were transmitted as video signals via
NASA’s Hughes ATS-1 satellite to a
complete videofile system at Tallahas-
see, Florida. There they were convert-
ed to video recordings and retrieved by
“instant replay’’ as television pictures
and printed copies. The experiment
demonstrated what may eventually be
a system for state-to-federal fingerprint
transmission using a permanent satel-
lite system.

Presently, positive identification of
the fingerprints of an arrested person

may take two to three weeks. The
prints are mailed to various identifica-
tion centers and matched to existing
print files. With the experimental sys-
tem, however positive fingerprint iden-
tification may be reduced to just a few
hours.

The fingerprint of an arrested person
in Los Angeles, for example, would
first be processed by an analog image
scanner. The analog output of this
scanner is converted by an a/d con-
verter to compressed digital form. Data
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then passes through a 9600-bit/sec
modem for transmission to a commu-
nications satellite, which then relays
the information to a State-of-California
criminal records center in Sacramento.

At Sacramento, the fingerprint data
is processed through a modem and a
d/a converter to produce an analog
signal which drives a photographic
facsimile recorder. The recorder pro-
duces an accurate paper copy of the
original fingerprint. At the same time,
the incoming digital signals are record-
ed on a digital magnetic tape recorder
for pictorial data processing.

An attempt is made at Sacramento to
match the fingerprint to preexisting
records. If the attempt is not successful,
the recorded digital data would be re-
transmitted via satellite to the national
fingerprint identification center. For
the purposes of this experiment, the
national center was simulated by a
receiving station in Tallahassee, Flori-
da. At the receiving station, a d/a con-
verter processes the incoming data for
plotting on a facsimile recorder.

The SEARCH experiments, conduct-
ed December 6 to 17, 1971, have pro-
duced images of excellent quality,
according to Paul K. Wormeli, national
coordinator for project SEARCH and
vice president, Public Systems, Inc.
Wormeli said findings from the experi-
ments will be used in a SEARCH tech-
nical report this spring. The report will
evaluate the cost and benefits of finger-
print transmission via satellite.

Fingerprints via satellite are displayed on a
television screen by “instant replay.” The
fingerprints were transmitted from Sacra-
mento, California to Tallahassee, Florida by
NASA’s Hughes ATS-1 satellite and record-
ed on an Ampex videofile system.

Now . . . Obtain remarkably high resolution from an all
solid-state image sensing device—the RETICON
RL-256. Using silicon-gate MOS technology, this mono-
lithic scanning array is designed for page reader, fac-
simile, process control and TV camera applications. As
a major breakthrough in microelectronic image sensing
the RL-256 offers:

high resolution — 256 elements on 1 mil centers.
on-chip scanning for serial output on a single video
line.

charge storage mode operation for high sensitivity.
choice of external or internal TTL compatible driver
circuitry.

choice of external or internal video amplifiers.

scan rates from 1 KHz to 10 MHz.

programmable resolution (128 or 256 mode).
standard 16 lead dual-in-line package with sealed
glass window.

Other devices, among RETICON's linear
array family, feature 64 elements (RL-64)
or 128 elements (RL-128) on 2 mil centers.
All with single video lines. All units with
or without TTL compatible driver circuitry.
All in standard 16 lead DIP package with
glass window. All available from in-

ventory.

RETICON ™

365 MIDDLEFIELD ROAD
MOUNTAIN VIEW, CALIFORNIA 94040
(415) 964-6800
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SCIENCE. "SCOPE

The U.S. Army's M-60Al main battle tank will have a new fire-control system built
around a ruby laser rangefinder and a solid-state ballistic computer, both devel-
oped by Hughes. It will enable the crew to fire its first round more quickly and
will greatly increase the probability of scoring a first round hit. The laser
rangefinder will utilize hardware assemblies developed earlier for the Army's
M60A1E2 tank and M551 Sheridan armored reconnaissance airborne assault vehicle.

A long-life solar cell power supply system for orbiting satellites, now being de-
veloped for the U.S. Air Force by Hughes, will be capable of operating at alti-
tudes between 200 and 22,300 nautical miles, or higher, for at least seven years.
It will incorporate technology which Hughes developed for USAF's FRUSA (Flexible
Rolled-Up Solar Array) program, a system of extendible solar cell panels unfurled
like windowshades in space to convert the sun's energy into electrical power.

The first of five U.S. Navy F-14A Tomcat air superiority fighters has been flown

to the Pacific Missile Range, Pt. Mugu, Calif. for installation of the AWG-9 wea-
pon-control system and testing of the Phoenix missile, both developed by Hughes.
When the twin-engine F-14A becomes operational it will be the Navy's most sophisti-
cated fighter for both offensive and defensive missions. It will carry a 20mm can-
non and various combinations of Phoenix, Sidewinder, Sparrow, and Agile missiles.

Two new series of lightweight digital computers have been developed by Hughes for
central avionics, ECM, missile guidance, RPV, and other military applications. The
HCM-230, latest of a line of Hughes airborne computers spanning 20 years, is a 24-
bit, 92-instruction, truly modular computer with a throughput of 400,000 operations
per second. The Mini-HDP is a low-cost minimal unit. Though very small (20 cu. in.
including 8K of memory), it is a 19-instruction, 16-bit-word-length LSI computer of
about 600,000 operations per second.

Hughes needs electro-optical system analysts to work on surveillance and precision
tracking systems. Requirements: MS or PhD in Physics or EE and 3-8 years experi-
ence with E-O sensor systems, infrared physics, and computer techniques for anal-
ysis. Also mechanical engineers for conceptual design of complex E-O systems.
Requirements: BS or MS in EE or Physics, 5-10 years experience. Please send your
resume to: Mr., Robert A. Martin, Hughes Aerospace Engineering Divisions, 11940

W. Jefferson Blvd., Culver City, CA 90230. An equal opportunity M/F employer.

Digital display systems for the U.S. Navy's future fleet of 30 Spruance-class des-
troyers are now in production at Hughes under a subcontract from Litton Industries.
They will be part of the Naval Tactical Data Systems (NIDS) which provide instan-
taneous presentation of the action within tactical combat zones. Within seconds,
NTDS can evaluate a potential threat, assign and control countering weapons, and
perform other command functions. The Spruance class will be the backbone of the
Navy's destroyer forces in the mid-1970s and beyond.

Creating a new world with electronics

HUGHES AIRCRAFT COMPANY

CIRCLE NO. 10
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Electromechanical generator produces

clean waveforms of

Philips Research Laboratory in Ham-
burg, Germany has designed an elec-
tromechanical voltage function gener-
ator, which, in principle, can generate
any desired function but is free of the
usual electromechanical drawbacks.

Generation of an arbitrarily chosen
voltage pattern is usually accom-
plished by mechanical means, an
example of which is by a disc cam. The
drawback lies in the fact that very ad-
rupt voltage changes can be produced
with difficulty, if at all. The use of disc
cams is also accompanied by such
troublesome effects as parasitic oscilla-
tions and heavy wear.

In the new function generator, use is
made of the fact that a magnetic flux
can be displaced by means of a copper
plate. The plate in this case is shaped
in accordance with the desired func-
tion. Designed by K. Rennicke of Phil-
ips Laboratory, the generator uses a
0.2mm-thick copper plate attached to
a spindle. The shape of the perimeter
of this disc-shaped foil is such that the
distance “'r'"’ to the spindle corresponds
(as a function of the angle of rotation, ¢
to the voltage function to be generated.
The foil rotates in the air gap between
two ferrite plates that serve as cores of
two coupled magnetic coils.

A 200-kHz voltage is applied to*the

any desired shape.

primary coil, which induces a propor-
tional alternating voltage in the sec-
ondary. With no foil in the gap, the
coupling between the two coils is max-
imum. On the other hand, the second-
ary coil signal becomes practically nil
if it is completely screened from the
primary by the foil.

The output voltage can be rectified
following selective amplification. With
a uniformly rotating disc, the output
voltage is a function of the angle of ro-
tation, (¢), and time, and displays a
pattern which derives directly from the
shape of the perimeter of the disc.

In addition to its linearity advantages
over disc cam types, the new device
makes possible the generation of very
steep edged waveforms. The new gen-

erator reportedly can also produce -

functions of a much higher frequency
than those possible by purely “me-
chanical generators.

An improvement in linearity be-
tween the amplitude of the secondary
output voltage and the value of “r'’ is
realized by deliberately aligning the
two ferrite plates in a non-parallel
manner—the plate edges are further
apart on one end than on the other,
which gives rise to a small angle ()"’
(see figure). Deviations from linearity
are said to be less than 0.5%.

UPPER PLATE

200KHz

¢
—~—~

SPINDLE

AMPLIFIER RECTIFIER

OUTPUT
t

High frequency and closely tracked waveforms of any shape can be produced using this
electromechanical generator. The output can take on any form in accordance with the

shape of the rotating spindle.

Hughes is
in industrial
electronics, too:
components,
equipment
and systems.

Bipolar ona hy‘brid éi}cuifs (RS 284)

Microcirc.Q';t production equipment
(RS 294)

Flat flexible cable and circuit assemblies
(RS 288)

Thermal energy transfer devices (RS 299)

Frequency control devices (RS 285)

Numerical control systems (RS 295)

For complete information, write Bldg. 100,
Mail Station C-512, Culver City, CA 90230.
Or request by Reader Service (RS) numbers.
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The Kokomoans now
give you Darlington
Switching Power.

Use a Darlington in place of an ordinary
transistor, and you’ll realize an additional mag-
nitude of gain plus increased switching power.
Use a Delco silicon power Darlington (DTS-1010
or DTS-1020) and you’ll also realize a gain in
dependability.

Delco’s Darlingtons are triple diffused mesa
units housed in copper TO204MA cases and built
for ruggedness. The design gives them high ener-
gy capability—the ability to handle surges of
current and voltage simultaneously. They are
ideal for switching inductive loads in circuits
subject to transients or fault conditions.

Design a switching regulator circuit around
a Delco Darlington or use it in any 60-100 volt

Now available from these distributors
in production quantities.

application to reduce circuit size, weight, and
cost. In addition, the Darlington space saving
feature allows you more design flexibility. Unlike
an ordinary transistor, it’s only energy-limited,
not beta-limited. You can exploit its full energy
capability in your circuit.

Call your nearest Delco distributor. He
has them in stock and he’s got the data on
high energy switching for small spaces.

For details on the switching regulator circuit,
ask for Application Note 49.

E-JEE Delco Electronics

DIVISION OF GENERAL MOTORS CORPORATION.
KOKOMO, INDIANA

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 Milo of California, Inc.
(714)-232-8951

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

COLO., COLORADO SPRINGS e Walker
Electronics (303)-636-1661

COLO., DENVER e Cramer/Denver (303)-
ggg-gig? e Denver Walker Electronics (303)-

ILL, ROSEMONT (Chicago) e Kierulff/F-J-R
(312)-678-8560

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

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

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

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

MASS.,, NEWTON s The Greene-Shaw Co.,
Inec. (617)-969-8900

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

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

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

MO., NO. KANSAS CITY 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)-471-6600

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

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

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

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

N.Y., WOODBURY e
(5616)-921-8700

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

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

OHIO, DAYTON e
278-9411

OKLA., OKLAHOMA CITY e
(405)-235-1551

OKLA., TULSA e Radio, Inc. (918)-587-9123

PENN., PHILADELPHIA ¢ Almo Electronics
(215)-676-6000

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

Harvey/Federal

Cramer/Rochester

Harvey/New York

Kierulff/F-J-R (513)-

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

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

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

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

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

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

VA., RICHMOND e Meridian Electronics,
Inc., a Sterling Electronics Company (703)-
353-6648

WASH., SEATTLE e Kierulff Electronics, Inc.
(206)-763-1550

WASH., TACOMA 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).
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Digital ICs offer new solutions
for rough industrial problems

Here are some guides for choosing and interfacing digital ICs
that will be used in severe commercial applications.

Ed Tynan and Bob Burlingame, Semiconductor Products Div., Motorola, Inc.

In the past few years digital ICs have made inroads into
application areas far afield from their birthplace —com-
puters. Perhaps the fastest growing new uses for digital ICs
are to be found in industrial and commercial areas. Here,
ICs are being used for wholesale replacement of electro-
mechanical devices such as relays—(see Box), latches,
and counters.

More significant is the fact that digital ICs are making
possible entirely new approaches to the solution of prob-
lems encountered in designing for automated processing
and production. For example, a programmable read-only
memory can replace combinational logic arrays of great
wiring complexity to ease the design of control logic and,
with phase-locked loop techniques, high accuracy and
resolution in the control of motors is possible despite vary-
ing torques.

In general, the jobs which digital ICs can be expected to
perform for the industrial and commercial user include the
following:

— Provide the means to achieve low cost monitoring of
production and plant operations.

—Replace electro-mechanical devices such as relays
and switches for greater reliability, smaller size, and
lower overall cost.

— Provide the capability for extensive multi-signal data
collection and processing.

—Control motor speeds and positioning-equipment
locations.

—Eliminate repetitive, routine decision-making tasks
done by human operators, thus permitting a higher
degree of automation for cost reduction.

—Do all of these jobs with a high reliability, at low
cost, in a small size, and with a low power consump-
tion unmatchable by either discrete electronic or me-
chanical components.

As a result of the expansion of digital logic into indus-
trial and commercial areas, many designers are being
called upon to use unfamiliar devices for the very first
time. Some of the considerations which should be made
early in the design phase will be explored.

Selecting the logic type

Because of the severe electrical and physical environ-
ments in which industrial and commercial equipment is
called upon to operate, choosing the type of digital logic
and its package can be critical. The questions once was
only, “which type of transistor-transistor logic (TTL) should
| use?”” Today TTL does still offer a low-cost approach,
together with the widest variety of available logic functions.
However, other types of logic, such as complementary
metal oxide semiconductor (CMOS), emitter coupled logic
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(ECL), and high threshold logic (HTL), offer significant per-
formance advances which can be vital to the success of a
design.

TTL logic is moderately fast, but generates internal
switching noise, often causing problems rather than elimi-
nating them. Such noise, coupled into logic gates, can
cause erratic operation. ECL operation is very fast and is
quiet electrically, so it does not interfere with itself or
nearby sensitive circuits. CMOS is characterized by a min-
iscule power consumption and a high immunity to noise.
HTL offers circuit performance similar to TTL, but with a
factor-of-5 improvement in noise immunity.

High switching threshold P-MOS logic offers the indus-
trial user large scale integration (LSI) of many logic devices
onto a single chip, in one small package. Exceedingly
complex functions, like shift registers, character generators,
memories, hundred-gate logic arrays, even complete pro-
cessing subsystems on a chip, are today available in
PMOS.

Frequently it may seem wise to the industrial designer to
select a variety of different logic types for his system, so as
to have the best features of each where needed. However,
it then becomes necessary to consider whether the logic
types can be interfaced to each other directly, or whether
it will be necessary to adjust logic voltage levels among
the different parts of a system. Unfortunately, translating
among logic types can create more problems than it
solves: multiple power supplies may be required; system
noise immunity may be degraded; additional circuitry and
cost will result from the requirement for interfacing logics;
large temperature differences throughout such a system
could play havoc with the performance of differing types
of digital ICs patched into a single system. As a result, it is
wise to limit the number of different types of logic within a
system. In essence, select those logic types to make the
best tradeoffs within the design boundary conditions:

—Cost

— System stability in the face of its environment
— Performance

— Availability of digital functions

While selecting the logic types to be used, the system
engineer must also decide what packaging requirements
exist. Four types of package are in common use for stan-
dard digital ICs: ceramic and plastic dual in-line; ceramic
flat packages; and metal cans. Of these, metal cans are
rarely used except with a few MOS devices. The ceramic
flat package has a long history of reliable use, and should
be considered for application in high-reliability programs.

Plastic or ceramic packages?
Dual in-line packages are most suitable where high vol-
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(a)

STOP START
o
= 951
CR1 CR1
(b) Let: CR1 = Coil Function
S1 = Switch 1
S2 = Switch 2

The equation is:
(Coil activated) = (Switch 2 not activated) AND
(Switch 1 activated OR N.O.
contact activated)

which can be written:
CR1I= S2 ¢ (S14CR1)

THE LOGIC DIAGRAM IS:
(S1+ CR1)

T

(c) CR1 '

S1

CR1

Relay to IC conversion

The procedure for replacing control relays with digital
ICs begins by writing a Boolean equation for the switching
arrangement, using a consistent logic assignment as in the
table. The Boolean equation is then implemented with IC
logic functions. Simplifications may be made by manipu-
lating the Boolean equations according to the usual rules
of that algebra.

A very simple example is shown in the figure. In (a), a
momentary push button energizes relay coil CR,, closing
contacts CR,. S, maintains the CR, contacts closed and the
CR, coil energized until a cycle is ended by opening S,.

In (b) a Boolean equation for the circuit has been writ-
ten. One logic implementation of the function is shown in

(d) WHICH BECOMES:

ll1'l CR1
s1
s2

TABLE
ACTIVATED | DEACTIVATED

DEVICE STATE STATE
_., N. O. S1 1 0
—..»()M S2 9 .

i NG 1 0
f—{ip——— CRI

pe1-C. G 0

i COIL 1
_.o@o_o_ CR1 8

(c). A cursory inspection reveals that the needed CR, input
is available by feeding back the output (d).

If the equations for several relay circuits are combined,
they can be converted into the complete control logic dia-
gram. Or, the total diagram can be formed by drawing the
logic diagrams for each equation and then interconnecting
the individual diagrams.

The example shown might have been part of control
circuitry from which no power was required. However, it
is usually the case that at the output of the logic array,
some power device will be required. The circuit shown
might be used for controlling a dc motor in a linear actua-
tor. If so, a power transistor switch would be required
between the IC and the motor.

ume use demands a low unit cost. For most industrial and
commercial applications the question is only whether to
use plastic or ceramic dual in-line packages. In general,
plastic is less expensive, but ceramic offers a proven her-
metic seal, to give full protection to the IC chip.

A caution, however, is in order. Although a ceramic
package as purchased may be hermetic, it can be dam-
aged during wave-soldering. Particularly vulnerable is the
glass seal at the leads. When the seal is made, the leads
have not yet been plated. The glass seal is then made. Af-
terwards, all exposed metal is given plating for protection.
If cracked, unprotected metal may be subject to corrosion
by salt or caustic atmospheres, leading to a failure despite
remaining hermeticity.

Surprisingly, a non-hermetic package using a corrosion-
resistant lead material may be a better choice than a ce-
ramic package. However, it must be remembered that
moisture can enter the plastic package, particularly if
moisture remains after cleaning flux from a PC board after
assembly. To avoid problems, therefore, it is effective to

bake the unit at 125°C for at least an hour before applying
power. This will eliminate any moisture which has entered
along the leads during the solder process. A longer period
of time at a lower temperature may be used if components
with lower storage temperatures are used.

One packaging possibility which should not be over-
looked is the hybrid circuit. Particularly with custom de-
signs, hybridizing all or part of a design offers an opportu-
nity to select from an almost unlimited number of pack-
ages. Digital ICs, discrete transistors, SCRs, and passive
components can all be combined into a hybrid package,
to gain-advantages in size. In addition, with a single pack-
age replacing dozens of separate components, a net cost
advantage may be discovered when both direct and indi-
rect costs of separate devices are considered. Indirect costs
include the costs associated with ordering, testing, inven-
tory, and assembly.

All electronic devices, not just digital ICs, are subject to
problems with noise. In fact, digital systems do have an
advantage in overall behavior: noise picked up at any giv-
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Fig. 1 —Noise immunity as a function of logic swing. One defini-
tion of noise immunity is the voltage swing needed to drive a gate
from a quiescent point into its transition region. TTL devices, with
their lower logic swings, have lower noise immunity than HTL
devices.

en point, below gate switching thresholds, is not propa-
gated through the system. This response of a digital system
is in sharp contrast to a linear or analog system, in which
even low amplitude noise may not only be propagated
through the system, but might be amplified as well!

Noise sources are not always obvious

Digital ICs do not malfunction because of mechanical
wear or jammed and stuck parts. But they are susceptible
to electrical noise bombarding them from a surprising
number of sources. Even though remedies are available
after the fact, the industrial user can rationally expect
noise to be a problem, and should tackle this nuisance at
the outset.

Sources of noise range from fluorescent lights, wall
switches, relays, motors, and solenoids, to arc-welders,
power substations, elevators, and sources of RF energy.
Routes to trouble in a digital circuit are threefold: signal
and transmission lines; power supply lines; and ground
lines. Sufficient noise on any or all of these can cause false
and erratic operation of digital circuitry.

Noise immunity of a digital gate may be defined as a dc
voltage specification measuring the immunity of the gate
to false switching caused by noise voltages. This dc pa-
rameter, in some cases, is taken as the voltage difference
between the worst-case output level. Such a definition
focuses on the worst case output of one gate, coupling
into a following worst-cast input.

Another definition of noise immunity derives from the
voltage swing needed to drive a gate from its quiescent
voltage into the transition region (Fig. 1).

An ac noise parameter can be obtained by cascading
gates operated with worst-case logic levels, and then

(]
N~

measuring the minimum noise voltage level that will prop-
agate through the gates. Such a measurement can be more
indicative of actual system operation than the dc specifica-
tion.

The designer must be cautious when comparing specifi-
cations of noise immunity for the various families of logic.
Although voltages are often referred to when specifying
noise immunity characteristics, other variables enter into
actual behaviors; for example, the duration of a pulse and
the total energy contained in a noise burst. Thus, for a
longer noise pulse there is a higher probability of false
switching than for a shorter one (Fig. 2).

Avoidance of noise problems with a digital IC circuit
demands attention to each of three areas:

—The noise source
—The mode by which noise is coupled
—The logic’s noise immunity

Assuming that digital ICs are called upon to operate in
proximity to noise sources, steps to be taken to minimize
electrical interference should be considered. These in-
clude standard techniques, such as power-line bypass
capacitors, diodes across relays to suppress high-ampli-
tude transients, and capacitors across dc motor brushes. In
rare cases of severe interference, as from electric arc weld-
ers, induction heating equipment, and so on, shielding of
the source equipment may be considered, both to reduce
RF radiation to within legal limits, and to prevent interfer-
ence to electronic equipment.
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Fig. 2—Comparison of noise immunity to signal line noise. The
voltage threshold noise level is shown as a function of pulse width
(a), and as a function of total noise pulse energy, (b), for a number
of logic families in wide use for industrial applications.
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Not to be overlooked is noise generated within the digi-
tal system itself.

On-card and power-line entry-point bypass capacitors
are strongly recommended. In many cases, particularly
with high-speed TTL systems, it may be necessary to use
multilayer printed circuit boards, with one layer being
used for shielding between layers of interconnections.

Also to be considered as internal to a digital system are
any power output switching devices, such as SCR’s, which
are capable of generating noise spikes of high amplitude.
Elimination of such interference may require a combina-
tion of filtering, bypassing, shielding, or remote location of
the SCRs.

Examination of the second factor, mode of coupling,
may suggest easy methods for minimizing noise. Coupling
can be by direct electrical conduction from the noise
source through power- or ground-line wiring to the digital
system. In such a case, low-impedance bypassing with
capacitors from the common lines to a ground point not
part of a loop can remedy the problem.

A grounding system, as shown in Fig. 3, will go far to-
ward keeping electrical noise from interfering with a sys-
tem. All grounds should be connected to a common
ground point—normally near the power supply. All logic
circuits are connected to a circuit ground. All relays, sole-
noids, motors and other noise generating devices are
wired to a separate ground network connected to the
common ground point.

All mechanical parts such as panels, chassis, and cabi-
net doors should be grounded with a third ground. A
mounting frame is often used for this if good conduction
can be made at points of contact. If some pieces of equip-
ment in the system are left ungrounded, they may carry
transient voltages that will interfere with the rest of the sys-
tem. The three separate ground systems connected to a
common point will eliminate noise on the signal ground.
Heavy ground leads should be used on large systems to
minimize any voltage drop along the ground line run.

A second mode of coupling, somewhat less frequently
encountered, is via RF radiation (electromagnetic cou-
pling). Radiation may be picked up by long interconnect-
ing lines between system units. For reduction of pickup,
twisted pair or coaxial cable lines may be used. Merely
relocating the position of interconnecting lines to move

them further from the noise source may suffice when this
is possible.

The third point to be considered, logic noise immunity,
is first of all a property of the logic family selected. CMOS
may well offer the highest noise immunity available, typi-
cally 45% of'its operating supply voltage. That means that
with a supply voltage of 16 volts, noise immunity could be
over 7 volts. High threshold logic, HTL, offers an immuni-
ty of up to 6 volts, while TTL only promises 1.2 volts
immunity.

The exceedingly small power current drain of a CMOS
gate makes it easier than HTL to decouple from power-line
noise, for example. A series registance together with a
shunt zener diode can suffice for an entire board of CMOS
gates, even when very-high-amplitude noise pulses are
present (as in SCR systems, at power-main substations, and
in an automotive electrical system).

Design guidelines

After selecting the logic types, choosing the package
type, and considering the noise question, the detailed de-
sign of the digital layout begins.

Some of the general considerations which must be
translated into specific details for each particular logic
type include the following:

—Power supply: voltage, current, and regulation re-

quired

— Effect of temperature

— Device maximum ratings

— Driving and loading limitations

— Interfacing at inputs and outputs of the digital system
Digital ICs are tested at specific supply voltages, usually
specified as a nominal voltage + either 5 or 10%. For
example, the MC7400 series is tested at 4.75 and 5.25
volts. To do a worst-case design, the user must insure that
the supply voltage is maintained within these limits under
all possible conditions. Both supply ripple and regulation
are therefore important.

Operation of digital 1Cs at supply voltages below the
specified range can be expected to cause problems. The
gates will usually function if output loading is reduced, but
more complex circuits may quit entirely regardless of ex-
ternal loading. Likewise, operation above the specified
limit is often unpredictable. The advice of the IC manufac-
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Fig. 3—Good grounding techniques reduce noise problems.
Three separate grounds (logic, control and chassis) connected to a
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common system ground point minimizes noise on the signal lines.
“Heavy ground leads reduce voltage drops along the ground return.



turer should be obtained before designing a system to op-
erate above its specified voltage limit.

Extremes in temperature can produce one of two prob-
lems with an integrated circuit. It can either fail to operate
at that temperature extreme only, or catastrophic failure
can occur, rendering the circuit inoperative even when the
temperature extreme has been alleviated.

Operating at a temperature below the normal rating is
usually not a cause for total failure unless thermal shock is
involved. It is, however, quite likely to cause an operation-
al failure at the extreme low temperature. Aside from the
obvious result that some devices will not function at tem-
peratures below a minimum level, the speed of the circuit
is also affected. Such an effect can be critical if the cir-
cuitry is dependent on time delays.

Some compensation can be accomplished by reducing
the loading on gate outputs. A complex circuit, however,
may fail, either because the design relies on gate delays
within the circuit (such as in an edge-triggered flip-flop),
or because the integrated circuit was designed with maxi-
mum internal loading. A third possibility exists when mas-
ter-slave flip-flops are used with different thresholds for the
master and the slave. It is possible that these two thresh-
olds may not track with temperature, thus causing an op-
erational failure.

The user can normally determine the likelihood of any
of these types of failures through a study of the schematics.
Then, by reducing loading approximately 1% for each
degree below the rated temperature limit, circuits speci-
fied at 0°C may be used as low as —55°C. As a precaution-
ary measure, it is wise to consult the manufacturer prior to
applying this rule.

ICs should not be operated above the maximum temper-
ature specified. The reliability of an IC can also be im-
paired by operation above the maximum junction (die)
temperature specified. This can come about by operating
in higher than rated ambients, and can also be caused by
overloading the output transistors, or by operating TTL at
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Fig. 4 —Discrete to IC interface. Discrete transistors that are used
to drive current-sinking logic must be able to supply both the for-
ward and reverse current required. Shown are the minimum rec-
ommended load resistor values for the transistor interface.
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Fig. 5—Wave-shaping circuits. Slow rise or fall time inputs to dig-
ital ICs should be avoided to prevent oscillations at the output.
The wave-shaping circuits shown can be used to obtain an output
impedance of up to 1kQ (a), or up to 300€, (b).

higher than rated speeds. The first two reasons are ob-
vious: the third is a result of the switching spike inherent
in TTL at the time when both transistors conduct simulta-
neously. The spike duration increases with temperature,
causing additional power to be dissipated, thus contribut-
ing to the condition for thermal runaway.

The maximum ratings table found on device data sheets
is meant to warn the engineer that exceeding these limits
can cause catastrophic failure. It should never be taken for
granted that the device will continue to operate satisfacto-
rily when these limits are approached. As an example,
maximum supply voltage is often specified at 50% to
100% greater than the recommended operating voltage.
This is a design value meant to indicate that under adverse
conditions —such as power supply malfunction—the de-
vice will probably not suffer permanent damage. The ““prob-
ably”” means that it is not enough just to insure that any one
maximum rating is not exceeded. The malfunction men-
tioned could cause either input voltage or junction tem-
perature maximum ratings to be exceeded. Either of these
can cause permanent device failures.

Digital ICs are characterized by parameters designated
as output loading factors and input loading factors. These
are derived from four parameters noted on the data sheet.
They are : (1) IOH, which is output logic ONE state source
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current capability, (2) 10L, which is output logic ZERO
state sink current capability, (3) IF, which is input forward
current requirement, and (4) IR, which is input reverse cur-
rent leakage. In order to insure that overloading does not
exist, the total forward current of all gates connected to an
output, must not exceed the rated 10L of that output.

A similar condition exists for IOH and the sum of all
reverse currents. The assignment of loading factors is an
easy method for insuring that outputs are not overloaded.
The rule ““The sum of input loading factors of all inputs
connected to an output, shall not exceed the output load-
ing factor of that output” takes care of the situation. It is
quite easy to apply, as long as all circuits are from one
family.

The loading problem becomes somewhat more difficult
when intermixing families. Not only is the designer con-
fronted with a difference in values of the four important
parameters, but a difference in test conditions is often
encountered. For example, one logic series may be speci-
fied with an IR value measured at the minimum high-level
output voltage of 2.4 volts, while another may specify this
current at 4.5 volts.

Similarly, the ratio of 10L to IF may be used to deter-
mine the output loading factor on two separate device
series. Although IOL or IF value for the separate device se-
ries may appear to be equal, further investigation may re-
veal that IOL and IF were both tested at the same power
supply voltage for one series, while the other series’ tests
used worst-case power supplies in each case.

Therefore, interfacing rules are best based on the limits
specified on the individual data sheets, with the realiza-
tion that noise margins may be no better than the worst-
case family used individually.

Interfacing with external components is somewhat more
involved — particularly when a load requires current to be
sourced into it. Such a situation can usually be analyzed
by assuming that a ONE level gate-output corresponds to a
voltage source of magnitude VOH in series with an im-
pedance of VOH I ...,x (VOH is minimum high-level
output voltage, 1. .., is the minimum short-circuit cur-
rent). This is not truly a worst-case, since | . is measured
with inputs at ground rather than at a worst-case zero lev-
el. However, it is adequate for most purposes.
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Driving a load which requires a sink current presents no
problem for current-sinking logic such as TTL, DTL, or
HTL. It is only necessary to insure that the sink current
required is no greater than the specified IOL of the gate
circuit.

Driving current-sinking logic with a discrete NPN tran-
sistor operated as a common-emitter amplifier creates no
particular dc problem. But the transistor and its load resis-
tor must be able to supply the forward and reverse current
required. A similar requirement exists for other transistor
circuits, but they are somewhat more difficult to fulfill with
an NPN transistor operated as an emitter-follower or a
PNP used as a common-collector amplifier. Fig. 4 shows
minimum recommended resistor values for transistor inter-
faces.

AC requirements for interface circuits are not as imme-
diately evident as the dc constraints. And, in fact, saturat-
ed logic (e.g.TTL) can break into spurious oscillations if
inputs are biased at or near the switching threshold. Slow
rise or fall time inputs to digital 1Cs should be avoided,
since the output waveform might then contain oscillations
at the leading or trailing edge of the output.

A good rule to follow is that rise and fall times of an
input to a digital IC should be no longer than the propaga-
tion delay of a standard gate within that family. Rise and
fall times as referred to here should be measured between
VIH and VIL rather than 10% to 90% points. If the wave-
forms to be used do not correspond to this criterion, wave-
shaping circuitry, or one of the gate configurations shown
in Fig. 5 may be used.

Another facet of interfacing which may be critical is
parasitic elements which are present in all digital I1Cs, and
which may not show on data-sheet schematics. In general,
each transistor in the circuit also has a diode connected
from its collector to the ground terminal. The polarity of
the diode is such that it is normally reverse biased (anode
connected to ground), but this situation can be reversed if
an attempt is made to pull an output below ground.

Likewise, a diode is usually present between any resistor
and the power-supply terminal. (Cathode of the diode
connected to power supply.) Thus, an attempt to increase
the output voltage of a circuit with passive resistor pullup
to a potential greater than the supply voltage can result in
excessive current. [

Author’s Biography .

Bob Burlingame has been a member
of Motorola Semiconductor’s Com-
puter Applications Staff for six years
where he has worked with all types
of saturated logic products. He re-
ceived a BSEE degree from Wichita
State University in 1962.

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L61

25



it costs S9.
2DA hias,

TO-5 can.

6"/“ sec Standard 8-lead

Pin compatible with
101A, 709, 740, 741. ..

Think

Free sample
available from
distributors.

Intersil 8007
FET-input
op amp.

of the places
you can

EDN/EEE FEBRUARY &5, 11972



For instance.

Here's an op amp that's price competitive
with the 101A, the 709, 740 and the 741.
In its TO-5 can it's pin compatible with
them all—and not a bit bigger.

But in performance it stands tall among
the large complex modules.

It's the perfect answer for when 100kQ to
500kQ source impedances make ampli-
fier input currents marginal, but price
constraints force you to use a low cost
bipolar op amp.

surprise!

It's a FET-input op amp, the Intersil 8007.
It costs only $5.00 in 100-piece quantities,
and has a typical input bias of 2pA.
(Model 8007A is available with |s down
to 1pA max.) It has a 6V/usec slew rate
(@Ac =+1) and internal frequency com-
pensation.

Get one iree.

Try it. Ask your Intersil distributor for a
sample 8007 op amp. Discover the
superb performance and design freedom
it gives you compared to a marginal
bipolar. Or use it instead of a big expen-
sive module and save both dollars and
real estate.

What you need in analog.

Remember the company that put it all
together in analog technology. Intersil.
10900 N.Tantau Ave., Cupertino, CA 95014.

Intersil stocking distributors. Schweber
Electronics; Century Electronics: Semi-
conductor Specialists; DeMambro Elec-
tronics; R. V. Weatherford Co.

Intersil area sales offices. Los Angeles
(213) 370-5766:; Metropolitan New York
(201) 567-5585; Minneapolis (612) 925-
1844; San Francisco Bay Area (408)
257-5450.

Overseas representatives. Clichy, France:
Tranchant Electronique. Amsterdam,
Holland: Klaasing Electronics. Tokyo,
Japan: Internix. Zurich, Switzerland: Laser
& Electronic Equipment. London, U. K.:
Tranchant Electronique. Munich, West
Germany: Spezial Electronics.

U. S. representatives in all major cities.
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For high-frequency communications
equipment use balanced modulators

You can get linear operation as well as large signal-handling capabilities.
This basic building block also serves as a detector, mixer and frequency doubler.
Roy Hejhall, Motorola, Inc., Semiconductor Products Div.

There are many requirements in high-frequency communi-
cations equipment for circuits having outputs proportional
to the product of the input voltages. These include modu-
lators, demodulators, detectors, mixers and frequency
doublers. Most circuits used to perform these functions
suffer from problems such as nonlinear gain change, poor
signal-handling capability or temperature drift. And trans-
formers are usually required.

By using the properties of a differential amplifier, a
broadband, linear, temperature-stable balanced modulator
circuit can be built using only standard 1C’s. In addition to
its basic application as a double-sideband suppressed-car-
rier balanced modulator, the circuit can be used as a
building block for SSB product detectors, AM, FM and fre-
quency detectors, mixers and frequency doublers operat-
ing at frequencies up to UHF.

The design of any of these circuits requires a knowledge
of the properties of differential amplifiers and the basic
modulator circuit.

The basic modulator

The basic balanced modulator circuit, Fig. 1, consists of
three differential amplifiers (Q,-Q,, Q,-Q, and Q.-Q,) and
a pair of constant-current sources. Individual differential
amplifiers, pairs of differential amplifiers and even the
complete modulator of Fig. 1 are available in IC form. So,
for purposes of the analysis, the following assumptions
have been made for simplification: (1) devices of similar
geometry within a monolithic chip are assumed identical
and matched where necessary, and (2) transistor base cur-
rents are ignored with respect to the magnitude of collec-
tor currents; therefore, collector and emitter currents are
assumed equal.

The analysis of operation of the circuit is based on the
ability of the device to deliver an output which is propor-
tional to the product of the input voltages V, and V,. This
holds true when the magnitudes of V, and V, are main-
tained within the limits of linear operation of the three dif-
ferential amplifiers in the device. Expressed mathematical-
ly, the output voltage (actually output current, which is
converted to an output voltage by an external load resis-
tance), V, is given by

’ M

where the constant K may be adjusted by choice of exter-
nal components.

Operation consists of applying a high-level input signal
to the dual differential amplifiers, Q1, Q2, Q3, and Q4,
(carrier input port) and a low-level input signal to the
lower differential amplifier, Q5 and Q6, (modulating sig-
nal input port). This results in saturated switching opera-

28
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Fig. 1—The basic modulator configuration can be used for a
wide variety of communications applications. The constant-cur-
rent source can be either a common base or common emitter am-
plifier. The output voltage V,, is KV V, where K is a function of R .

tion of the carrier, dual differential ampliers, and linear
operation of the modulating differential amplifiers.

The resulting output signal contains only the sum and
difference frequency components and amplitude informa-
tion of the modulating signal. For sine wave inputs where
Vyand V, are E, cos w,t and E, cos w,t, respectively, the
output, V,, is KE_E cos (@, + )t + cos (w, — w)t.

The carrier input differential amplifiers have no emitter
degeneration. Therefore, the carrier input levels for linear
and saturated operation are readily calculated. The cross-
over point is in the vicinity of 15-20 mV rms, with linear
operation below this level and saturated operation above
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it. This permits selection of emitter degeneration resistance
(R,) and thereby tailoring of the linear dynamic range of
the modulating-signal input port to a particular require-
ment. This resistor also determines device gain.

The approximate maximum level of modulating signal
input for linear operation is given by

V,, (peak) = I, R, (2)

Since base currents were assumed to be zero and transis-
tors identical,

=1 (3)
Therefore, Equation 2 becomes
V, (peak) = I, R, (4)

Device voltage gain (single-ended output with respect to
modulating signal input) is given by the expression

i By (5)
¥R, (m)
h f = e*”l _eI"
where f(m) 1 +emad +em and
= Vi
Tk
Q

and K is Boltzmann’s constant, T is the temperature in
degrees Kelvin, and q is the electron charge. f(m) may be
approximated for the two general cases of high- and low-
level carrier operation.

For the high-level case (V, > 100 mV peak):

The low-level case (V, < 50mV peak) is given by:

f(m) =~ — (8)

R
therefore A, = ﬁ 9)
x

These expressions assume the condition R, >>r,, where
r, is the dynamic emitter resistance of transistors Q, and
Q; When |, =1 mA, r,is approximately 26 ohms at room
temperature.

There are numerous applications where it is desirable to
set R, equal to some low value or zero. For this condition,
Equations 7 and 9 can be expanded to the more general
form:

R
igh-level V,: A, =~ —————
high-level V,: A, 2R, + 2r)
low-level V,: AV = Rim
ow-level V,: 2R, + 2r)

Let's look at several applications using this basic circuit
configuration. For all applications described, the circuit of
Fig. 1 is used with the bias current | (I,) set at T mA. For
purpose of illustration the Motorola MC1596 IC is used.

Balanced modulator

Fig. 2 shows the MC 1596 in a balanced modulator cir-
cuit operating with +12 and —8 volt supplies. Excellent
gain and carrier suppression can be obtained with this cir-
cuit by operating the upper (carrier) differential amplifiers
at a saturated level and the lower differential amplifier in a

D) (& linear mode. The recommended input signal levels are 60
and A, = R_’ (7) mV rms for the carrier and 300 mV rms for the maximum
Ry modulating signal levels.
1k 1Kk Q +12Vdc

- 51
CARRIER
INPUT
Ve O—)l L2

I DSB
0.1 OUTPUT
MODULATING
SIGNAL
INPUT

CARRIER NULL

__________ J — _ Mc15966

Vs O >
10k
10k 51 :
50k Lo stpw o

5
6.8k

Fig. 2—When used as a balanced modulator, excellent carrier
suppression can be obtained by operating the upper (carrier) dif-

ferential amplifiers at a saturated level and the lower differential
amplifier in a linear mode.



The modulating signal must be kept at a level sufficient
to insure linear operation of lower differential amplifier Q.-
Q, If the signal input level is too high, harmonics of the
modulating signal are generated and appear in the output
as spurious sidebands of the suppressed carrier. For a max-
imum modulating signal input of 300 mV rms, the sup-
pression of these spurious sidebands is typically 55 dB at a
carrier frequency of 500 kHz.

Operating with a high-level carrier input has the advan-
tages of maximizing device gain and insuring that any
amplitude variations present on the carrier do not appear
on the output sidebands. It has the disadvantage, though,
of increasing some of the spurious signals.

Fourier analysis for a 50-percent duty cycle switching
waveform at the carrier differential amplifiers predicts no
even harmonics of the carrier. However, the second har-
monic of the carrier is suppressed only about 20 dB in the
LF and HF range with a 60 mV carrier injection level,
apparently due to factors such as the waveform not being
a perfect square wave and slight mismatch between tran-
sistors. If the sine-wave carrier signal is replaced with a
300 mV peak-to-peak square wave, an additional 15 dB of
carrier second-harmonic suppression is achieved. Attempt-
ing to accomplish the same result by increasing carrier
sine-wave amplitude degrades carrier suppression due to
additional carrier feedthrough with, however, no increase
in the desired sideband output levels.

Operation of the carrier differential amplifiers in a linear
mode theoretically should produce only the desired side-
bands with no spurious outputs. Such linear operation is
achieved by reducing the carrier input level to 15 mV rms
or less. This mode of operation does reduce spurious out-
put levels significantly.

Ihe decision to operate with a low- or high-level carrier
input would of course depend on the application. For a

typical filter-type SSB generator, the filter would remove
all spurious outputs except some spurious sidebands of the
carrier. For this reason, operation with a high-level carrier
would probably be selected to maximize gain and insure
that the desired sideband does not contain any spurious
amplitude variations present on the carrier input signal.

On the other hand, in a low-frequency, broadband bal-
anced modulator, spurious outputs at any frequency may
be undesirable and low-level carrier operation may be the
best choice.

Good carrier suppression over a wide temperature range
requires low dc resistances between the bases of the lower
differential amplifier (pins 1 and 4) and ground. The values
of these resistors should not be increased significantly
higher than the 51 ohms used in the circuits of Fig. 2 in
applications where carrier suppression is important over
the' full operating temperature range of —55 degrees
C to +125 degrees C. Where operation is to be over a lim-
ited temperature range, resistance values of up to the low
kilohm range may be used.

Amplitude modulator

The balanced modulator circuit shown in Fig. 2 will
function as an amplitude modulator with just one minor
modification. All that is necessary is to unbalance the car-
rier null to insert the proper amount of carrier into the
output signal. However, the null circuitry used for bal-
anced modulator operation does not provide sufficient
adjustment range and must be modified. This involves
changing the 10 k() resistor to 750 ().

Product detector

Fig. 3 shows the circuit in an SSB product detector con-
figuration. For this application, all frequencies except the
desired demodulated audio are in the RF spectrum and
can be easily filtered in the output. As a result, the carrier

1K

820 1.3K

+12 Vdc

CARRIER
INPUT O——t—]
300 MV RMS 8

MC1596G

6
[Tel
(=3
o
IS)
1K !
— (0 Ar outPUT
R> 10K
Toos :I_:o.oos

10K

Fig. 3—No transformers or tuned circuits are required in
this SSB product detector. All frequencies except the desired
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demodulated audio output are filtered in the output cir-
cuit. Thus, carrier null adjustment is not needed.
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null adjustment need not be included.

Upper differential amplifiers, Q, - Q, and Q, - Q,, are
again driven with a high-level signal. Since carrier output
level is not important in this application (carrier is filtered
in the output), carrier input level is not critical. A high-
level carrier input is desirable to maximize gain of the de-
tector and to remove any carrier amplitude variations from
the output. The circuit of Fig. 3 performs well with a car-
rier input level of 100 to 500 mV rms.

The modulated signal (single-sideband, suppressed car-
rier) input level to the differential amplifier pair Q, - Q, is
maintained within the limits of linear operation. Excellent
linearity and undistorted audio output may be achieved
with an SSB input signal level range up to 100 mV rmes.
Again, no transformers or tuned circuits are required for
product detector performance from very low frequencies
up to 100 MHz.

AM detector

The product detector circuit of Fig. 3 may also be used
as an AM detector. The modulated signal is applied to the
upper differential amplifiers while the carrier signal is ap-

generated as the signal falls below 50 mV during modula-
tion valleys, but it will probably not be significant in most
applications.

Mixer

Since the modulator circuit generates an output signal
consisting of the sum and difference frequencies of the
two input signals only, it can also be used as a double
balanced mixer.

Fig. 4 shows the circuit used as a high-frequency mixer
with a broadband input and a tuned output at 9 MHz. The
3 dB bandwidth of the 9 MHz output tank is 450 kHz.

The local oscillator signal is injected at the upper input
port at a level of 100 mV rms. The modulated signal is in-
jected at the lower input port with a maximum level of
about 15 mV rms. Note that for maximum conversion gain
and sensitivity the external emitter resistance on the lower

differential amplifier pair has been reduced to zero.

For a 30-MHz input signal and a 39-MHz local oscilla-
tor (LO), the mixer has a conversion gain of 13 dB and an
input signal sensitivity of 7.5 microvolts for a 10 dB
S + N/N ratio in the 9-MHz output signal. With a signal

1k 1k

T +8Vdc

“MA

RFC
100 H
2 3

9MHz
2 0.001 9.5uH OuTPUT
—O0— R.=500
L1
MC1596G 5-80 90-480
- - =

NULL ADJUST

0.001 %['

- 51
" 7
LO INPUT ° :
100my O—¢ & o—y

RMS 0.001
1
RF O 3 ® o——
INPUT 4
51 10k 51 10
10k
= 50k

L1=44 TURNS #28 ENAMELED WIRE WOUND
ON MICROMETALS TYPE 44-6 TOROID CORE

Fig. 4 —The basic circuit will operate as a double balanced mixer
since it generates an output containing the sum and difference

plied to the lower differential amplifier.

Ideally, a constant-amplitude carrier signal would be
obtained by passing the modulated signal through a limiter
ahead of the carrier input terminals. However, if the upper
input signal is at a high enough level (>50 mV), its ampli-
tude variations do not appear in the output signal. For this
reason it is possible to use the product detector circuit
shown in Fig. 3 as an AM detector simply by applying the
modulated signal to both inputs at a level of about 600
mV on modulation peaks without using a limiter ahead of
the carrier input port. A small amount of distortion will be

frequencies of the two input signals. The configuration shown is
tuned for a 9 MHz output.

input level of 20 mV, the highest spurious output signal is
at 78 MHz (2 f, ), and it is better than 30 dB below the
desired 9-MHz output. All other spurious outputs are
down more than 50 dB.

As the input is broadband, the mixer may be operated at
any HF and VHF input frequencies. The same circuit was
operated with a 200-MHz input signal and a 209-MHz
LO. At this frequency, the circuit had 9-dB conversion
gain and a 14V sensitivity.

Greater conversion gains can be achieved by using
tuned circuits with impedance matching on the signal
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Fig. 5—A frequency doubler is easily built by injecting the same
signal into both input ports. This circuit can be used at frequen-

input port. Since the input impedance of the lower input
port is considerably higher than 50 ohms, even with zero
emitter resistance, most of the signal input power in the
broadband configuration shown is being dissipated in the
50-ohm resistor at the input port.

The circuit shown has the advantage of a broadband
input, combined with simplicity and reasonable conver-
sion gain. If greater conversion gain is desired, impedance
matching at the signal input is recommended.

The nulling circuit (the two 10 kQ resistors and 50 k£
potentiometer) permits nulling of the local oscillator signal
and results in a few dB additional local oscillator suppres-
sion in the mixer output.

Doubler

The basic circuit functions as a frequency doubler when
the same signal is injected in both input ports. Since the
output signal contains only o, * w, frequency compo-
nents, there will be only a single output frequency at 2w,
when o, = w,

For operation as a broadband low-frequency doubler,
the balanced modulator circuit of Fig. 2 need be modified
only by adding ac coupling between the two input ports
and reducing the lower differential amplifier emitter resis-
tance between pins 2 and 3 to zero. The latter modification
increases the circuit sensitivity and doubler gain.

cies up to 1 MHz with spurious outputs more than 30 dB below
zk. ’

A low-frequency doubler with these modifications is
shown in Fig. 5. This circuit will double in the audio and
low frequency range below 1 MHz, with all spurious out-
puts greater than 30 dB below the desired 2f,, output
signal.

For optimum output-signal spectral purity, both upper
and lower differential amplifiers should be operated within
their linear ranges. This corresponds to a maximum input
signal level of 15 mV rms for the circuit shown in Fig. 5.

If greater signal handling capability is desired, the cir-
cuit may be modified by using a 1000-ohm resistance
between pins 2 and 3 and a 10:1 voltage divider to reduce
the input signal at the upper port to 1/10 the signal level at
the lower port. @
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Only $8.50in 100’s.

Philbrick’s 1421 FET operational amplifier is a guar-

anteed performer. Low bias current: less than SOpA guaranteed.
High output current: +=10mA guaranteed. High CMRR: 4000
guaranteed. Common-mode voltage range: +12V guaranteed. Unity-
gain frequency: 1 MHz guaranteed.

These guarantees (and more) are all yours in a single
TO-99 can. Attractive quantity discounts apply. Models 1421/01
and 1421/02 are the operational amplifiers with even tighter specs
for more sophisticated applications.

And remember to power up with Philbrick Power
Supplies for best performance.

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.

The good ones.

CIRCLE NO. 13

Philbrick Operational Amplifiers
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The ABC'’s

of asynchronous data transmission.

Equipment requirements for digital data transmission can be reduced using this

technique. But be careful of the limitations.

Ralph K. Ungermann, Western Digital Corp.

The transfer of digital data over relatively long distances is
generally accomplished by sending the data in serial form
through a single communications channel using one of
two general transmission techniques: asynchronous or
synchronous. For many applications transmission equip-
ment requirements are greatly reduced if asynchronous
transmission is used. And with asynchronous transmission,
characters need not be contiguous in time, but are trans-
mitted as they become available. This is a particularly val-
uable feature when transmitting data from manual entry
devices, such as a keyboard.

To take full advantage of the features of asynchronous
data transmission, though, the designer must have an un-
derstanding of the operation and limitations of both syn-
chronous and asynchronous transmission techniques.

Synchronous transmission uses only one clock

Synchronous data transmission requires that a clock sig-
nal be transmitted with the data in order to mark the loca-
tion of the data bits for the receiver. A specified clock tran-
sition (either rising or falling) marks the start of each data
bit interval, as shown in Fig. 1. In addition, special syn-
chronization data patterns are added to the start of the
transmission in order for the receiver to locate the first bit
of the message. With synchronous transmission, each data
bit must follow contiguously after the synch word, since
one data bit is assumed for every clock period.

With asynchronous transmission, a clock signal is not
transmitted with the data and the data bits need not be
contiguous. In order for the receiver to properly recover
the message, the bits are grouped into data characters
(generally from 5 to 8 bits in length) and synchronizing
start and stop elements are added to each character, as
shown in Fig. 2.

The start element is a single logic ZERO (space) data bit

that is added to the front of each character. The stop ele-
ment is a logic ONE (mark) that is added to the end of
each character. The stop element is maintained until the
next data character is ready to be transmitted. (Asynchron-
ous transmission is often referred to as start-stop transmis-
sion for obvious reasons). Although there is no upper limit
to the length of the stop element, there is a lower limit that
depends on the system characteristics. Typical lower limits
are 1.0, 1.42 or 2.0 data bit intervals, although most mod-
ern systems use 1.0 or 2.0 The negative going transition of
the start element defines the location of the data bits in
one character. A clock source at the receiver is reset by
this transition and is used to locate the center of each
data bit.

The rate at which asynchronous data is transmitted is
usually measured in bauds, where baud is defined to be the
reciprocal of the shortest signal element (usually one data
bit interval). It is interesting to note that the variable stop
length is what makes the baud rate differ from the bit rate.
For synchronous transmission, each element is one bit in
length so that the baud rate equals the bit rate. The same is
true for asynchronous transmission if the stop element is
always one bit in duration (this is referred to as isochron-
ous transmission). However, when the stop code is longer
than one bit, as shown in Fig. 3, the baud rate differs from
the bit rate.

Each character in Fig. 3 is 11 data bit intervals in length,
and if 15 characters are transmitted per second, then the
shortest signal element (one data bit interval) is 66.6
msec/11 = 6.06 msec; giving a rate of 1/6.06 ms or 165
baud. However, since only 10 bits of information (8 data
bits, one start bit and 1 stop bit) are transmitted every 66.6
msec, the bit rate is 150 bit/sec. Even though the stop
element lasts for two data intervals, it still is only one bit of
the total information being transmitted.

ONE DATA BIT INTERVAL

BERAREENPRERE Rt gt ag e Carple i et v 6y RN .

CLOCK SIGNAL

T ek S 3

e

TYPICAL 8 BIT
SYNC PATTERN

FIRST DATA BIT

| 1 |

DATA SIGNAL

FIG. 1
SYNCHRONOUS DATA

Fig. 1—Synchronous data transmission requires that a clock signal be transmitted with the data to mark the location of the data bits for
the receiver. Special synchronization patterns are added to the start of the transmission to indicate the location of the first bit.
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STOP ELEMENT

STOP ELEMENT

L T

A

START ONE 8 BIT
ELEMENT CHARACTER
(11001000)

ASYNCHRONOUS DATA

il

START ONE 8 BIT
ELEMENT CHARACTER
(00100000)

FIG. 2

Fig. 2—With asynchronous data transmission data bits are grouped into fixed-length characters and synchronizing start and stop ele-
ments are added to each character. A clock signal is not transmitted with the data but an independent clock is required at the receiver.

START ELEMENT
(ONE DATA BIT INTERVAL)

STOP ELEMENT
(TWO DATA BIT INTERVALS)

6.06 msec

= ﬂ e
e SRR St
L"i FIG.3

Fig. 3—Baud, the data transmission rate, differs from the bit rate if any of the signal elements are longer than one bit interval. As shown,
each character is 11 data bit intervals in length but only 10 bits of information are transmitted every 66.6 msec.

Asynchronous transmission requires two clocks

There are several reasons for using asynchronous trans-
mission. The major reason is that since a clock signal need
not be transmitted with the data, transmission equipment
requirements are greatly simplified. Note, however, that
an independent clock source is still required at both the
transmitter and receiver.

The major disadvantage of asynchronous transmission is
that it requires a very large portion of the communication
channel bandwidth for the synchronizing start and stop
elements (a much smaller portion of the bandwidth is re-
quired for the synch words in synchronous transmission).

Asynchronous transmission over a simple twisted-wire
pair can be accomplished at moderately high baud rates
(10k baud or higher depending on the length of the wire,
type of line drivers, etc.), while it is generally limited to
approximately 2k baud over the telephone network. When
operating over the telephone network, a modem is re-
quired to convert the data pulses to tones that can be
transmitted through the network.

Signal distortion limits transmission speed

One of the major limiting factors in the speed of asyn-
chronous transmission is the distortion of the signal ele-
ments. Distortion is defined as the time displacement be-
tween the actual signal level transition and the nominal

transition (A), divided by the nominal data bit interval.

The nominal data bit interval is equal to the reciprocal
of the nominal transmission baud rate, and all data transi-
tions should ideally occur at an integer number of inter-
vals from the negative going transition of the start bit. Ac-
tual data transitions may not occur at these nominal points
in time, as shown in the lower waveform of Fig. 4. The
distortion of any bit transition is equal to (A) multiplied by
the nominal baud rate.

This distortion is generally caused by frequency jitter
and frequency offset in the clock source used to generate
the actual waveform, as well as transmission channel
noise, etc. Thus, the amount of distortion that can be ex-
pected on any asynchronous signal depends on the device
used to generate the signal and the characteristics of the
communication channel over which it was sent. Electronic
signal generators can be held to less than 1% distortion,
while electromechanical devices (such as a teleprinter)
typically generate up to 20% distortion. The transmission
channel may typically add an additional 5% to 15% dis-
tortion.

The distortion previously described referred only to a
single character, as all measurements were referenced to
the start element transition of that character. However,
there may also be distortion between characters when
operating at the maximum possible baud rate (i.e., stop
elements are of minimum length). This type of distortion is
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Fig. 4 — Distortion of the signal elements is one of the major limiting factors in the speed of asynchronous transmission. Frequency jitter
and offset in the clock source and transmission channel noise are the main distortion sources.
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Fig. 5—The minimum character interval distortion is important when operating at the maximum data transmission rates. This parameter
is important since the receiver must be prepared to detect the next start bit transition after the minimum character interval.

usually measured by the minimum character interval, as
shown in Fig. 5.

The minimum character interval distortion is generally
specified as the percentage of a nominal data bit interval
that any character interval may be shortened from its nom-
inal length. Since many of the same parameters that cause
distortion of the data bits are also responsible for the char-
acter length distortion, the two distortions are often equal.
However, some systems may exhibit character interval dis-
tortions of up to 50% of a data bit interval. This parameter
is important when operating at the maximum baud rate,
since the receiver must be prepared to detect the next
start-bit transition after the minimum interval.

Asynchronous receivers operate by locating the nominal
center of the data bits as measured from the negative-
going transition of the start bit. However, due to receiver
inaccuracies, the exact center may not be properly lo-
cated. %

In electromechanical devices such as teleprinters, the
inaccuracy may be due to mechanical tolerances or varia-
tions in the power-line frequency. With electronic receiv-
ers, the inaccuracies are due to frequency offset, jitter and
resolution of the clock source used to find the bit centers.
(The bit centers are located by counting clock pulses). For
example, even if the receiver clock had no jitter or offset,
and it was 16 times the baud rate, then the center of the
bit could only be located within 1/16 of a bit interval (or
6.25%) due to clock resolution. However, by properly

phasing the clock, this tolerance can be adjusted so that
the sample will always be within 1/16 of a bit interval (or
6.25% due to clock resolution). But, by properly phasing
the clock, this tolerance can be adjusted so that the sam-
ple will always be within £3.125% of the bit center.

Thus, signals with up to 46.875% distortion could be
received. This number (the allowable receiver input distor-
tion) is often referred to as the receiver distortion margin.
Electromechanical receivers have distortion margins of 25
to 30%. The receiver must also be prepared to accept a
new character after the minimum character interval. Most
receivers are specified to operate with a minimum charac-
ter interval distortion of 50%.
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GTE Sylvania and
Hudson Lamp

have joined forces

SO our salesmen are
coming on
twice as strong

Now that Hudson is part
of the GTE Sylvania miniature
lamp family you can say goodbye
tomulti-source buying, hello,
single-salesman convenience. With
GTE Sylvania T-2 slide base lamps
and Hudson Lamp Company
miniature incandescent lamps
togetherin one product line, one
calldoesit all. And fast.

Just name your
application, and thelighting
product youneed is here in one of
theindustry’s broadest lines of
lighting products. But seeing is
believing. So ask your Sylvania,/
Hudson salesman to show you the

sub-miniature,
micro-miniature
and automotive
lamps that have
just joined the
Sylvania family
of T-2 slide base
lamps and
assocliated hardware.
And don’t be surprised if he boasts
alittle. With all the more quality
tosell, our network of
representativesiscoming
on proud.

Check the list below for
name of your nearest
representative.
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A SUBSIDIARY OF
GTE SYLVANIA INCORPORATED

526 EIm Street
Kearny, N. J. 07032
(201) 997-1850

Hudson miniature, SyLVANIA

West Main Street
Hillsboro, N. H. 03244
(603) 464-5533

ARIZONA, Hamilton Rep., Tuscon (602) 297-2279 « CALIF. (Northern), W. W. Posey Company, Los Altos (415) 948-7771 « CALIF. (Southern), WESTREP, Pico
Rivera (213) 949-2551 « COLORADO, Arrowhead Sales Corp., Broomfield (303) 222-6462 « CONNECTICUT,Coakley, Boyd & Abbett, Waterbury (203) 756-8766
FLORIDA, Hutto, Hawkins, Peregoy, Maitland (305) 831-2474 = Hutto, Hawkins, Peregoy, Pompano Beach (305) 943-9593 « Hutto, Hawkins, Peregoy, Tampa
(813) 932-1800 « ILLINOIS, George E .Finnegan, Oak Park (312) 383-9098 « INDIANA, Southern Sales Corp., Indianapolis (317) 253-3359 « KANSAS, L. R. Harry
& Assoc., Grandview, Mo. (816) 763-3634 « MASSACHUSETTS, Coakley, Boyd & Abbett, Needham (617) 444-5470 « MICHIGAN (Western), R. O. Whitesell &
Assoc., St. Joseph (616) 983-7337 « MICHIGAN (Eastern), R. O. Whitesell & Assoc., Southfield (313) 358-2020 » MICHIGAN (Central), R. O. Whitesell & Assoc.,
Grand Rapids (616) 451-8901 » MINNESOTA, Erv Stoss Assoc., Inc., Minneapolis (612) 925-2757 « MISSOURI, L. R. Harry & Assoc., St. Louis (314) 872-3183
NEW YORK (Upstate), Fowler Beach Corp., Rochester (716) 586-0468 « NEW YORK (Metro), Hudson Lamp Company, Kearny, N. J. (201) 997-1850 « OHIO (South-
ern), R. O. Whitesell & Assoc., Cincinnati (513) 521-2290 « OHIO (Northern), R. O. Whitesell & Assoc., Cleveland (216) 333-2585 « OHIO (Central), R. O. Whitesell
& Assoc., Dayton (513) 298-9546 « PENNSYLVANIA (Eastern), Shelmar Electronics Corp., Glenside (215) 885-0800 « PENNSYLVANIA (Western), R. O. Whitesell &
Assoc., Pittsburgh (412) 242-0100 « TENNESSEE, R. O. Whitesell & Assoc., Bristol (615) 968-4195 « TEXAS, Jack Yount Company, Dallas (214) 391-4125 « UTAH,
Arrowhead Sales Corp., Salt Lake City (801) 487-3444 « WASHINGTON, Blum & Associates, Seattle (206) 782-1600 « WISCONSIN, F. C. Du Bois & Assoc.,
Milwaukee (414) 774-3100
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How to enter

Any reader of EDN/EEE may en-
ter this contest. All you need do is
study the January 1, 1972 issue
of EDN/EEE very carefully...then
set your imagination at work on
designing a new device or circuit
using the products advertised.
Send schematics, drawings, dia-
grams, etc. to:

EDN/EEE

Design Contest

221 Columbus Avenue
Boston, Mass. 02116

Your entry must be sent by March
1st, 1972.
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How your entry will be judged

All entries will be judged by
the Publisher and editors of
EDN/EEE on the basis of 3
criteria:

O

EDN/EEE

keep working at it

Now that you've seen the January 1
issue of EDN/EEE, you're probably working
hard on your entry. Keep at it!

1. Technical competence and
utility
Is the design real . .. will it work?

2. Creative imagination

How unique and original is your
idea? Does it perform a much
needed function? Is it a source of
fun! Will other designers get a
real charge out of it?

3. Number of different
advertised products used

Have you really studied the Jan-
uary 1st, 1972 issue of EDN/EEE.
Have you imaginatively used com-
ponents throughout the design?
The more advertised products
your design uses, the greater is
your chance of winning.

Cahners Publishing Company, Inc.
221 Columbus Avenue, Boston, Mass. 02116

@

Here are the prizes

1st prize:
$1,000 cash money

10 2nd prizes:
Portable
electronic
calculators IS
worth $400 each. | A

Contest details

Any reader of EDN/EEE may
enter. Contest is not open to
employees of Cahners Publishing
Co. or their families. All entries
becomethe property of EDN/EEE.
YOUR ENTRY MUST BE POST-
MARKED NO LATER THAN
MIDNIGHT, MARCH 1, 1972.
Results will be announced and
winning entries described in a
later issue of EDN/EEE.
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[-LINE MICROWAVE
PIN DIODES

Choose the best
and still pay less for your
microwave switching needs

You can now select capacitance, resistance and
. carrier lifetime and get circuit optimization
0‘4\6‘2-0 \ S at the industry’s lowest prices. These new 100V PIN diodes from Unitrode
mﬁ'@” all feature low distortion and low insertion loss for microwave applications
such as TR switches, antenna selectors, receiver channel selectors,
switching matrices and attenuators in AGC circuits. They're available off the shelf
at your local Unitrode distributor. Samples on request.
For fast action, call Sales Engineering collect at (617) 926-0404,
Unitrode Corporation, Dept. 2Z , 580 Pleasant Street, Watertown, Mass. 02172

|

mmmm N T RO D E quality takes the worry out of paying less.
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Two switching regulators
for battery-powered systems

Here’s how two different designers solved the problem of supplying regulated
voltage to low-level circuits without wasting power in the process.

S. W. Billingsley, NASA, and Jeff Schlageter, Fairchild Semiconductor

Designing power supplies for modern micropower systems
has become quite a problem. The challenge is to devise a
power suppply that does not dissipate more power than
the circuitry it is feeding. The problem becomes apparent
when you examine the stand-by power needs of the mod-
ern MOS logic families that are being used for micropower
logic systems.

Nowadays, a low-power logic system often means a sys-
tem of the complexity of a small minicomputer (1000
gates) that consumes only milliamperes of current at low
voltages. The system may comsume more power when
handling bursts of data, but when idling its power con-
sumption may be even less. These low power consuma-
tion rates are due to the increased use of dynamic four-
phase MOS and complementary MOS (CMOS) logic.
There are also some low-power linear circuits, such as the
Fairchild 776 and the Solitron UC4250C op amps.

The obvious answer is to use switching-regulator power
supplies. However, not any switching regulator will do.
The switching regulator itself should have the simplicity to
maintain the high system reliability desired of these low-
power systems, and it should not internally drain more
power than it supplies. Fortunately, the most popular of
the low-power logic, CMOS, has such a high noise immu-
nity that it can often be used with just a bare switching

regulator; it does not need to be followed with a series-
pass regulator for clean-up filtering.

The two switching-regulator circuits shown come from
space and military applications, respectively. The first is
for a NASA scientific satellite that is still operating in orbit
after three years. The second is a Fairchild design for an
air-dropped intrusion detector intended for Asian warfare.
Though neither of these applications involved the extreme
case we have cited of powering a complete CMOS mini-
computer, the designers say the design goals were similar.

Both applications used a battery for the source of pow-
er. This, however, should not make them less interesting
for ordinary applications.

Both these circuits had to regulate against wide varia-
tions in battery voltage. They did this well, as it is one of
the virtues of switching regulators to “losslessly’”” drop
voltage. The voltage on the NASA satellite’s battery could
rise to as much as 40V when it was recharged by sunlight
on the vehicle’s solar cells. But when in the cold of the
earth’s shadow, the battery’s voltage could drop as low as
23V. The intrusion detector’s battery might start out fresh
at 32V, but two months later, at the end of its life, it might
drop to just 20V. The regulation problem is compounded
in remote systems like these by the large voltage drops that
occur when the radio transmitters are turned on.

s Y
b) CKTS

with discrete components packaged in cordwood configuration.

Fig. 1 —The satellite switching regulator (a) is part of a power supply that has been used for such applications as the Earth magnetic field
experiment that is partially shown in (b). Because this is a low-volume product, but one that must be compact, it is often made as shown,

P.S.
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For a long-life scientific satellite

A satellite’s power supply should be efficient but it
should also be reliable. The key to reliability in the switch-
ing regulator design of Fig. 2 is the use of a simple Zener
diode as both level detector and trigger. The diode speci-
fied has a very sharp breakdown knee in its reverse I-vs-V
curve. It provides the sharp switching action that would
otherwise demand a Schmitt trigger. Another advantage in
using this Zener is that its temperature coefficient is the

matching opposite of transistor Q,’s V.

Operation: The regulator’s start up is initialized by Zener
D, breaking down. This supplies the turn-on current for Q,
by way of R,, R, and R,. When Q, turns ON, Q, and Q, are
also driven hard ON, passing charging current for C,
through L, until Q, turns OFF again. Q, turns OFF when the
voltage at the junction of R, and R, exceeds the combined
voltage of zener D, and the V,, of Q,. This condition may

R9
3300
AAA- ’}_
04 D3
v ut aN5322  IN966B +20-40V
D2
IN5615
R8
1K * METAL FILM (RATIO OF
N AAA
i * R1 TO R2 SET FOR T.C.
o OF D1
2N2605 3.9K
T L1=200 TURNS OF #31
WIRE ON MAGNETICS INC.
R6 55050-A2 MOLY-
b1 ?/ R4 S 15K PERMALLOY CORE
39K RS
LVA356A 30K
VAN Q2
lSseo
R3 2N2973 -: .22 ufd
5.1K 100V
Q1
COMM. MR L RETURN
*—— ®
Fig. 2—Satellite switching regulator circuit owes its simplicity to diode D,, a zener that provides both voltage reference and triggering
functions.
Vv OuT
+15V
< . ]
+
al
-‘~
R4
20K
° & * .
COMM. RETURN

be calculated by:

%

out

Mokt Ve
= R+ R) (S=)

9

With Q, ON, Q,, Q, and Q, shut OFF. When Q, switch-
es OFF, inductor L, begins to transfer its energy to capacitor
C,, with commutating diode D, completing the charging
path. Q, will be turned ON and OFF in an oscillatory man-
ner as the charge on C, varies about the level-detection
threshold, in the typical manner of this form of LC switching

Fig. 3— An even simpler version of the satellite regulator, this circuit eliminates a driver transistor. However, it has about 3% less efficiency.

regulator.

A nice feature of this design is that it is easy to provide
over-load protection by selecting R, so that the start up
won't occur if the load current exceeds a predetermined
value.

The graphs of Fig. 4, a, b and ¢, show the performance
achieved by this design. Note that for input voltages around
the nominal 28V of satellite systems and at 250 mA load
current, the efficiency is well over 85%. Meanwhile, the
quiescent current drain is only 1-1/2 mA.

If some circuit efficiency can be sacrificed, the even sim-
pler circuit of Fig. 3 may be used. The efficiency of this cir-
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Fig. 4—Performance curves for the NASA satellite switching regulator show that efficiency is highest at low input (battery) voltages and
high loads. At very high input voltages both the regulation and the efficiency suffers. These curves also show that the ripple is not exces-

sive and the temperature stability is quite respectable.

cuit is about 3% less than that of the more complex version
of Fig. 2. Another alternative would be to use a higher
switching frequency to make the L and C components (es-
pecially L,) smaller. The frequency could be raised two or
three times higher than 20 kHz before the switching losses
of the critical transistor, Q,, became excessive. The
2N5322 has a 50-nsec switching speed.

Tests: This regulator was put through a year’s testing pro-
gram that included vacuum-chamber and temperature-
chamber cycling. One test, devised especially for this cir-
cuit, checked starting reliability. NASA wanted to be sure
that the regulator would restart itself if for some reason
there was a temporary loss of battery voltage. This off-on
cycling verified what had been previously determined in
analysis —that the regulator would not get ““hung-up” in

either its ON or OFF state — even when subjected to repeat-
ed shut downs and restarts.

Author’s Biography

S. W. Billingsley is a circuit
designer in the instrumenta-
tion section of NASA God-
dard’s magnetic and electric
fields branch. He has designed
optical-pumping and fluxgate
magnetometers for satellites,
as well as the power convert-
ers for ATS and IMP satellites
described in this article.

For an air-dropped intrusion detector

This design, see Fig. 5, uses a fixed-frequency 20 kHz
oscillator to command the switching rate. While free-run-
ning switching regulators (like the NASA design) can have
reasonably constant frequencies despite varying duty cy-
cles, a separate clock will provide closer frequency toler-
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ance. A close control of the regulator’s frequency may be
desirable when its noise might interfere with other signals.
The oscillator in this design turns the regulator ON for
too short a time to maintain the desired output voltage,
even with the lightest expected loads. The control loop
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03,04,08,09,012 2N3963 c3 0.1f TANTALUM R4 120K
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Fig. 5— Intrusion detector supply provides two voltages, one of which is below ground. A single multi-vibrator clocks the two separate

switching regulators that supply these outputs.
then stretches the ON duty cycle as long as necessary to
bring the voltage up to the desired level.

This design is really two separate switching regulators
clocked by the same multivibrator. One supplies a positive
voltage and the other—via a voltage-doubler scheme —
provides a negative voltage. The current output levels are
quite low, just 5-75 mA for the plus 6V and 0-1 mA for the
minus 5V, so it was imperative that the quiescent current
drain through the regulator circuit be kept very low.

Plus 6V supply: The multivibrator oscillator will nor-
mally turn on the Q,,-Q, combination that charges induc-
tor L, and capacitor C, for a 15% duty cycle. This duration
is so short that even with the maximum input voltage,
32V, and the minimum load, 5 mA, the output voltage will
still be less than the desired 6V.

The control action consists of having the differential
amplifier, Q, - Q,, compare the output to the reference D,,
and then holding the Q,, Q, combination ON longer to
bring the output voltage up to the reference level. By de-
sign, the circuit will be able to supply the added charge
and turn OFF before the next turn ON is commanded by
the 15% duty cycle pulse from the oscillator, even at the
lowest supply voltage, 19V, and the largest expected load-
ing, 75 mA.

Minus 5V supply: This operates in a similar manner as

the positive 6V supply, up to Q,. Transistor Q, drives a
voltage doubler, Q,, Q., C, etc., that, like the positive
supply, is driven off the positive battery terminal. When
Q. goes ON, doubling-capacitor C, is charged. When Q,
goes OFF, the top of C, is clamped to ground and the bot-
tom is driven below ground to supply the negative voltage
for the L,, C, combination.

The pulses from the 20-kHz clock are extended by the
feedback circuit to hold Q, OFF longer, so that L, and C,
are charged longer. O
Author’s Biography
Jess Schlageter received both
his BSEE and MSEE from the
University of California. He's
now in the process of aug-
menting this technical founda-
tion with an MBA from the
same school. He has been in
MOS design at Fairchild Semi-
conductor, Mountain View,
Calif., since 1968. At the be- , : .
gining of this year, he moved ““down the road a bit” at
Mountain View to Standard Microsystems where he con-
tinues to work on MOS systems.
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The world’s

most powerful tetrode switch tube

< I
Right on! Power tubes have come a long way since ls EIMAC s

the nostalgic days of EIMAC's first triode, the 150T. All the

way up to the giant X-2159 developmental tetrode having new
a plate dissipation of one and one-quarter megawatts.
The amazing X-2159 powerhouse tetrode can be baby.

used as a 60 kilovolt, 1,000 ampere switch tube, or as an
extremely high power pulse modulator. It can also develop
two megawatts of CW power up to 30 MHz or so with

up to 17 decibels stage gain.

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

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

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

301 Industrial Way,

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

MARCH 20-23, 1972

It’s the big one in New York. The most impor-
tant convention of its kind. Meet the influen-
tial people who call the shots in the rapidly-
changing electrical/electronics industry. “New
Horizons for Engineering” is the theme. The
emphasis is on tomorrow —moving careers and
companies along . . . how engineering and social
changes will affect directions and assignments,
create new concepts . . . new products . . . new
applications. IEEE 72 INTERCON is where
you can set your sights on tomorrow. And it’s in
New York, the most exciting city in the world.

OVER 80 TECHNICAL SESSIONS

T2 INTERCON has something for every engi-
neer and manager in the industry. At both the
Hilton and Coliseum there’ll be applied, state-
of-the-art and socio-technological sessions cov-
ering transportation, computers and systems,
microelectronics, semiconductors, new manu-
facturing techniques, packaging . . . and much
more.

New research demonstrations. Engineers from
leading industries and government agencies will
display avant - garde solutions to control traffic,
monitor pollution, increase communications,
safeguard our health. ..

THREE GREAT SHOWS IN ONE!

At the Coliseum you’ll see the newest products
and services offered by an international con-
tingent of hundreds of exhibiting companies. ..
Production * Processing ® Materials * Fabricat-
ing * Packaging . .. Instrumentation * Control
* Computer ¢ Display . . . Components * Micro-
electronics * Communications * Systems.

Designed to serve you. New rapid-registration
admits you in record time. “Tech-Talk Cen-
ters” let you relax and chat in comfort. Shuttle-
buses speed you between the Coliseum and Hil-
ton to take advantage of the wide-ranging
programs. Innovations in sessions and exhibits
bring you fresh ideas in exciting ways!

Don’t miss this one. More than ever, an aware-
ness of what’s going on is crucial to success for
engineers and their companies. Come to ’72
IEEE INTERCON and see what’s happening
— and what’s about to happen. For full program
and registration details write to: The Institute
of Electrical and Electronics Engineers, Con-
vention Dept., 345 East 47th Street, New York,
N.Y. 10017.

IEEE *72 INTERNATIONAL CONVENTION AND EXPOSITION
NEW YORK HILTON AND NEW YORK COLISEUM
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Never has so much holding
power been put into such
little space

Now you can reduce wiring costs even more with this
new line of TY-RAP Ties = Smallest Head
® Slimmest Tie = Biggest Value

Slim Line or Standard, you get the exclusive “grip of steel” with
every TY-RAP Tie. Through improved manufacture techniques, we
now offer you the slimmest, most flexible tie availahle . . . and with
the stainless steel lock embedded in the head.

The Slim Line Tie is particularly well suited for applications where complete
flexibility is needed, such as “figure eight” tying, in large groups of lightweight
wiring and dense or miniature wiring breakouts. For high volume tying where a
tool is helpful, just one tool is necessary to tie all three Slim Line Ties — TY-23M
5%” dia., TY-232M, 2” dia., and TY-234M 4” dia.

Get all the facts on how these new ties will
lower your costs even more than our standard ties.

Sold exclusively through authorized T&B distributors T& B THOM AS & B E TTS

The Thomas & Betts Co. * Elizabeth, New Jersey 07207 AL A
In Canada, Thomas & Betts Ltd., P.Q. 483 Division of Thomas & Betts Corporation
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Need precise power pulses? Here
are four ways to get them.

One basic low-power timer can be combined with a variety of output power drivers
to provide precise power pulses that satisfy a wide range of output load requirements.

ROY W. FORSBERG, Boston Editor

Power pulsers are commonly used in applications such as
print hammer drives for high-speed computer printouts,
solenoid actuators, impulse or stepping motors, ferrite
phase shifters, etc. Some applications require Igad voltage
switching; others, constant drive current. Some require
short precise pulses, and still others wide but consistent
power pulses.

The following circuits will show how a basic PUT (pro-
grammable unijunction transistor) timing circuit along
with modifications to the output driver can satisfy all the
above applications.

A conventional approach for timing circuits is to use a
monostable multivibrator. However, when compared to
the PUT timer in Fig. 1, this technique has several disad-
vantages. The PUT type consumes less power, because the
PUT and PNP amplifier draw no current when off and
only 10 mA during the timed output pulse interval. Pulse
widths are more stable and precise because the PUT firing
threshold is low, timing network loading is low, and the
circuit operates at higher voltages. Also, the PUT is not
affected by supply variations, since its triggering threshold
is determined by a voltage divider. Finally, the PUT timer

has faster recovery because the timing capacitor is rapidly
discharged at the end of the timing cycle through the PUT
anode and the 6 KQ resistor. Pulse widths attainable with
this type timer range from 20us to 10s.

The Darlington output in Fig. 1 will provide a high
power voltage pulse to any inductive, resistive, or capaci-
tive load. With both collector and emitter available, the
load can be placed in either the collector or emitter and
can be driven by either +60V or —40V. Since the output
is a voltage switch, load current will be a function of sup-
ply voltage and load resistance. Thus, as load resistance
varies due to coil heating, so will applied load current.

In applications where current supplied must be closely
controlled, several alternatives are possible. The load coil
can be made with either low TC wire or can be compen-
sated with thermistors; or, constant current drive circuits
as shown in Fig. 2 and Fig. 3 can be used. The first ap-
proach can be expensive, while those in Fig. 2 have low
efficiency, high power dissipation, and output current lim-
ited by the Darlington’s secondary breakdown capability.

The last alternative (Fig. 3) will switch a constant current
through an inductive load independent of changes in load

SIMPLIFIED SCHEMATIC

O ﬁ - - { COLLECTOR
SUPPLY VOLTAGE +V1
Ry
*®3 - > s 8
[ PUT
o 6K —P}—o0 caw
001 ‘51,( >
INPUT O—| > 1K
5K 5K
LOGIC. C INHIBIT L O EMITTER

GROUND

Fig. 1—The power pulser works as follows: When an input pulse
triggers the input switch, it latches, starts the PUT timer, and turns
on amplifier Q4, which provides base drive to the Darlington
output. At the end of the timing cycle, the PUT fires, disengages
the latch, and turns everything off.

When the timing cycle is started by the latch circuit, C, charges

48

from zero volts toward the supply through R, until it exceeds the
reference established by the PUT gate voltage divider. At this
point, the PUT fires, ending the timing cycle, discharging C,, and
turning off the latch, amplifier, and Darlington output.

A voltage of 0.25V or less on the inhibit line will prevent the
Darlington from turning on.

EDN/EE E FEBRUARY 15, 197



resistance and supply variations. This capability is espe-
cially attractive in applications like print hammer and
impulse motor drives, where variations in the current sup-
plied will result in differences in energy applied by the

Fig. 2—To convert the voltage switch of Fig. 1 to a current con-
trolled switch, the Darlington output stage is made a series linear
amplifier, regulating the load current by dropping excess voltage

+Vr

electro-mechanical devices and consequently in such
things as registration errors.

These design approaches are used by Unitrode Cor-
poration in their PIC 400 series of hybrid power pulsers.

across itself. To do this: a current sampling resistor is placed in
series with the emitter output, and the inhibit line is returned to
either a fixed reference voltage (a) or a reference -comparison
transistor (b).

300pF
INPUT
12K
4
10K 2K : >
2K

LOGIC I
GND. O —O - SENSE

Fig. 3—In this power pulser with constant-current output, the
timing is basically the same as in the circuit of Fig. 1. At the be-
ginning of the timing interval Q6 and Q7 switch the full power
supply voltage across the load until output current reaches the
desired level (determined by the voltage across an external sam-
pling resistor in series with the load). Q6 is then momentarily cut
off, allowing the load current to decay. It will then switch on and

off at 20-50 kHz to maintain the desired average load current.
Q6 switching is controlled by an op amp which compares the
voltage across the external sampling resistor against the V, supply.
Both Q6 and Q7 are switched off at the end of the timed inter-
val. This reverses voltage across the load inductance and forces
load current through D1 back into the power supply, thereby giv-
ing fast current decay.

FOR A FREE COPY OF THIS ARTICLE, CIRCLE L65
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INTERFACE

What about medical electronics as
a new career field?

Do your present skills and attitudes qualify you in this growing field? Here’s what

one engineer who made the switch has to say.

Edward A. Shuck, Medtronic, Inc.

These are trying times for many design engineers, especial-
ly those with aerospace backgrounds. Medical electronics
can be an attractive career for these designers, if the quali-
fications and goals of the engineer match the role he will
play in the medical electronics field. The purpose of this
article is to examine the qualifications and the role of the
design engineer based on my observations and experi-
ences at Medtronic, Inc., a company deeply involved in
medical electronics.

What are the qualifications?

Today’s trade journals are currently filled with articles
outlining the opportunities, or lack of opportunities, in the
future projected growth fields, such as environmental con-
trol, transportation, health care, and others. The real ques-
tion, though, is can we find in these growth fields a place
for the design engineer that will allow him, with on-the-
job retraining, to utilize the skills he already has. | think
the answer is yes, and when reviewing potential design
candidates, | look for qualities relating to team participa-
tion, engineering application, perseverance, communica-
tions, and medical knowledge.

Team participation —While the team concept seems to
be an overused phrase, it is particularly important in the
medical field. Many of the devices developed by Medtron-
ic require the design engineer to use the services and in-
formation gained by his peers both inside and outside the
company. A completely self-sufficient individual who be-
lieves he can solve all of the problems himself and design
the product from start to finish is not, in my opinion, the
best candidate. On the other hand, a designer who can
accept advice and criticism in order to improve his under-
standing of the problems to be solved will probably enjoy
his work and produce better hardware.

Engineering application—We have noticed that many
clinical investigators distrust what they term the “‘aero-
space complex”’. The reliability of the products touted by
some aerospace firms is usually dispelled by their failure
on patients. The problem is then aggravated by the inabili-
ty of the firm to service the product because the company
is only casually interested in medical electronics.

Nevertheless, the design engineer who has a basic
knowledge of hardware and instrumentation and a desire
to really apply the concepts of safety and reliability can
use his aerospace background to good advantage. But he
must remember that if a problem arises, he can’t hide be-
hind a mountain of paper work and specifications and ar-
gue who is right or wrong. He must apply good engineer-
ing principles to locate, solve, and implement corrective
action.

Perseverance —To work effectively in the medical elec-

tronics field, the engineer must be willing to prove him-
self. He doesn’t have the luxury of hierarchy of job titles,
functions, and assumed competence. He must bootstrap
himself through the various phases of the product develop-
ment. Therefore, the designer who wants to rest on his
past experience or expertise and not expose himself to the
risk of new responsibilities shouldn’t consider entering the
field.

Communications — In the medical field the design engi-
neer is not given a primary device specification with
which he can sit down and assume that if he designs a
black box to that specification, everything will be fine.
Indeed, the engineer is usually the only one who will
strive to accurately define the device, while his colleagues
will, many times, accept anything that works; and no
amount of documentation will help if it doesn’t work.
Therefore, | feel it is important for a design engineer to be
able to express himself both in written and verbal form.

Medical knowledge —The design engineer would cer-
tainly add perspective and desirability to his background if
he had formal biomedical engineering training. However,
most of the design engineers hired at Medtronic have not
had such previous training. Therefore, we have instituted a
corporate product training program that provides the op-
portunity for classroom training for each employee. The
opportunity exists for the engineer to retrain himself on the
job. | think that most viable medical electronic firms will
ultimately provide the same type of educational opportu-
nity in the future.

These five qualification areas probably have limited
meaning without being related to an actual hardware de-
velopment experience. The following discussion therefore
will describe a hardware development program under-
taken in conjunction with Rancho Los Amigos Hospital in
Downey, California.

The designers role in a clinical setting

Rancho Hospital established a broad clinical program in
1967 to develop implantable devices capable of stimulat-
ing peripheral nerves. The clinical rationale for the de-
velopment of the devices is the existence of a United
States population of over 2,000,000 patients with stroke,
500,000 patients with cerebral palsy, 100,000 patients
with multiple sclerosis, and 1,000,000 patients with Par-
kinson’s disease. All such diseases have in common the
peripheral effects of loss of control of muscle action.

Medtronic joined Rancho in 1969 to develop clinical
hardware to improve human locomotion and has focused
on the stroke patient population of approximately 380,000
patients designated as hemiplegic. The hemiplegic has lost
muscle control on one side of the body with somewhat
normal control on the unafflicted side. We have further
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concentrated our effort at the present time to a hemiplegic
condition known as ““foot drop;’’ a condition in which the
afflicted foot is “frozen’ into a position that makes it very
difficult to walk because the toe continually drags on the
ground.

The equipment being developed (Fig. 1) consists of an
implanted passive receiver which is connected by wires to
electrodes wrapped around the nerve bundle of the afflict-
ed foot. Power is inductively coupled to the implanted
receiver through an external antenna connected to a stim-

Fig. 1—System components currently consist of (a) the implanted
receiver, leads, and electrodes; (b) the antenna; (c) the stimulator;
and (d) the heel switch.

Fig. 2—The stimulator package is held by a belt worn by the pa-
tient (top). Connection from the antenna to the stimulator can be
made with one hand (bottom).

ulator unit which is supported at the waist by a belt. Stim-
ulation of the nerve is synchronized with the proper gait
cycle of the patient by means of a telemetering switch
placed in the heel of the shoe. A cycler is also provided
that will automatically program the stimulator so that the
patient can exercise his muscles, for therapy, without
walking.

With this general description of the clinical objectives of
the program, let’s see what role the design engineer plays
in the development of the clinical hardware?

Team participation — The Rancho-Medtronic rehabilita-
tion engineering team working on the foot-drop device
currently consists of ten members, with supplementary
resource personnel at each facility (Table 1).

At the present time the program is at the clinical appli-
cation phase, where hardware is being applied to patients
under the guidelines of a clinical protocol. The clinician
(see Table 1) and associated resource personnel support
patient selection, pre-operative procedures, implantation
of the device, and post-operative evaluation and care. The
director of neuro-motor-assist engineering and his person-
nel provide support during patient hardware fitting clinics,
physiological studies, and equipment troubleshooting.
Medtronic personnel provide hardware for the program, a
service facility to repair equipment and back up support
for the Rancho engineering team.

Engineering application —As a member of the overall
team, the design engineer develops and implements evalu-
ation criteria for the hardware to insure proper device per-
formance and patient safety. The check list shown in Table
2, which is a general guide used by Medtronic, illustrates
areas where the design engineer probably has some pre-
vious experience.

Perseverance — The designer goes through certain phas-
es while he is developing hardware for clinical applica-
tion. The following is a description of the phases this pro-
gram has gone through so far. (We are entering our third
year of development and still have many hurdles to over-
come before we can talk of a marketable product.)

Phase—1 (1968-1969) Evolution of devices based
on the treatment of 17
patients at Rancho.

Phase—2 (1970-1971) Design review of the hard-
ware development based
on Phase—1 results and
the following:

— Material toxicity

— Device failure

—Human factors

— Environment

—Reliability

— Energy toxicity

— Test method definition
Phase—3 (1971-1972) Clinical application of the

hardware designed in
Phase—2. A twenty-pa-
tient series is currently
underway at Rancho, with
special emphasis on:

— Patient selection criteria
— Patient benefit

— Clinical protocol

— Device performance.



Communications — Communications is an important
area of our relationship with Rancho because the team is
separated both by distance and specialties. Medtronic per-
sonnel frequently travel to Rancho, with some members
averaging one trip a month.

The following are typical agenda items covered at Ran-
cho during these trips:

— Attend design reviews
— Witness surgery
— Attend patient equipment fitting clinics

— Observe animal research

— Conduct patient interviews

— Review hardware failures

— Provide hardware training and service.

— Observe facilities

— Conduct seminars for resource personnel

—Review program

Rancho personnel also visit Medtronic periodically,
with the following agenda being typical:

The team meeting seems to be the best method of

Table 1. The Rancho— Medtronic rehabilitation engineering team
Rancho— Los Amigos
Educational Previous
Description Maijor role background experience
Clinician Orthopaedic Surgeon — responsible for surgery and M.D.
patient evaluation and care with respect to hardware
developed
Director of Director of Biomedical Research and Engineering. Ph.D. 6 years orbital
Neuro-motor- Supervises animal experiments, research: instrumentation, flight mechanics
Assist Engineering  and hardware development experience
Systems Develop research instrumentation and associated M.S. 18 years aero-
engineer hardware for research programs systems space system
engineering esign experience
Research Run animal experiments to determine the physiological Working No previous
fellow and neurological effects of electrical stimulation towards an experience
M.S.
Design Support clinical application of hardware, including B.S.EEE.
engineer patient fitting, inventory, trouble shooting
Medtronic
- . Educational Previous
Description Major role background experience
Engineering Coordinate product research and development BSEE 8 years aero-
manager space and in-
ustrial instru-
ment design
Research Coordinate clinical research to evaluate the physiological B.S. 7 years biomed.
engineer parameters and associated design parameters with new engineering engineering.
devices Grad. Research
assistant working with
clinical, lab., car-
diovascular, and
pediatric instru-
mentation
Design Coordinate the design and development of hardware, B.S.M.E. 9 years aero-
engineer including the electromechanical interface necessary to space instru-
achieve the final systems ment design, and
computer analysis
Engineering Hardware construction to work closely with production No degree 4 years bio-
aide engineering groups to insure that the hardware medical instru-
construction and testing flows smoothly mentation de-
velopment
Marketing To understand the market place and determine the B.S. 2 years medical
manager operation of the rehabilitation process in the U.S.A. and biology sales and con-
Europe sulting experi-
ence
Resource personnel— 3. Quality control . 6. Applied research
i Reilabi}gty assurance 4. Medical communications 7. Animal research
2. Production engineering 5. Marketing research
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Table 2. Design evaluation criteria for medical equipment

1. Material toxicity
Carcinogenicity — produce cancer

Thrombogenicity — produce blood clots

destroy elements in the blood

destroy cells

Hemolysis
Cytotoxicity

2. Device failure

Power source

Circuit and components
Leads

Enclosure

)

3. Human factors

Ease of controls

Method of attachment
Weight, size, and shape
Organization of controls
Connections

Power source replacement
Patient device tolerance
Conditions of use
Freedom of movement

4. Environment
Temperature — storage and use
Chemicals
Shock and vibration
Electromagnetic interference

. Reliability
Component failure rates
Circuit failure rates — mathematical and empirical

w

6. Energy toxicity
Stimulation current level
Electromagnetic coupling from external sources

. Test method definition
Configuration records
Performance specifications
Materials specifications
Special processes
Unit identification

communications, preceded by a one-page agenda and fol-
lowed up with a one-page list of action items.

Medical knowledge — I came to Medtronic in 1970 with
no experience in the clinical, anatomical, and physiolog-
ical fields associated with peripheral nerve stimulation. |
then attended the two-week full-time Medtronic product
training seminar that introduced me to the basics of these
subjects. These seminars, by the way, were conducted by
Medtronic personnel, practicing physicians, and members
of the University of Minnesota Faculty. This program pro-
vided excellent background for clinical awareness and
understanding. .

In addition, most of the physicians | meet in the clinical
setting have been very helpful in recommending books,
periodicals, and references to increase my knowledge in
specific areas. @

Who is Medtronic, Inc.?

Medtronic started, in 1949, in Minneapolis as a
partnership concerned primarily with representing
and servicing other medical electronic companies’
products. Although it became a corporation in
1957, meaningful sales did not occur until 1965,
when the implantable pacemaker product line
gained clinical acceptance. Since 1965, Medtronic
has established a significant growth record, with net
sales volume increasing from $3.2 million to $30.6
million. Rapid growth required that the administra-
tion establish long-range objectives, and since 1965
the decision to concentrate in the implantable
prosthetic field and phase out its early efforts in te-

lemetry and monitoring equipment fields has fo-
cused resources for continued growth.

As of 1972, Medtronic is truly an international
manufacturer of boimedical devices, with over 1200
employees and products marketed in 60 countries.

Who is Rancho Los Amigos Hospital?

Rancho Los Arigos Hospital is the major chronic
care facility of the Los Angeles County Department
of Hospitals. In addition to a large experience in
chronic care and rehabilitation of numerous catego-
ries of physical disabilities, this facility has a long
history of contribution to the various fields of
boimedical engineering.

Recently, in an effort to broaden its technical base
and to aid the professional community in Southern
California, Rancho instituted a program to redirect
the skills and education of seven former aerospace
engineers and scientists. This program was initiated
in cooperation with the California Department of
Human Resources and is funded under the Man-
power Development Training Act by the Depart-
ment of Labor.

Author’s biography

Ed Schuck came to Medtronic
in 1970 from an aerospace
oriented company — Rose-
mount Engineering —where he
held both design and manage-
ment positions. At Medtronic
he is manager of New Product
Engineering. He received his
B.S.E.E. from the University of
Minnesota in 1963.
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Circuit Design Awards

Circuit remembers random data within periodic field

by Stephen Kreinik
CBS Laboratories Stamford, Conn.

This simple digital circuit can detect and remember the
presence of randomly-distributed information occurring
within a periodic field. For éxample, it can produce an
output as long as information appears once per field or
once per line on a TV raster.

The circuit (Fig. 1) can be used directly in digital sys-
tems, and, with suitable modification, it can also be used
in analog systems. For analog applications, the input infor-
mation must first be converted into a suitable digital sig-
nal. For example, a threshold discriminator could be used
to detect the presence of a signal above a certain value.

Data to be remembered by the circuit of Fig. 1 must be
in the form of a negative-true logic signal. This signal (A) is
applied directly to flip-flop FF,. A second input signal (P)
occurs once per field (in the original application it was the
vertical blanking pulse) and is applied to FF, and to a one-
shot circuit (SS,) which produces a delayed pulse (DP).

When A is true (OV), the output (X) goes to logic-1
(+4V) and remains there as long as A occurs once in each
field. X will go to logic-O within one field after A does not
occur. The maximum allowable repetition rates for A and
P are constrained by the propagation delay through the
logic circuitry plus the pulse widths of DP, P and A.

The trailing edge of pulse P generates a delayed pulse,
DP, at the output of SS,. When the A input contains a
pulse within the field defined by P, flip-flop FF, is set, pro-
ducing a low output at point B and, therefore, setting FF,.

+5V

s5y 51k

%
9602

SS; |or

i+5v

o

Fig. 1 —Digital circuit produces an output at X provided an input
pulse appears at point A sometime between each two consecutive
pulses at point P.

This, in turn, produces a high output at X.

When another P pulse occurs, X would return to its low
value if it were not inhibited by flip-flop input B, which is
still low. Therefore, X stays high.

After P has returned to its high values, DP resets FF, and
returns B to a high value. Since P is high, X remains high.
The presence of A in the next field ensures that X will
remain high. If A is removed from the field, FF, is not set,
and the next P pulse resets X to logic-O where it remains
until another A input occurs. &=

To Vote For This Circuit
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Fig. 2 —Timing diagram shows how the output, X, depends on the
two inputs, A and P. X goes high when an A pulse appears between

P pulses. Because there is no A pulse between the second and third
P pulses, the third P pulse returns X to its low state.
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One shot triggers on both edges

by Ury Priel
National Semiconductor Corp. Santa Clara, Calif.

A modification to the external circuitry can make a mono-
stable-multivibrator IC trigger on both edges of an input
pulse. The required connections are shown in Fig. 1. This
circuit is much simplier than other techniques which typical-
ly require several gates in addition to the basic one-shot IC.

Circuit operation can be best understood by referring to
Fig. 2 which shows the input portion of the circuitry on
the IC chip. The one-shot fires when the second gate in the
input circuit turns on, or in other words when Q, turns on.

Note that because of the added external diode, the sec-
ond gate has a threshold approximately 0.7V lower than
that of the first gate. Therefore, as the input voltage at
point A rises, it will first reach the threshold of the second
gate (whose output is Q,). This causes a race condition
because of the different propagation delays.

The timing diagram (Fig. 3) shows the relationships be-
tween the waveforms in the circuit of Fig. 2.

At time t,, all the inputs to the second gate are high and
thus point C goes low. When the input signal (point A)
crosses 1.3V, point B goes low and thus the second gate
turns off at time t,.

On the falling side of the input pulse (point A), we have
a similar situation. Before the input signal drops to 1.3V,
point B is low and point C is high. When A reaches 1.3V,
B goes high and C goes low. When A reaches 0.6V, the
second gate turns off and C returns to the high condition.

The pulses at point C will always trigger the one-shot
portion of the IC. Thus the complete circuit triggers from
both edges of the input pulse.

The external RC network (R, and C,) determines the
output pulse width of the one-shot. The DM7850 has a
minimum holding time of 40 nsec, therefore the minimum
pulse width at point C must be 40 nsec. Because of this
limitation, the circuit described here is restricted to appli-
cations where the pulse rise and fall rates are greater than
60 nsec/V (40 nsec/0.7V). This is the price that must be
paid for circuit simplicity.

A further limitation of the circuit is reduced noise immu-
nity resulting from the lowered threshold of the second
gate. A bypass capacitor at the input can help correct this
problem. =

To Vote For This Circuit
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Fig. 2 —Partial schematic illustrates how external diode feeds input "
Ry pulses to second gate with lowered threshold. AR (P
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Fig 1 —Simple modification involving an external diode circuit
allows an IC one-shot to be triggered from both edges of the input
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Fig. 3 —Output pulses are triggered by both edges of input pulse. ]

Lettered waveforms refer to various points in the circuit of Fig.
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J-FET generates clear or preset commands for low-power TTL

J. E. Buchanan, Westinghouse Electric
Corp. Baltimore, Maryland

A set or reset signal is often required to insure that a counter
assumes a required state following power turn-on.

For the more common types of low-power TTL coun-
ters, a P-channel J-FET, two resistors and a capacitor as
shown in Fig. 1, provide a set or reset circuit that will
insure that the counter starts up in the required state.

When the logic supply (+5 volts) is first applied, the J-FET
(Q,) gate-source and gate-drain voltages are near zero,
allowing Q, to turn fully ON to provide a sink path to
ground for the clear or preset line. (The low-power 54L
TTL counter requires a low-logic-level signal that is ca-
pable of sinking up to 0.18 mA of current per set or reset
signal).

After power is applied, Q, remains ON for a given time,
depending on the RC time constant of the gate RC net-
work. As the gate voltage approaches the pinch-off level,
the circuit begins functioning as a voltage follower; and as
the gate voltage further increases so does the output, until
a final value is reached that is near a pinch-off level and
below the logic supply level. A low pinch-off, low on-re-
sistance P-channel J-FET, such as the 2N2844 (V"
max. = 1.7 volts, R,¢ typical = 560 ohms), is required.

1+ 5 Volt Supply

(pull-up) %Qé

R1
100

Current Sink Pathi

ct o
0.1ufF P-channel i s
5 J-FET
I - Clear_ 54174 Preset-
L Q Q| or Q Q
- - Equiv.
AT

Fig. 1—A clear or preset circuit for low power TTL counters re-
quires only one active component and assures that all counters
will be properly set upon application of power to the circuit.

Individual selection of the FET may be required to insure
both the low ON-resistance and low pinch-off level. ™

To Vote For This Circuit
Circle 163

Logic probe tests three-state logic circuits

Leslie K. Torok, University of Toronto
Toronto, Ont. Canada

MZ2361

LEDS ARE
HP 5082-4107

GROUND

This logic probe can be neatly packaged into a P-6025 or
other suitable probe-tip and only takes about an hour to
assemble. The probe is powered by the circuit under test,
and in addition to indicating /1", 0" or ““Hi-Z" logic
states it will indicate “‘overvoltage” from the supply if V,,
exceeds 5.7V.

Circuit operation is extremely simple, as shown in Fig.

1. If the device under test is in the ““high impedance”
state, there will be no base drive to either Q, or Q, and
neither LED will light. If the logic state is ““zero”” (below
0.3V) Q, is biased off and Q, on. Current will be drawn
through CR, and LED 0" will light. When Vin exceeds
2.4V (for a logic ““one”) Q, will be off and Q, will
turn on, providing a current path for CR, and lighting
LED- 14« i

To Vote For This Circuit
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Fig. 1 —This three-state logic probe makes maximum use of its 2
LED bits by providing four distinct messages concerning the cir-
cuit under test. If there is a logic /1" at the test point, Q, will light
LED “1”. If there is a logic 0", then Q, will light LED "“0”. If the
test point is in the third, or ““Hi-Z,” state neither transistor will
have adequate base drive, and both LEDs will be unlighted. If the
supply voltage exceeds +5.7V both LEDs will light before the
probe is touched to the test point.

Rules & Announcements

Your vote determines this issue’s winner. All circuits
published win a $25 U.S. Savings Bond. All issue
winners receive an additional $50 U.S. Savings
Bond and become eligible for the annudl $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.
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1 MEASUREMENT

information for better measurement
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NEW/

Counter intelligence
for demanding buyers

These HP counters have so many
well-planned features and options that
you get out-of-this-world performance
at down-to-earth prices

Select the electronic counter/timer
capability that you need without
paying for unwanted extras. HP 5300
and 5326/5327 counters fill the bill
at bare-bones prices, $520 to $2150.
That includes capability to 550 MHz
and many features you could never
get before.

Take the 5300A six-digit main-
frame, snap-on any of four
function-determining modules in
less than 15 seconds, and you have a
10 MHz or 500 MHz counter,

10 MHz/100 ns counter/timer, or
50 MHz multifunction counter.
Snap-on a battery pack for portable
use with any module. You can hold
any 5300A in one hand; it’s that
compact.

(Continued on next page)
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High-performance signal generator:
small in size, small in price

Looking for a small, solid-state
calibrated signal generator? One
as easy on the budget as it is to
operate? The 8654A VHF Signal
Generator gives leveled and
calibrated output over a 10 to 512
MHz frequency range. Stability is
20 ppm and residual FM is
5x 107

The power level is variable from
+3 dBm to —120 dBm, calibrated,
and is leveled automatically over the
whole frequency range. Modulate it
externally or internally: continuously
variable amplitude modulation,
0 to 80% (metered); and FM peak
deviation 0 to 0.1%.

Its compactness fits the 8654A
easily into production, mobile,

o 5

HP’s easy-to-use 10-512 MHz signal
generator is versatile enough for
almost every job.

airborne, and shipboard test
locations. Its rugged solid-state
construction recommends the
8654A for field maintenance and
service applications. And its
economy commends it for use
everywhere—testing receivers,
amplifiers, antennas, filter
networks, etc.

The price? Only $1,135.

Perhaps you could use a high per-
formance “economy’ generator. For
more information, return the HP Re-
ply Card.

(continued from page 57)

For more capability, step up to
the 5326/5327 Series. Select seven
or eight-digit readout, total remote
programming, economical computer
interface, time-interval averaging
down to 150 picoseconds, a built-in
DVM for dc voltage, or max-
accuracy time interval measurement
via digital trigger level setting, new
ultrastable time bases or 10-25
mV sensitivity.

It’s a six counter family:

5326 A/B/C (50 MHz) and 5327

A/B/C (550 MHz). The A and B
models are universal timer-counters;
the B models have a built-in DVM.
The C models measure frequency,
period, ratio, and totalize input.

For the least costly counters that
will serve all your needs, discover
the 5300 and 5326/5327 line of
electronic counters.

Need more details? Just send the
HP Reply Card.

True RMS goes digital
at a reasonable price

Only 42 by 7% by 9%z inches, the
Model 3403A/B fits in any corner of
your laboratory. Attach it to a calibration
microphone or a semiconductor test
system with equal ease.

The new digital 3403A/B True RMS
Voltmeters offer combined capa-
bilities never before available

in one instrument:

* Wide voltage range—measures ac
voltage from 10 mV to 1000 V

full scale.

* Wide frequency range—from 1 Hz
to 100 MHz.

® True rms accuracy—measures
both simple and complex signals
+0.2% reading #=0.2% of range.

® \ersatility—measures ac, dc, ac
and dc, low frequency, RF levels,
and complex signals.

® LED display—three digits with
fourth digit for overrange.

* Volt or decibel readout—an
option automatically converts
measurements to decibels and reads
dBV from —48 to +60 with a
resolution of 0.1 dB.

® Economy—an eight-decade band-
width and six-decade ac voltage
range in one instrument, not two or
three.

The 3403A True RMS Voltmeter
sells for $1400 plus options; the
3403B (ac only) version starts at
$1150. Six options, including BCD
output, are available.

Interested? For more information,
check the HP Reply Card.

EDINJEEE FEBRUARY 15, 1972



Do IC troubleshooting

ten times faster

The new 5010A Logic Trouble-
shooting Kit saves time, aggravation,
and money. Use the Probe separately
for pulse activity problems; the
Clip, for logic state; and the Com-
parator, for logic fault. They analyze
digital 1C problems ten times faster
than conventional techniques.

In design applications, the Probe
can be a replacement for expensive
oscilloscopes; it indicates logic

The 10529A Logic Compara-
tor finds the faulty pin in
5-10 seconds per IC;

tests ICs dynamically in the

circuit. Price: $295. Price: $95.

The 10525A Logic Probe

detects static logic highs
and lows, the presence or
absence of pulse activity.

states or pulses as narrow as 25 ns.
The Clip monitors logic states on all
16 IC pins at a time. With the
Comparator, the designer can be
confident that all ICs are working
even if his circuit is not.

These pieces may be purchased
separately, or as a complete kit
for $495.

There’s more. Just check the HP
Reply Card.

The 10528A Logic Clip
“looks inside’ the suspect
IC. LEDs on the clip corre-
spond to 16 IC pins so

that each one is monitored.
Price: $125.

Microwave power meter
for automatic systems

The 432C inputs and outputs are fully
compatible with HP computers and
digital recorders.

Now the HP 432 Power Meter
family has a programmable member.
The new 432C is a systems-oriented
precision power meter with 1 W

to 10 mW range. Frequency coverage
is T MHz to 40 GHz using HP’s
temperature-compensated
thermistor mounts.

The 432C features include digital
readout, autoranging and auto-
zeroing (these can be accomplished
with remote programming), BCD
and analog outputs of measured
power, and 0.5% f.s. accuracy.

Price of the 432C is $1375.

Check the Reply Card for full infor-
mation about all the 432 series power
meters.

A digital multimeter
with multi-features

The 3469B is a multimeter, milliohmmeter,
dc ammeter, and dc voltmeter—all in
one low-cost digital instrument.

Now you can choose 26 different
combinations of range and function
to make digital measurements of
ac/dc voltage, dc current, and
resistance.

The HP 3469B Digital Multimeter
gives you five dc voltage ranges,
six dc current ranges, seven ac
voltage ranges with 10 MHz
bandwidth, eight ohm ranges—
all for $595.

The multimeter measures ac from
1 mV full scale to 500 V over a
frequency range of 20 Hz to 10 MHz
—particularly useful in communi-
cations, broadcasting, and audio
applications.

On its most sensitive resistance
range, it is a milliohmmeter—one
ohm full scale. Use it for contact
resistance, components, and
plated-through circuit board hole
resistances.

The digital dc ammeter measures
dc current from 1 microampere to
100 mA full scale.

The dc voltmeter measures from
100 mV to 1000 V full scale with
an accuracy of =0.2% to *=0.3%,
depending on the range.

For more information, check the
HP Reply Card.



Three new computer systems for low-cost
batch, time-sharingor real time . . .

Dedicating a computer system to a
specific processing task is now
much easier, and costs less to do,
with HP’s new family of small
disc-based systems. These systems
can be applied to:

® Batch processing—for uninter-
rupted job processing with
maximum throughput;

® Time-sharing—for direct
man-machine interaction; and

® Real-time processing—for
response to and control of external
events while executing.

The fundamental system is the
versatile new 2100A computer with
a fast 7900A five-megabyte disc.
Other mass storage devices provide
up to 47 million bytes of disc
storage. Each HP system interfaces
with more than a dozen peripherals
and plugs in to more than 50 HP
instruments.

The reliable software is fully
supported. The 2120 Disc Operating
System features program chaining,
extended file management, and a
job processor that handles assembly
language, ALGOL, and FORTRAN
IV. It executes machine instructions
or complex mathematical and logical
operations with equal ease.

Just add 16 terminals, some
hardware, and our easy-to-learn
conversational programming
language, HP BASIC, and you have
the new 2000E time-sharing system.
It can be expanded further to the
new 2000F system with a dual
processor and another 16 terminals.

With additional equipment and
Real-Time Executive software, the
disc system becomes a real-time
system with priority interrupt and
multi-programming capabilities.

Batch systems begin at $33,000,
time-sharing and real-time from
$50,000.

To learn more, check the HP Reply
Card.

Batch, time-sharing, or real-time—HP’s
disc-based computer systems are
particularly suitable when there’s a need
to access large data banks, and where
ease of I/0 interface is required.
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... And a versatile new HP system family
for sensor-based data acquisition

The new 9600 Series of modular
data acquisition systems satisfies
the need to handle multitudes of

analog and digital inputs and outputs,

all simultaneously. This new HP
family of automated systems is
specifically designed for applications
in research, development, sensor-
monitoring, and industrial control.
The 9600 is based on the 2100A
computer and features two new
“plug-in”analog and digital
subsystems, as well as three different
software operating systems

(RTE, DACE, and BCS).

The new analog subsystem is
capable of scanning and digitizing
both low and high level analog
signals, and also outputting analog
information, for purposes such as
driving graphic displays and plotters.
The unique feature is that all
functional elements are contained
on plug-in cards for greater
flexibility with less cost and
easier maintenance.

The main component is an
analog-digital interface. Functional
modules plug into the backplane
and communicate with each other
via analog and digital busses.

The subsystem is controlled from the
computer, through a control card in
the interface. This card uses micro-
programming and ROMs to generate
the control and timing signals for
various system functions. Depending
on system needs, more than one
interface can be used.

The digital subsystem includes the
new HP 6940 multiprogrammer with
15 channels of 12-bit digital I/O
and expansion capability up to 240
channels. Various plug-in cards let
you monitor TTL, DTL, RTL, or
contact-closure logic, and output
TTL/DTL logic levels and contact-
closures with read-back capability.
The digital subsystem can also
provide analog outputs (voltages
and resistances) for controlling
devices, such as power supplies.

Software for 9600 systems includes
three different operating systems:

Fully integrated—rather than the
all-too-familiar piecemeal assembly of
data acquisition systems—is HP's

9600 Series. It features the 2100A
computer, 7900A disc drive, 7970 magnetic
tape unit, 2440A A-D interface, and

the 6940 multiprogrammer.

® Real-Time Executive—Multi-
programming allows real-time
programs to run concurrently with
general-purpose background
programs. Priority scheduling/
interrupt controls your programs on
the basis of time, event and
critical need.

® Data Acquisition and Control
Executive (DACE)—Schedules
multiple tasks (measurement,
computation and output) in
real-time.

® Basic Control System—Features

relocation and linking of user’s
programs, interrupt processing,
input/output control, and a library
of arithmetic, logic, and utility
subroutines.

Configure a 9600 system to
control a single test or experiment,
or to automate a whole laboratory
or factory. Systems start at
approximately $22,000 and typical
systems cost between $32,000
and $60,000.

To learn all the facts and features,
check the HP Reply Card.
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A laser device for computer

or IC guys?

Use lasers in IC production or
memory disc positioning? Why not?
HP’s 5525B Laser Interferometer
measures displacements down to
one microinch or, with the new
K02-5525B Resolution Extender,
down to one angstrom. This
accessory electronically extends the
laser’s resolution by a factor of 10.
The resolution extension is real-time,
giving one microinch resolution at a
high update rate, or 0.1 microinch
at a lower rate. With two extenders
cascaded together, resolution is 0.1
microinch in real-time; or .01
microinch, 107'° meters, or one

angstrom with the lower update rate.

The integrated circuit industry
uses the Model 5525B both for

This laser interferometer is being used
in HP’s Gage Lab to measure spacing
between the tracks of a memory disc.

calibration and for feedback control
of artwork generators, step and
repeat cameras, and mask inspection
machines. For computer memory
discs, the interferometer makes
closer track spacing possible—thus
improving the disc packing densities.
It also calibrates the scales and
actuator systems.

The 5525B costs $11,500. For the
K02-5525B Resolution Extender,
add $800.

Interested? Just send the HP Reply
Card.

Fast yet precise RF measurements

with high resolution

J

Comparisons over a 100 dB range,
differences as small as 0.01 dB and 0.2°
can be resolved.
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Production-testing RF components
normally calls for swept-frequency
tests, but high precision and high
resolution usually require

fixed frequency tests. End the
conflict. Use the new HP 8728A
Network Comparator with the

HP 8407A 0.1 to 110 MHz Network
Analyzer, and make quick yet
precise swept-frequency
comparative measurements.

The 8728A is $2950. A typical
complete system is approximately
$12,000.

Discover many other features;
check the HP Reply Card.

Low-cost displays come
with onboard IC

¥

The 5082-7300 numeric display is
completely TTL-compatible.

We've built both the decoder/driver
and the memory into our new
5082-7300 solid-state numeric
display. All you do is address them
directly with four-line BCD input.
You can store data or have a real-
time display at your fingertips.

The characters are .290 in. high
for better readability over a wide
viewing angle. Yet, it's a compact
.6 by .4 inch package.

The displays cost $10 each in
1 K quantities, and are available
from stock.

For more information, please check
the HP Reply .Card.

Increased sensitivity
for 7100 recorders

One small input module increases
the sensitivity of the 7100 Series
recorders to 100 .V full scale. Just
plug in the 17505A High Sensitivity
Input Module; it measures input
signal variations as low as 1 pV
at maximum sensitivity. Your
strip-chart recorder acquires a
variable voltage span from 100 1V to
100 V full scale. There is even an
optional calibrated offset capability
in increments from one to ten, full
scale. The 17505A costs $400.
Interested? Just send your HP Reply
Card.

HP 17505A plug-in for 7100 recorders.
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OEM's get an x-y recorder

of their very own

Forty OEM options include
several X-Y range calibra-
tions, metric scaling, a
time base, an event marker
that records in the top
margin, rear connectors,
and TTL logic control.

Set scope time bases

as easy as 1-2-5

When you need precise timing, the
new HP 226A Time Mark Generator
makes it easy to calibrate your
oscilloscope and recorder time
bases. With a room-temperature
crystal that needs only %2-hour
warm-up to give you 20 ppm
accuracy (at 25°), the 226A generates
one-volt markers (into 50 ohms) at
30 intervals ranging from

The HP 226A Time Mark Generator

2 nanoseconds to 10 seconds and in
a 1-2-5 sequence.

It's programmable, too, with an
option that makes it operable in
automatic systems.

The 226A costs $670. (For the
programming option 003, add $150.)

To learn more about the 226A, just
check the HP Reply Card.

X-Y recorders used to be designed
principally for laboratories; now,
there is one designed specifically
for original equipment manu-
facturers. The new 7040 does not
require any special paper, calibration
adjustment, or expensive
maintenance.

The one-piece mainframe is
die-cast aluminum—durable yet
shock-resistant. The circuitry
contains only ten hand-soldered
connections—reliable and
maintenance-free. The writing area
is 10 by 15 inches (25 by 38 cm.)
with an autogrip that holds 11 by 17
in. or international A3 size paper.

Accuracy is =0.2% of full scale;
linearity, =0.1% of full scale.
Standard features include a
newly-developed hybrid
potentiometer, disposable pens,

1 megohm input resistance, and 20
in./sec. minimum slewing speed. A
new motor design on both axes lets
the OEM recorder pen be driven
offscale for an indefinite period

of time without noise or damage.

The price, sans options, is $890.

For more information, check the
HP Reply Card.

18-40 GHz measurements
with network analyzer

Now you can measure reflection
and transmission coefficients—
magnitude and phase—in the
18-26.5 and 26.5-40 GHz bands,
using the new K8747A and R8747A
waveguide test units for the

8410 Network Analyzer.

For full details on this much-
needed high-frequency measurement
capability, use the HP Reply Card.

OOPS!

That was some thermal
recorder described in the last
issue of MEASUREMENT
NEWS. Unfortunately, its
impressive specifications
resulted from a typographic
error. (We should have said
50 Hz and 100 Hz, instead of
50 MHz and 100 MHz.)
Meanwhile, the HP 7414A is
still a nifty performer.

63



“The Portables” add two scopes, including
a 75 MHz model with delayed sweep

Two new scopes have been added
to HP’s 1700 Series of high-
performance “portables”’—the
1707A, with a 75 MHz bandwidth
and delayed sweep; and the 1703A,
the first variable persistence/storage
oscilloscope operated on batteries.

Both scopes incorporate all the
1700 Series” best features: low
power requirements, only 24 |bs.
in weight, bright display, no
dust-collecting ventilator holes, solid
triggering with a minimum of signal,
and reliable thermally-stable ECL
trigger circuits instead of
conventional tunnel diodes.

Both scopes also have a 10
mV/div deflection factor over the
full bandwidth, 10 ns/div sweep
speed, and a rise time of less than
4.7 ns. There are improved divider
probes, delayed sweep, and a large
cathode-ray tube display. They can
readily measure T?L or some ECL
pulse timing and propagation delay.
The sweep and trigger circuits were
designed especially for digital field
service applications.

Their low power requirements
mean you can use an internal,
rechargeable battery pack for up to
four hours operation; or use an
11.5 Vdc to 36 Vdc source, or any
standard ac outlet.

Servicing
computers
and peripher-
als can be less
costly, especially
if you use HP’'s new
1707A portable scope.

The new 35 MHz 1703A with
delayed sweep is an HP exclusive—
the only portable variable
persistence/storage oscilloscope that
can be battery-powered. Variable
persistence allows you to control
the rate at which the trace fades;
the storage capability lets you hold
a particular pattern on the scope.

Actual customer experience
verifies that the 1700 Series requires
roughly half the calibration time
of competitive portables due to the
low number of internal adjustments.

This means substantial savings over
the lifetime of each instrument.

The 1700 portable scopes begin as
low as $1680 for the nondelayed-
sweep, dual-channel 35 MHz
version. The 35 MHz variable
persistence/storage scopes sell for
$2,725 (1703A, with delayed sweep)
and $2,375 (1702A, nondelayed).
The 75 MHz scopes cost $1,925
(1707A, with delayed sweep) and
$1,775 (1706A, nondelayed).

For more facts and features, please
check the HP Reply Card.

HEWLETT

hp, PACKARD

Measurement, Analysis, Computation
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East—W 120 Century Road, Paramus, N.J. 07652,
Ph. (201) 265-5000.

South—P.O. Box 2834, Atlanta, Ga. 30328,
Ph. (404) 436-6181.

Midwest-—5500 Howard Street, Skokie, I1l. 60076,
Ph. (312) 677-0400.

West—3939 Lankershim Boulevard, North
Hollywood, Calif. 91604, Ph. (213) 877-1282.
Europe—Rue du Bois-du-Lan 7, CH-1217 Meyrin 2,

Geneva, Switzerland, Ph. (022) 41 54 00
Canada—275 Hymus Boulevard, Pointe Claire,

Quebec, Canada, Ph. (518) 561-6520.
Japan—Ohashi Building, 59-1, Yoyogi 1-chrome,

Shibuya-ku, Tokyo 151, Japan,

Ph. 03-370-2281/92.
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The quiet one. Zero bounce noise.

This new flexing spring
contact with four distinct
current paths practically
eliminates arcing line
noise—makes Rowan's
2190E Mod A Relay ideal
for power relay applications
in place of or in conjunction
with solid state circuitry
where noise-free contact
closure is critical.

The Mod A provides a
power relay of 10 amp—
300 VAC with virtually zero
bounce—Iless than
1 millisecond. Standard
non-flexing contacts result
in bounce exceeding
5 milliseconds on closing
with each arcing bounce
producing noise.

The quiet one represents
a unique design conceptin
contacts. It's a double-
break, bifurcated movable
contact fashioned entirely
of flexible spring silver.
The industry’s standard
solid bar movable contact
is normally made of heavy
non-flexing brass with fine
silver buttons.

Rowan’s new Mod A Relay
offers an extremely low
contact resistance, a high
fidelity (low energy) contact,
while providing excellent
resistance to
accidental
contact
opening under
vibration or

shock. Independent tests
show no contact
malfunction, 0-5 KHz
vibration, up to the machine
testlevel of 6.5 g’s.

All these features are
incorporated in the Rowan
standard 2190E Mod A,

1 through 8 poles in
combinations of N/O-N/C,
plus solid state timer and
latching version. Also
available with gold flashed
contacts for dry circuits.
Another versatile relay in
the tradition of Rowan
Reliable Controls.

For further information,
call your Rowan
representative or distributor
or write direct.

'CIRCLE NO. 401

ROWAN CONTROLLER INC.

P.0. BOX 308, WESTMINSTER, MD. 21157
SUBSIDIARY OF I-T-E IMPERIAL CORPORATION
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From HP —Three new dimensions in

“pulser power”...

1 Multiphase
= MOS Testing
CIRCLE NO. 402

125 MHz
= Capability
CIRCLE NO. 403

3 Digital
= Programmability
CIRCLE NO. 404

Hewlett-Packard’'s 1900 System, the
pacesetter in pulse generation, now
has three new capabilities that put it
even farther ahead of all competi-
tive pulsers.

1 Multiphase MOS Testing—The
s new 1934A Multiphase Clock
plug-in lets you use the 1900 System
to design and test MOS circuits with
a minimum of effort. It gives you four-
phase outputs to 12.5 MHz, or two-
phase to 25 MHz...with variable
phase pattern and variable phase
overlap. The 1934A can be used with
either high-threshold drivers (the
1915A) or low-threshold drivers (the
1917A); but the 1934A’s price is
strictly low-threshold...only $775.

2 125 MHz Capability — Now,
s there are two 1900-System
plug-ins that let you generate pulses
at rep rates up to 125 MHz. The new
1921A (for positive pulses) and 1922A
(negative pulses) are designed for
testing fast T2L and ECL logic—in

computers and high-speed digital
communications. Both have a fixed
transition time of <2 ns, variable
amplitude to 5 V, and variable =5V
offset. Both have switch-selectable
complement capability, plus feed-
through pulse-adding capabilities
and pulse shaping capabilities. And
both are compatible with other 1900-
System plug-ins such as the 1930A
PRBS generator. Yet you can get
either the 1921A or the 1922A for only
$950.

3 Digital Programmability —
= Now, your 1900 System can be
computer-controlled, for high-speed
automatic testing applications. ..
thanks to HP’s new 6936S Multipro-
grammer. Its 16-line parallel input
lets you interface your 1900 System
to a computer quickly and easily,
using only one 1/0 slot..7and the
result is a fully programmable pulser
system suitable for almost any test-
ing or control purpose.

To tie together your 1900 System

and the 6936S, HP provides an inter-
facing package (Option 005), which
includes cables, program cards and
software. This lets you assemble the
combination of capabilities best
suited to your own particular needs.
For example, you can get the 1900
with three popular plug-ins (1905A
rate generator, 1908A delay gen-
erator, and 1917A variable-transition-
time output) p/lus the 6936S Multi-
programmer and interfacing option
005, for $5950.

For further information on any
aspect of the pace-setting 1900 Sys-
tem, contact your local HP field
engineer. Or write Hewlett-Packard,
Palo Alto, California94304.In Europe:
1217 Meyrin-Geneva, Switzerland.

— 081/15
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Isolate It Optically

...solid-state lights on using the ideal
switch = optoelectronic couplers

Pulse Stretcher

MOC1000
COUPLER

... L
INPUT | }:

L

o 3

Very short input pulses can be adjusted to any desired pulse width in this circuit with
the output completely independent of the input.

Load-To-Logic Translation

MOC1000 COUPLER

B e o n
.
b § Y
b 2
GATE | SIGNAL | | FL’::IFtop

+ -

Monitoring an SCR-controlled load with an optical coupler provides a count of load
operations each time the flip-flop is toggled through load activation.

Computer /Peripheral Interconnect

|
COMPUTER ’ 1 i ‘“
e
e
MQG1000 | ' ‘%_ = COUPLER
COUPLER -
| i DAT
- A
| A=Y . ‘ t LOGGER
il e

! I

Couplers detect differential signals from twisted-pair lines and translate to single-ended
output which provides complete ground-loop isolation

Power Amplifier

L
|

mvur] +
SlGNAL' -

L

O——rr—snd

i

Vout

| MOC1000
COUPLER

Couplers amplify low-level logic to drive large loads and accomplish interfacing between
logic power supplies and load power supplies

CIRCLE NO. 405

CH: 2

Logic-To-Load Translation

When the T:L gate input goes high, the SCR is activated and logic-to-load
translation is achieved through optical coupling.

Logic-To-MOS Interfacing

T0 MOS CIRCUIT
o—-—_—
T Tk
FROMMTTL) ¢ |
LOGIC = | moc1000
L i 1 1 jcousen

Easy interfacing between various logic forms (in this case T?L-to-MOS circuitry)
can be achieved through optical coupling without regard to differences in logic
swings.

Lights on: switch on. Lights off: switch off. Quickly.
Simply. Reliably.

Optoelectronic couplers give you nearly perfect input/
output isolation . . . 100 billion ohms. They afford 1,500 V
minimum dielectric isolation. They provide 300 kHz typical
frequency response and 60% typical transfer ratios. They
furnish complex signal transmission without RFI at micro-
second speeds. They offer low coupling capacitance: 1.3
pF typical.

They don’t wear out, they don’t use much power and
they’re immune to bouncing, arcing, shock and vibration.
They're light, compact and have closed construction.
They’re IC-compatible and cost as little as $3.35, 100-999.

They’re obvious replacements for mechanical relays.

Use them in interface and coupling systems, phase and
feedback controls, amplifiers and general purpose switching.

To find out how, there’s a new data sheet waiting
through Box 20912, Phoenix, AZ 85036. Complete specs and
a lot of applications information.

See your Motorola distributor or factory representative
for prototype or production needs.

Lightly switch on today.

MOC1000 - the optoelectronic coupler

MOTOROLA OPTO
Let There Be Light ¢ ¥/
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computer hardware

EXCLUSIVELY FOR DESIGNERS OF COMPUTER MAINFRAMES, PERIPHERALS.AND SYSTEMS

COVER

Cover photo furnished by Texas In-
struments, Incorporated, depicts MOS/
LSI photomasks produced by comput-
er-driven mask cutters. This technique
was used in producing the photomasks
for the Honeywell RAM, as well as all
TI MOS/LSI devices. See “Inverting
cell conserves power in MOS RAM”
on pg. CH 6.

Bl sl RPN . . SO S A CHé6

Inverting cell conserves power in
MOS RAM . . . Test bits increase
customer yields for field pro-
grammable ROMs . . . Black tin
oxide process coats computer
frames.

FEATURES

Microprogramming leads to an efficient

virtual computing system . ... ... ... . ... .. ......

See how this approach to virtual
systems saves memory, speeds oper-
ations, and lets the user think he is the
sole user of the complete system.

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

A handful of 1Cs is all you need to
get the job done.

CH3




HERE’S A NEW AND BETTER WAY: Tomake
printed circuit board connections. Reliably.
At low, low cost. They’re Molex Soldercon®
terminals. Integrated circuit and transistor
terminals. Offering the convenience of plug-
in 1.C.’s and transistors without the cost of
insulators. They fit directly on the board.
And there is equipment available to do the
job automatically.Fast!Soldercon terminals
save time. Money. Speed installation. Make

CIRCLE NO. 406

M160

testing easier, too. And simplify service
problems. It’s another example of Molex in-
genuity . . . in creating components that
simplify circuitry. Molex has the know-how
and facilities to provide the interconnecting
system you need. You can make connections
by calling (312) 969-4550. Or write . . . Molex
Incorporated, Downers Grove, lllinois 60515.
.=« Creating components that
simplify circuitry

frotox
—/



infroducing

the end of the
temperature compensating

oven!

MIDWEC H44 CAPACITORS

give you L. ratings you can
live with.

H44A & H44B
Typical FILM CAPACITOR
These new film capacitors achieve an almost zero
49 H44A temperature coefficient in the smallest possible
L physical size as a result of MIDWEC's exclusive
2% design and processing techniques. Uniform

CAPACITANCE CHANGE

CAPACITANCE CHANGE

performance of standard units is inherent because
of the design and production procedures. Tighter

0%

e TC than is shown in the charts at left can be
-4% attained on special order.
-55°C. -25°C. 0°C. 25°C. 50°C. 75°C. 85C.
4% H44B
. ¥ % H44 capacitors are available in two standard
&K * TC ranges: H44A, =+20PPM/C°, and H44B,
0% <+40PPM/C°. Capacitance range from .010
k mfd to 1.0 mfd.
~2% | i
-4% I I
-55°C. -25°C. 0°C. 25°C. 50°C. 75°C. 85°C. For complete data sheets, write to:

MIDWEC CORPORATION
P.O. BOX 417
SCOTTSBLUFF, NEBRASKA 69361

Phone: 308/632-4127
® A Subsidiary of South n Research Corporation

MIDWEC

CORPORATION

CIRCLE NO. 407

CH



DIRECTIONS

Inverting cell conserves
power in MOS RAM

A new 2K MOS RAM, developed by
Honeywell, Billerica, Mass., utilizes
the inverting cell concept to improve
speed/power performance. A novel
“‘circuit-come-logic’” technique re-
duces storage power by a factor of two,
and a different refresh method allows
read cycles to be shorter than
read/write cycles whenever refresh is
not required.

The inverting cell is shown in Fig. 1.
The Digit/Sense bus (D/S) is always

CELL CIRCUIT

} .
i i |Vop =18
L= . Vgg =+7V
AN [—— | Vgg =+5V

1 X 32 CELLS |

'y f " DATA

S CONTROL
| ‘ | |
| 2x16 2x16 |
D/S
| CEUs | cais &
, it ]
| 4{, —
| 2
| b |
2%16 |l 32X16  le o D/S
cetts  [**1 ceus
‘ b
IS = s
Y
CLOCKS CLOCKS
23 | 23

/\/\arco...

Hrst LED Switches
& Indicators with
(reater Brightness,Wde—

Ang

e \Visioility

Graded LED’S for con-

sistent luminous intensity
and exclusive micro-

grooved lenses for improved light dispersion mean greater bright-
ness over a wide viewing angle in new low-cost, IC-compatible
Series 590/D LED Switches and QT/D LED Indicators . . . the Marco
D-Line — designed specifically for computer and control panel dis-
plays. Midget-flange based LED for switches . . . front panel service.

For complete details, write or call:

MARCO-0OAK

Subsidiary of OAK ELECTRO/NETICS CORP.
P.0O. Box 4011 207 S. Helena Street

Anaheim, Calif. 92803 e

Tel. (714) 535-6037

MARCO D-LINE . .. Innovative LED Display and Control Applications.
CIRCLE NO. 408

CH 6

DATA CONTROL

- G C:t% .| REGISTER
R S
| |
i
\
|
i —\
A ARRAY
o / :
DATA
IN FIG. 3

precharged to —11V by ®1 prior to a
read, write, or refresh cycle. Driving
the ®2 bus performs a read operation
and @3, a write operation. If a logic
“1"is stored on C, when ®2 is pulsed,
the C, potential on the D/S bus will
discharge through transistors R and S to
V., leaving the cell's complement
("'0") stored on the D/S bus. Had a “0”
been stored on C,, transistor S would
have remained OFF and C, could not
have discharged to V. Thus the cell’s
complement (““1”) would have been
stored on the D/S bus. A write is per-
formed by pulsing ®3, which turns on
transistor W, thereby storing the D/S
potential on C,.

A cell array of 2080 cells is arranged
as in Fig. 2. One row X 32 columns is

FEBRUARY 15 1972




electrically connected to form the data
control register. Common connections
for cells in a row are the D/S busses,
and for cells in a column are the ®2
and @3 clock busses. A cell is located
by routing clocks to only one column
and by multiplexing one D/S bus.

During a read cycle the stored data’s
complement is written on the D/S bus
and then read out; however, in a read-
refresh cycle the data is left on the D/S
bus so that when ®3 comes up after
®2 ends, the data complement is writ-
ten back into the cell — hence the term
“inverting cell”.

Since an entire column will invert
each time it is addressed, column sta-
tus must be monitored. This is done by
utilizing the data control cells.

One data control cell will invert
each time a column is addressed. If this
data is exclusive OR’ed with either the
appropriate stored data or input data,
as in Fig. 3, the correct data will be ei-
ther stored or read. In this manner a
logic “1” in the data control cell (as
shown in the truth table below) says
that the addressed column is inverted;
thus, the data complement will either
be stored or read out.

TRUTH TABLE

READ CYCLE
DATA STORED DATA CONTROL OUTPUT DATA

0 0 0
0 1 1
1 0 1
1 1 0
WRITE CYCLE
INPUT DATA  DATA CONTROL DATA STORED
0 0 0
0 1 1
1 0 1
1 1 0

Test bits increase
customer yields for field
programmable ROMs

Field programmable ROMs have prov-
en to be a powerful new tool for design
engineers, especially in such areas as
microprogramming. The programm-
able ROM eliminates the 4- to 8-week
turnaround time required for mask
programmed ROMs, and allows a user
to stock only a few standard devices,
which can be custom programmed as
required.

If there has been a major drawback
in the PROM concept, it was in the

YOU wanted

Here they are in

PAPER TAPE
READERS
YOU
HELPED DESIGN

ADTROL is an emerging company in the paper tape field.
We have no outmoded design investments to protect . . .
no ax to grind. So we asked engineers and users like you
all over the country what features you wanted in a NEW
paper tape reader. And you told us.

As a result of this research, we now offer the most COM-
PLETE line of MODULAR photoelectric tape readers and
handlers, incorporating all of the features you wanted.
These products provide an economical solution for virtu-
ally every tape reading problem.

Bulletin 301 describes the entire line.
Write or call for a FREE copy.

ADTROL

Data Products for Industry

700 Abbott Drive, Broomall, Pa. 19008 .

CIRCLE NO. 409

Telephone (215) 544-6900
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Nichrome Links

Typical PROM Circuit Schematic Bo

. &
Amplifier v "
Inverters . %
Ao [ o Word |: K Nichrome Link
: Decoder ’
i Driver
} 1/64 Yeu
A Word [ K

Outputs to Buffers

est Output to Buffer

A number of defects can elude de-
tection in unprogrammed ROMs —
such as, collector-emitter spikes, metal
shorts, and emitter base shorts, which

testing of unprogrammed devices.
Acceptance testing had been, in es-
sence, accomplished by the customer
— after he had programmed the device.

CH 8

Precision Light Sources for Data Processing, Opto & Medical Electronics

For computers, fiberoptic devices, medical equipment, high intensity indi-
cators and photo detector systems, LAMPS, INC. offers a wide range of T-1%4,
T4, TL4, TL and unique space-saving right-angle lamps — the ultimate in high
intensity lensed models for precision optical systems. Close attention to criti-
cal production phases insures uniform high output from lamp to lamp. Each is
available in a variety of bases, filaments and bulbs . . . to assure meeting your
exact requirements. For complete information on these precision lamps, plus
a look at the entire LAMPS line, write or call . . . LAMPS, INC., 19220
So. Normandie Ave., Torrance, Calif. 90502 » Tel: (213) 323-7578 «
TWX: 910-346-7038.

CIRCLE NO. 410

may not be detected until the ROM is
programmed. Motorola’s solution to
the problem is an additional 9th bit in
each word line of the MCM 5003/5004
PROMs. These 512-bit memories are
organized into 64, 8-bit words, plus a
test bit. The test bits are also physically
located on the chip to provide worst-
case propagation delay, thus making
them doubly useful in testing. Sixteen
of the test bits are mask programmed to
have open links. This allows meaning-
ful dc tests at the wafer-probe stage.
After packaging, another 16 bits are
programmed for final testing in the
same manner as the custorier would
program them. Final testing provides
data on nichrome quality and word
driver capability under actual pro-
grammed conditions. The customer
receives his parts with 32 unprogram-
med test bits which can be utilized
in testing both the ROM and his own
programming procedures.
Additionally, the MCM 5005 (a 1024-
bit PROM), currently under develop-
ment at Motorola, is manufactured as a
33 X 33 array to provide in-house test
capability. However, the user will have
access only to the main 32 x 32 array.

Black tin oxide process
coats computer frames

Black tin oxide is no longer a mere
decorative finish. Now computer
frames are being finished with an im-

FEBRUARY. 15,
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DIRECTIONS

proved black tin oxide process which
produces a low-cost, uniform surface
having high electrical conductivity and
superior resistance to corrosion.

The improved process was de-
veloped at IBM’s systems development
laboratory in Poughkeepsie, N.Y. In it,
the tin surface is anodized in a phos-
phate bath to produce the black color.
This step also creates microscopic frac-
tures on the nodular tin surface. The
coated part is then dipped in unsaturat-
ed oil, drip-drained, and baked at
300°F for 30 minutes. This seals the
microscopic surface fractures, provides
superior corrosion resistance and pro-
duces an even, black matte finish that
resists fingermarking.

Unlike most metal oxides, black tin
is a good electrical conductor. Engi-
neers found that sealing the surface
with unsaturated oil also lowered the
finish’s contact impedance to less than
1 ohm. Samples of the improved finish,
after accelerated 5-year tests, showed
no degradation of conductivity. This
makes the finish particularly suitable
for computer frames which must be
grounded to form an electrical shield.

The black tin oxide finish is cost
competitive with painting. No buffing
or other finishing is needed. The finish
is applied in under 1-mil thicknesses,
and evenly covers complex geome-
tries. Black tin oxide also demonstrates

excellent adhesion.

Pericom
head .
alignment
tape.

Our verified head alignment tape makes
all your drives accurate and compatible. It’s
positively guaranteed because it’s the most ac-
curately recorded skew tape available. Also the
least expensive. Full width recordings in choice

of lengths.
©617)237-4052

Pericomp, Corp.

The very first in products to make your
computer system more reliable.

Pericomp, Corp./ Natick Industrial Park, Natick, Mass. 01760.
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Systematic savings
through...

Up to this point we have stressed
the increased system performance
offered by MECL 10,000. Now let’s
consider system savings. As data

MC10133 Quad Latch — Consists of four
bistable latch circuits with D type inputs and
gated Q outputs. Latch outputs are gated,
allowing direct wiring to a bus. All four latches
may be clocked at one time with the common
clock, or each half clocked separately with
its own clock. Useful as a temporary storage
element in high speed central processors,
accumulators, register files, digital communi-
cation systems and instrumentation.

MC10162 Binary To One-Of-Eight Decoder —
Decodes a three bit input word to a one-of-
eight output. A high level on either enable
forces the outputs low. Features true parallel
operation; ie, propagation delay from every
input to any given output is the same, elimi-
nating unequal delay times found in other
decoders. Allows easy expansion of memories
or other computer addressable functions, and
can be used as a data distributor.

10

processing systems become smaller
and faster it is necessary to evalu-
ate the effect of MSI approaches
that will reduce package count and

MC10164 8-Line Multiplexer — For use wher-
ever data multiplexing or parallel to serial
conversion is desirable. Full parallel gating
permits equal delays through any data path.
The output incorporates a buffer gate with
eight data inputs and an enable. A high level
on the enable forces the output low. The
MC10164 can be connected directly to a data
bus due to its open emitter output and output
enable.

shorten processing times. Here ar¢
four new MECL 10,000 MSI func
tions that illustrate savings that car
be expected.

MC10179 Lock-Ahead Carry Block — A power-
ful MSI function consisting of 10 low power
gates internally connected for the look-ahead
carry function. Recommended for use with
the MC10181 4-Bit ALU, or the MC10180 Dual
Arithmetic Unit, to accomplish high speed
arithmetic operations on long words. Highly
useful for reducing system package count for
the function generation of several variables.
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MECL \&6:6

designs

_et’s look at typical applications;
or example, this 16 line multiplex
ystem utilizing the MC10164 and
MIC10162. Two MC10164’s are used
o multiplex 16 lines in to 1 total
lata line out. A counter using MC-
0131 flip-flops generates an address

code to step through the 16 data
lines. The data line and clock sig-
nal are sent to a demultiplexing sys-
tem at the receiving point. MC10162
decoders are used to demultiplex the
serial data to 16 lines out. A counter
using MC10131’s produces the

MECL and MECL 10,000 are trademarks of Motorola Inc.

MECL \&3,Edd eliminates
the alternatives. Evaluate
and compare!

MOTOROLA MECL

. . . for faster computers & systems

CIRCLE NO. 412

decode address and a reset line is
provided to synchronize the counters
to the proper initialization state.

The system utilizes twisted pair
transmission lines to send data. The
MC10105 Triple OR/NOR Gate
generates complementary output
signals which are received by the
MC10116 Triple Line Receiver.
This system is capable of 150 mega-
bit operation resulting from MSI
advantages of less circuit delays and
fewer circuit interconnects.

The adjacent illustration shows a
typical 32-bit arithmetic processing
subsystem comprised of a dual rank
32-bit storage register using the
MC10133 Quad Latch with gated
outputs. The clock to output delay
is typically 3.5 ns with the gate or
strobe delay of only 2 ns. With this
approach, addition of two 32-bit
words is improved from 30 ns with
ripple-carry techniques, to 18 ns by
using two MC10179 Look-Ahead
Carry Units. Arithmetic operation
times may be significantly reduced
for words with larger bit counts by
the simple addition of the MC10179
to the arithmetic operation.

These are a few ways that MECL
10,000 can offer systematic savings
through new MSI techniques. For
further specifications write to Moto-
rola Semiconductor Products Inc.,
P.O. Box 20912, Phoenix, Arizona
85036. And for immediate evalua-
tion call your nearby Motorola
distributor.
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MOS KEYBOARDS
& DATAKEYS

MOS KEYBOARDS PROVIDE THE FOLLOWING OPTIONS:

« ASCII Coding » Repeat Function

* Custom Coding ¢ Qutput Latching

* Multi-Key Roll-Over * TTL/DTL Compatibility

* Interlock * Low Power Consumption

» 4 Mode Shifting « Plug-in Code Changeability
« Delayed Strobe » Wired-OR Capability

» 0dd or Even Parity » Design Simplicity

CUSTOM KEYBOARDS can be designed to your exact
requirements using MOS or TTL logic circuitry.

DOUBLE SHOT LEGEND BUTTONS are available in a vari-
ety of sizes, colors and legends. Specials can be made
to order.

RIGIDLY CONSTRUCTED ELEC-TROL KEYBOARDS employ
a metal mounting panel to support the SNAP-LOCK
DATAKEYS, thereby protecting the PC Board from
operating stresses.

Phone, wire or write:

EILIE|C;T|R

26477 N. Golden Valley Road
Saugus, Califarnia 91350
Phone: (213) 788-7292

(805) 252-8330
TWX: 910-336-1556

-

DATAKEYS ARE AVAILABLE INDIVIDUALLY allowing you

to manufactu

re your own keyboards and arrays. These

units employ a hermetically sealed con-
tact providing a minimum of 20 million
operations from low level to 10 watt
loads.

SNAP-LOCK DATAKEYS are particularly
suited for data terminal keyboards:

e Touch, feel and stroke

* Ease of Assembly

* No mounting hardware required

« Internal diodes available

LOW-PROFILE DATAKEYS are designed for
calculators, portable equipment or
wherever minimum height is required:
*,750" overall height

* Short Stroke

 Ease of Assembly

» Mounts directly on PC Board

KEY ARRAYS employing either SNAP-
LOCK or LOW-PROFILE DATAKEYS are
available. Custom arrays can be fur-
nished to your exact requirements.

Reshaping concepts in electronic components and systems!

CIRCLE NO. 413
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Microprogramming leads to an
efficient virtual computing system.

Here is one way to implement a virtual computing system. The approach saves main
memory space, speeds operations, and requires no special operating system monitors.

). Kjell Hovik and Winston W. Hodge, International Peripherals and Computer, Corp.

There are several nagging problems inherent in today’s
large multiprogrammed computing systems. One is the
tremendous overhead and machine inefficiency which
occur with software systems, and another is simply insuffi-
cient main memory. One answer is the virtual concept—a
configuration which permits programs to be written as if
virtually unlimited storage was available. This system re-
duces overhead and provides complete transparency to
operator and peripheral equipment.

An idea evolves

Even in single-program computers, programmers find
themselves with routines that cannot be accommodated
within the main memory. Superimposing program subrou-
tines and swapping defined program space from main stor-
age to disc was developed to reduce the problem of insuf-
ficient storage. Referred to as “‘core swapping,” it is more
specifically defined as a technique whereby primary infor-
mation currently stored in main memory is exchanged
with updated information in a backup or secondary stor-
age. During swapping, programs and/or data are moved
from primary to secondary storage to allow the transferring
of the newly required information to the primary storage.
Normally, the resident software performs the swap; thus, it
is transparent to the user.

The concept of swapping evolves into the concepts of
page exchanging or paging. Swapping refers to program
overlays where the overlay size is not well defined.
In paging schemes, all program and data storage require-
ments are divided into pages. Therefore, a certain number
of pages make -up a program. If the number of pages ex-
ceeds the main memory capacity, a paging routine in the
system supervisor is called, and then- only the required
pages for a valid program operation are transferred into
the main storage. In a large multiprogrammed system,
many users’ programs may exist simultaneously in memo-
ry. If main storage is insufficient to handle these separate
programs, then the total program space is subdivided into
pages. Therefore, paging can be performed on multiple
simultaneous programs, with the total program space con-
sisting of primary and secondary storage.

Primary storage is the main storage of the central pro-
cessing unit (CPU), and the secondary storage generally is
disc file or drum. This combined storage (primary and
secondary) is called the virtual memory.

When the same system has both multiprogramming and
a virtual memory, then each programmer appears to have
complete control of the machine. The organization of data
in Fig. 1 illustrates how this occurs. This apparent machine
is designated a virtual machine, and several virtual
machines are referred to as a virtual system. Fundamental
to the virtual system approach is core swapping or paging.

CH 14

Virtual concept takes form.

Attaining certain design goals effectively requires a vir-
tual memory and paging. These goals include:

— A virtual system must accommodate several oper-
ator control consoles, either local or remote to the
computer. Each console must give the programmer
or operator the appearance that he is in sole posses-
sion of the computer.

—Basically, the system should be a multiprogram-
ming, batch processing oriented system capable of
handling 16 to 200 simultaneous users.

—Each virtual machine must have a reasonable re-
sponse time under worst-case loading conditions.

- —The system should be flexible to permit, without
any programming effort to the operating system, a
change in the number of virtual machines within the
virtual system.

Developing a practical virtual system requires the host
CPU to have certain hardware features for proper control
by the supervisor and to avoid excessive software over-
head. These features include:

—Identical instruction set for the virtual machine and
virtual system so that the machine can directly exe-
cute nonprivileged instructions.

—A virtual system must distinguish between privi-
leged and nonprivileged instructions. A firmware
supervisor must be aware of any attempt by a virtual
machine to execute a privileged instruction or to
change its operational mode.

—Main storage for the basic operating system must
be protected from the various virtual machines.
—There must be complete isolation between virtual
machines.

—All virtual machines should share common oper-
ating systems so that each virtual machine will not
require redundant system operating monitors.
—Each virtual machine should have a virtual diag-
nostic program so that any machine can run diag-
nostics without interfering with other virtual ma-
chine operations.

—No special operating system should be required.
The virtual machine concept should be micropro-
gram controlled to increase the system efficiency.
However, costly software support for this function is
not tolerable. '

Because the capacity of the main storage is insufficient
for all users’ virtual memory, the system employs the pag-
ing scheme. The virtual main memory is divided into 4096
byte blocks, designated pages. Only the currently active
pages (such as those in current use) remain in the main

FEBRUARY 15, 19722
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[ INFORMATION SET #2

EEE
T

INFORMATION SET #3
INFORMATION SET #4

Fig. 1 Organization of data in the main storage of the virtual com-
puter machine: The four different colors indicate four different
users are using the machine simultaneously, without being aware

storage, while the others are maintained in secondary stor-
age. The activity of the pages is monitored and as a page
falls under the inactive category, it is swapped with anoth-
er page in the secondary storage. This swapping is trans-
parent to the virtual machines, programmers, and opera-
tors. A paging routine in firmware determines which pages
should be swapped, and part of the paging routine is the
paging algorithm.

The paging algorithm is divided into two parts — analysis
and paging routines. The analysis routine controls the pro-
cessor whenever a paging queue occurs. This routine, us-
ing a special hardware analysis function, determines all
pages involved in the execution of the instruction generat-
ing the interrupt. The analysis routine then determines
which required pages are not resident in memory and
builds a stack containing all information required to bring
them into memory. Finally, the analysis routine enters the
task that generated the interrupt into the paging routine’s
queue.

When the analysis routine terminates, the paging rou-
tine gains control of the processor whenever the disc re-
sponsible for paging detects an 1/O termination or when

of one anothers’ presence on it. Data is organized into 16 byte
information sets on a 40 byte memory field. As many as 200 users’
data could be interleaved in the same manner.

that disc file is idle.

The scheme that accommodates the virtual storage con-
cept whenever the storage addressing capability exceeds
the main storage alone is called dynamic address transla-
tion. This approach, usually microprogrammed, obtains its
relocation tables from an extended local storage. When
dynamic address translation is activated, all storage ad-
dresses originating within the processor (except for hard-
ware generated addresses) are subject to translation.

Virtual storage is divided into user identification num-
bers (UID) and pages, with a page table for each UID. To
locate 4096 bytes of data in core storage, the dyanmic
address translation microroutine references a UID table
entry and page table entry in a two step process.

Prior to initiating the task process, the UID table loca-
tion is entered into one of several control registers—the
UID table registers. Actually, this is a specified area in the
extended local storage. The UID table contains an entry
for each UID number called for by the task, and each UID
table entry designates the page table location. Each page
table lists the 4096 byte units (pages) of main storage
where data or instructions relevant to a task are located,

CH: .15




and each page table entry designates the physical location
of a page.

To expedite the translation of logical addresses in virtual
storage into actual main storage addresses, each logical
address is divided into four fields, as illustrated.

USER IDENTIFICATION ’ CONTROL
NUMBER (UID) PAGE BYTE FIELD
4 bits 8 bits | 12 bits 6 bits
0 4 1112 23 24 29

The UID field serves as an index to the UID table. A
corresponding UID table entry points to the main storage

location of a page table. Page field is an index to the page
table. The corresponding page table entry contains the
address of the main storage block related to the virtual
storage page under translation. The displacement field
undergoes no change during translation and reduces the
translated main storage block address to the byte level.
The control field contains information necessary to attain
efficient paging.
Virtual system takes form

Most third-generation computer architectures (See Fig.
2) employ a virtual memory or virtual system concept.
Special op codes are microprogrammed within a software
operating system monitor and exist as resident firmware in
a system to adapt software to the virtual memory concept.

TYPICAL CPU ARCHITECTURE

MAIN
STORAGE

LUOMIOO >

v =
-
D BUS
REGISTER

e e e e e e e e

.
SKEW
CONT
ALU
F
EXTERNAL s
INTERRUPTS
/
4
B BUS
REG
MPX
TELETYPE
TYPE OR RAM BRANCH
INTERFACE CONTROL CIRCUITS

Fig. 2 Typical CPU architecture of a third generation computer
depicts the main frame building blocks and method of interfacing
main storage, local storage, and 1/O devices via standard chan-
CH 16

STORAGE

nels. As shown, it can accommodate virtual computing systems as
implemented by special microprogramming.
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For example, IBM generated one new,op code to accom-
plish their virtual memory system along with some hard-
ware modifications. To speed up the transfer between the
CPU and their associative memory box, a new S| type in-
struction was added to the System 360 repertoire. This
associative memory instruction requires about 30 microin-
structions and is a privileged instruction that can be used
only in the supervisor state.

IBM achieves their virtual memory systems with some
microprogramming or firmware assistance. However, sub-
stantial software support is required, and IBM actually
“SIMULATES"" a virtual memory system rather than ““EM-
ULATE" the virtual system concept with firmware. All pag-
ing and memory management, if built entirely under mi-
croprogram control, provides much more efficient ma-
chine operation, because emulation is more effective time-
wise than simulation. In addition, an emulated virtual
memory system requires no special operating software.
Third-generation architecture is used by IBM, and this
concept is achieved with minimal hardware modifications.

Going from virtual to main.

In transferring data from virtual to main memory, micro-
programmed matching algorithms perform the UID match-
ing that provides dynamic address translation in real time.
For a machine having 16 virtual systems, programming (in
the local storage unit) stimulates a 16- by 16-bit associa-
tive memory. There is a 1:1 correspondance between the
16 words of the emulated associative memory and the 16
pages of the main memory.

Each word of the associative memory is divided into
three fields. The first field is the user identification field
that specifies the user ID number. Page address is the next
field, and the last field represents the main storage loca-
tion for the virtual memory data.

A microprogram loads the associative memory words.
An instruction, such as the latest additions to the standard
IBM 360/370 instruction set for generating the virtual con-
cept, loads or assigns a user ID number to each virtual
machine. The virtual address field of a given associative

_memory register in the local memory stores the page

PHYSICAL
COMPUTING

SYSTEM

MICROPROGRAMMING FOR
VIRTUAL COMPUTING SYSTEMS

Fig. 3 A time-shared virtual computing system appears to the user

VIRTUAL VIRTUAL VIRTUAL VIRTUAL
COMPUTING COMPUTING COMPUTING [PSPPIPSPRIRPRPPS  CO\PUTING
SYSTEM 1 SYSTEM 2 SYSTEM 3 SYSTEM 16

000 ©

as if he is the exclusive user of it.
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Profit
Through
Quality

By Sidney Weinberg

A practical guide to help production and general
managers analyze quality and reliability policies for
their companies. The author discusses the basic re-
quirements for a Q and R policy and shows how and
where to use them to increase profits.

CONTENTS: Profit in Quality and Reliability;
Basic Requirements of Q and R Policy; Human Con-
tribution to Quality; Increasing the Proportion of
Good Quality; Standardization and Specification;
Role of Inspection; Development I: Innovation and
Improvement; Development II: Increase in Re-
liability; Purchase of Quality.

Order now. If you are not convinced that this book
will help improve your company’s profits, return
within 15 days for full refund or credit.

Illus. 192 pp. $10.95
Cahners sook pivision

89 Franklin St., Boston, Mass. 02110
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number of the virtual page that currently occupies the
physical page in main memory, which is located by that
given associated memory register. The user ID field of a
given associative memory register will store the user num-
ber assigned by the control microprogram for that particu-
lar user currently utilizing the physical page associated
with that associative memory register. Six control bits form
the control field. These bits help develop the various page
replacement algorithms necessary for determining which
page to replace when page swapping occurs. Page swap-
ping takes place when the physical memory is full and a
new page is called for. These six bits are:

Use bit—ON when a corresponding page has been
used. When all bits are ON, the microprogram resets
them, and a new cycle is initiated.

Activity bit—ON every time the corresponding page is
used and reset only when the page is swapped. This bit
enables the control microprogram to load main storage
with pages that might be used. On execution, when the
memory is full, the control program interrogates the acti-
vity bit to see if these anticipated pages have been used.

Change bit— ON whenever any portion of data in the
page which it controls is changed. That is, it indicates
whether it is or is not necessary to write data back in
through the secondary storage when swapping that partic-
ular page. If data originated within the secondary source
(such as a disc into main memory), and if it has not been
modified in main memory, it is unnecessary to rewrite it
back into the secondary storage.

Lock bit—ON under microprogram control whenever
the control microprogram decides a particular page should
not be considered as a possible candidate for swapping.

Transit bit—ON indicates the data is currently being
swapped into or out of the actual page associated with
that associative memory register.

Vacancy bit—one per word and indicates which words,
and therefore which actual pages, are still vacant or un-
used. The microprogram indicates the address, in binary
code, of the associative memory word that matches the
interrogating data during the memory interrogation cycle.
During translation this encoded address becomes the ac-
tual page address.

Virtual system in operation

A time-shared virtual memory system is illustrated in
Fig. 3. An interesting fact about this configuration is that
the microprogram regenerates the main storage address
from both a virtual address in local storage and from a
natural address in the main storage address register using
the machine data flow and ALU. After the first address is
prepared, main storage is addressed. Constants added to
the previous main storage address generate subsequent
main-storage addresses. After an allocated time, as speci-
fied by the microprogram, the present virtual machine is
dumped and another is loaded. When the computer system
is in time-sharing mode, the microprogrammed associative
memory is interrogated each time a new address is generat-
ed. Then a new address is generated by the microprogram
as a main storage address for the CPU.

The interrogating tag consists of the high order 6-bits of
an 18-bit memory address along with the 4-bit user 1D
code. The user code was previously set into the associa-
tive memory by the microprogram. If a unique match oc-
curs in coded 8-bit addresses, it is substituted for the origi-
nal 8-bit virtual address. This encoded address and the
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original low order 12-bit address are then put on the
memory address bus, and the cycle-initiate pulse is sent to
the memory.

When in the time-sharing mode, if the microprogram
determines there is no match, the control microprogram is
informed that the virtual page being addressed by the cur-
rent user is not in main memory. The microprogram, by
interrogating the various control bits and the vacancy bits,
determines the actual page to use for storing the required
virtual page. Once the actual page is determined, the
transit bit, that represents a particular page, is set ON, the
appropriate I/O command is given, and the CPU control is
then turned over to the next user.

If when in a time-sharing mode the microprogram indi-
cates that more than one match is discovered during ad-
dress translation (which should not occur) an error routine
is entered and in-line diagnostics are run. A special place
on the disc file system is employed for writing all diagnos-
tic information that can be accessed by a customer engi-
neer at the appropriate customer engineering service time.

The above description applies to the 360/370 system,
and it is possible for an instruction to cross page bounda-
ries while using the basic IBM 360/370 instruction set.
Likewise, it is possible for the operands of certain instruc-
tions to cross page boundaries. The problem of what hap-
pens when an instruction or one of the variable operands
crosses a page boundary and the next page is not in main
storage must still be solved. A possible solution is as fol-
lows: When an instruction crosses a page boundary where
the second page is not in main storage, it is possible to
calculate through microprograming, the beginning address
of the instruction being fetched. Also, since execution does
not occur until the last part of the instruction is read from
main storage, the restart problem is just a matter of start-
ing the instruction fetch from the beginning, once the
balance of the instruction is available. &
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Happy Endings For
Flat Ribbon Cables

.250 inch high type for
loading with diodes,
resistors, capacitors,
other components.

Low profile type —
.170 inch high.

14 and 16 thick and
thin pin types.
Pins numbered inside
and outside bases.
High quality,
high reliability,
molded-in pins.

Top, side or end _
entry caps.

Available as complete
assemblies — ribbon
cable and connectors,
ready for use.

Low as 19c each in
volume.

Excellence in Engineered Wiring
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Harnesses-Make or Buy?

Excellence in Engineered Wiring
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And it doesntlook
like a circuit breaker.

Therein lies its beauty.

When you use the JC rocker-
handle circuit breaker as a front-
panel on-off switch you get over-
load protection, too. Without the
expense of using a switch and a
breaker.

Behind that handsome rocker
handle is the engineering and con-
struction you know Heinemann
for. Hydraulic-magnetic protec-
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tion. Which means precise ratings
from 0.020 to 30 amp. 32, 50, and
65V DC; 125 and 250V at 60 Hz
and 400 Hz. Job-matched time de-
lays or non-time-delay response.
Temperature-stable trip points.
Optional special-function internal
circuits. One, two, or three-pole

HEINEMANN

CIRCLE NO. 417

models. And a five-year warranty.

Oh, yes. The rocker handle
comes in white or gray.

A pretty attractive package. All
around.

Write us for Bulletin 3381.
Heinemann Electric Company,
2808 Brunswick Pike, Trenton,
N.J. 08602. Or Heinemann Electric
(Europe) GmbH, 4 Diusseldorf,
Jagerhofstrasse 29, Germany.

4933
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Convert NRZ(M) signals to binary
with little muss ‘n fuss

The translation of non-return-to-zero (mark) code to binary
is a straightforward task and requires only a handful of ICs.

In NRZ(M) recording, magnetic tape is always saturated in
one direction or the other. The reversal in polarity occurs
each time a logic “1” of binary data is recorded. To pro-
cess this recorded information, the data reduction system
must convert the NRZ(M) code to the binary equivalent.
The timing diagram illustrates the NRZ(M) representa-

tion for the binary word 1011100110111. The circuit
shown converts only one track of recorded information, in
other words a single circuit/track. Before a logic ‘1" (ris-
ing or falling edge) occurs, flip-flops Z1 and Z2 are reset
either manually or externally by gates G1 and G2. (For
multi-track applications the reset signal for all circuits

NRZ (M) o

INPUT

= )o o BINARY
L4 G4 OUTPUT

MANUAL

pser 9 0
O8IC o  p—

RESET

Clock Pulses

Binary Word

+

NRZ (M) Signal

Flip-flop Z1

@
Flip-flop 22

i
@ '—L

e

-Binary Output

TR B R R

should originate at the same source.) Because the flip-flops
react on the falling edge of a signal, Z1 toggles when the
input NRZ(M) goes low and Z2 toggles when the input
goes high. Consequently, either condition makes the out-
put gate, G4, generate a high level.

This circuit is designed such that both flip-flops are reset
7.5 usec after a set operation. Thus, the 7.5 usec positive

pulses on the output represent the logic 1" for the re-

quired binary information. Both flip-flops are WM 215 (J-K
type) and all gates are NAND circuits.

FOR A FREE REPRINT CIRCLE NO. 479

Author’s biography

William W. Barber manages
the design of test equipment in
the Ordnance Systems Dept.
at Westinghouse Electric Corp.,
where he has been employed
for 16 years. Mr. Barber is a
member of IEEE.
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LAMB ELECTRIC OFFERS
COMPUTER-ORIENTED
PRECISION

Yndfimmer” blowers

for quiet, “working air”...

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

World’s smallest

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.

~
~

INCHES H,0 VACUUM

0 20 40 60 80 100 120 140 160

CFM

...DG SERVO MOTORS for
thoroughly reliable
control.

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

g

1000

=
o
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800 1200 1600

TORQUE—-OZ. IN.

For additional information,
contact AMETEK/Lamb Electric,
Kent, Ohio 44240

Telephone: (216) 673-3451

AMETEK / Lamb Electric

CIRCLE NO. 418

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

CIRCLE NO. 419

A REQUIRED volume for every
manager of an R&D laboratory,
engineering or scientific team . . .

MANAGEMENT
OF RESEARCH,
DEVELOPMENT
AND DESIGN
IN INDUSTRY

By T.S.McLEOD Technical
Coordinator, Plessy Co., Great Britain
Budgeting, organization, cost effective-
ness and day-to-day management prob-
lems treated in a practical, workable,
professional method based on the au-
thor’s experience in reorganizing 50 lab-
oratories of diverse disciplines in over
50 different geographical locations and
involving over 6,000 specialists., $12.50
s w15 DAY FREE TRIAL EXAMINATON PERIOD wes s

Cahners Books EDN

89 Franklin St., Boston, Ma. 02116

Please send me copies of MANAGE-
MENT OF RESEARCH, DEVELOPMENT
AND DESIGN IN INDUSTRY at $12.50
() Bill Me () Bill Company

() Check Enclosed (We Pay Postage)
Name
Company
Address

City/State/Zip
Mass, Residents Add 3% Sales Tax
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PROGRESS IN PRODUCTS

Modular power supply line comes in
three sizes and spans 44 models

PROGRESS IN
POWER SUPPLIES

Hewlett-Packard, a pioneer and leader
in laboratory bench-type supplies, is
going into the modular power supply
business in a big way. It's New Jersey
Division is introducing a family of 44
modular power supplies (the Series
62000) with outputs ranging from 3 to
48V and 0.45 to 17A. Available in
three rack sizes (1/8, two 1/4 and 1/2),
the series includes 11 voltage steps of
3,4,5,6,10,12, 15, 18, 24, 28 and
48V. Each voltage step is available in
four different current ratings (see box).
Rated output voltages are adjustable
within 0.5V or +15%, whichever is
greater. Input is 104 to 127V ac, 48 to
63 Hz and is completely isolated from
the output.

The Series 62000 units are series
regulated and feature 0.01% line and
load regulation. Ripple and noise is
less than 1 mV rms and 3 mV peak-to-
peak (dc to 20 MHz). Temperature co-
efficient is 0.01%/°C. All supplies are
rated to deliver the full output to 50°C
and are derated to 71°C. Transient re-
covery to within 15 mV is in 50 usec.

Hewlett-Packard took a semi-inte-
grated circuit approach in designing
these supplies (the voltage-error, over-
current-limiting and reference-supply
amplifiers are 1Cs) to allow for flexibili-
ty in changing standard supply models
to custom-designed ones.

In addition to built-in overcurrent
protection (103% and 10% activation-
point limits) each supply has overvolt-
age protection via an optional internal
crowbar whose trip level can be ad-
justed from 0.5V above the minium
rated output voltage to 2.0V above the
maximum output voltage by a rear-
panel screwdriver-adjustable control.
Over-temperature protection is also

Three different rack sizes covering 44
models are the start of a new line of modu-
lar power supplies for the Hewlett-Packard

provided through a heatsink-mounted
thermostat, which opens the fused ac
line if the supply ambient temperature
rises too high and causes supply over-
heating. The thermostat automatically
resets itself when the ambient tempera-
ture drops down to a safe operating
level.

Additional protection is provided
against reverse voltages. Remote volt-
age sensing is standard and the load is
protected against damage by inadver-
tent opening of a sensing lead.

An interesting systems feature of the
Series 62000 supplies is the optional
overvoltage protection which can be
crowbarred with an external trigger
input. It also provides an output signal
for triggering other power supply crow-
bars, if needed. As part of the same op-
tion, access to the supply summing
point is provided for remote turn-on or
turn-off of the dc output.

Prices are $89 for the 1/8-rack sup-
plies, $125 and $145 for the 1/4-rack
versions (higher-priced 1/4-rack ver-
sions have twice as much output cur-
rent) and $195 for the 1/2-rack sup-
plies. OEM discounts will apply. Deliv-
ery on standard models will be stock to
2 weeks, starting in April 1972. Cus-

New Jersey Division. The supplies cover 3~ tom supplies may take up to 6
to 48V and 0.45 to 17A. weeks. 325
62000 Series modular power supplies
Current (amperes)
dc 1/8 rack 1/4 rack 1/4 rack 1/2 rack
voltage (A module) (C module) (E module) (G module)
3 2.0 4.25 8.5 17.0
4 2.0 4.0 8.0 16.0
5 2.0 4.0 8.0 16.0
6 1725 3.75 75 15.0
10 1.5 3:25 6.5 13.0
12 1i:5 3.0 6.0 12,0
15 1225 2.5 5.0 10.0
18 1.0 2.25 4.5 9.0
24 0.75 175 3.75 7.5
28 0.70 1.5 3.25 6.5
48 0.45 1.0 2.0 4.0




Reed switch senses temperature
limits and resets automatically

PROGRESS IN
REED SWITCHES

Everytime someone predicts the de-
mise of electromechanical switching,
new advancement not only forestalls
that death, but further strengthens the
relay’s position in the industry.

The introduction of the TS-55 and
TS-75 temperature sensors is just such
an advancement. Before now, reed
switches may have been used in cir-
cuits that protected against overtem-
perature, but a discrete sensing ele-
ment was required. The TS-55 and 75
reed switch/temperature sensors are
magnetically biased with a segmented
magnet which encircles the reed cap-
sule. These magnets are seperated by a
special material which, at normal tem-
peratures, will shunt the magnetic flux
lines away from the reed mechanism.
When the Curie point of this separation
material is reached, it becomes non-

Decapsulation process permits low-cost

Table 1—General specifications
Electrical characteristics:
Contact arrangement . . . . . . SPST ¢
Switching ratings . . . . . ... dc—28V 100 mA
ac —110V. 50 mA
Actuate tme .. 4 o i w oive o 5-10 sec
Thermal characteristics:
TS-75  T15-55
Open temperature . . . . . . . 65°-75°C  45°-55
Close temperature . . . . . . . 60°-70°C  40°-50
Hysterisis . . .+« « .+ . .. . 10°Cmax 10° max
Unit repeatability . . . . . ... *0.5°C +0.5%
Physical characteristics:
Overall length . . . . . .. .. 1.235 in.
Trimlength. < < < o oo o 0.7500N,
Diameter. . ..o v v voon 0o 0.250 in.
Weightc s s a6 svmam ae ok 1.2 grams

magnetic. The magnetic field then
opens the reed contacts. When the
temperature falls below the Curie
point, the separation material regains
its normal magnetic permeability, and
the reed contacts close.

of obsolete or defective equipment.

PROGRESS IN
PACKAGING

Both manufacturers and users of en-
capsulated parts and equipment may
benefit from a new process which
removes most potting compounds
completely and harmlessly.

The new process, called ACCESS, is
the property of the Amphenol SAMS
Div. of Bunker-Ramo Corp., which
acquired it from its developers, Decap-
sulation Services, Inc. The ACCESS
process is proprietary and, other than
to say that it is a complex process that
varies according to the encapsulant

being removed, Amphenol is not di-
vulging any details.

They do say, though, that it can
remove such compounds as polyure-
thanes, polysulfides, silicon rubbers,
butyl compounds, epoxies, foams and
room-temperature vulcanizers.

Until now the ACCESS process has
only been used in certain military
modification programs. But Amphenol
expects that it can have even wider use
in the general aerospace and industrial
fields, particularly if it is considered in
the design of items that will require
access for engineering or maintenance
purposes at a later date. 343

New capacitors fill the gap between
aluminum and tantalum

PROGRESS IN
CAPACITORS

Alsicon, a new line of sintered alumi-
num capacitors, and SP-Con solid
electrolytics fill an important slot that

66

has been empty for a long time. Per-
formance of these capacitors rivals that
of tantalum in many areas such as leak-
age current, especially at elevated
temperatures, as typified in Fig. 1.

The TS-55 and TS-75 reed switch/tempera-
ture sensors are preset to trigger at 50 or
70°C. Reset is automatic, and the devices
are hermetically sealed

By varying the composition of the
shunt material, the Curie point can be
set to virtually any temperature above
50°C (122°F). These sensors are set to
operate at 50° £5°C and 70° =5°C.
Hamlin, Inc., Lake Mills, WI, 53551.

327

refurbishing

Cable harness termination (left) can be
stripped of its polyurethene encapsulant
completely and with no damage to insula-
tion or parts by the ACCESS process (right).

Physical size of the new capacitors is
much smaller than that of comparable
aluminum electrolytics. For example, a
standard aluminum 2.2uF capacitor
that measures 1/4 x 1/2 in. can be

EDN/EEE FEBRUARY 15, 1972



replaced with an equivalent Alsicon
which measures only 1/8 X 1/4 in.
Perhaps the most impressive feature
of these capacitors is their price. Un-
like their performance, which leans

toward the tantalum side of the scale,
Alsicon and SP-Con capacitors are
priced only about 10 percent higher
than aluminum, or around half the
price of tantalum.

Newly introduced Alsicon and SP-Con capacitors rival solid tantalum in size and perfor-
mance but are priced almost as low as aluminum electrolytics.

Low-cost double-balanced
mixers increase in performance

PROGRESS IN
BALANCED MIXERS

Mini-Circuits Laboratory of Brooklyn,
N.Y. is not a very large company by
contemporary standards, although it's
growing. The firm is certainly big,
however, when it comes to high-per-
formance, low-cost double-balanced
mixers. The company has introduced a
dc-to-500 MHZ mixer with left and
right rf ports rated for a frequency

range of 0.1 to 500 MHz and costing.

only $9.95 in 500 quantities.
Additional SRA-1-1 specifications
include a 6-dB conversion loss, isola-

tion of 40 dB and a fairly low noise fig-
ure—1/2 to 1 dB greater than the con-
version loss. Input impedance is 50€)
for all ports and operating temperature
range is —55 to +100°C.

Absolute ratings include total input
power of 50 mW, total peak input cur-
rent of 40 mA and a pin temperature
rated for 10 seconds at 510°F.

Packaged within an emi-shielded
metal enclosure and a hermetically
sealed header, the mixer measures 0.8
by 0.4 by 0.4 in.

Mini-Circuits  Laboratory, 2913
Quentin Rd., Brooklyn, NY 11229.
Phone: (212) 252-5252. 326

Readers of EDN/EEE can request an
evaluation sample (on company letter-
head). Sakata/Sanyo, Sakata Interna-
tional, 208 South La Salle St., Chica-

go, IL 60604. 328
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Fig. 1 —Typical leakage current-vs-temper-
ature curves show how closely the new
sintered aluminum Alsicon capacitors re-
semble tantalum devices.

Mini-Circuits’ SRA-1-1 double-balanced
mixer covers an rf range of 0.1 to 500
MHz yet costs only $9.95 (500 quantities).
Even for quantities as low as 6 units, the
price is only $11.95.

Digitally-controlled microwave attenuator
has stable characteristics

PROGRESS IN
PACKAGED CIRCUITS

A new series of digitally-program-
mable microwave attenuators from
Engelmann Microwave offers signifi-
cant performance advantages over con-
ventional diode attenuators.

Whereas most PIN-diode attenuators
are designed to control relatively low-
power signals of only a few millivolts,

the new MOD series can handle pow-
ers of up to 20W in C-Band. And the
phase and impedance characteristics
are stable over a wide frequency range.
Thick-film Resistors

Like pure diode attenuators, the new
MOD-series units use PIN diodes to
provide fast switching, but the actual
attenuation is provided by thick-film
ceramic resistors. Because resistors are
passive the attenuation and phase shift

do not depend on frequency. Each
diode is normally in one of two stable
states — it is either ON or OFF.
Stripline circuitry

The attenuators are packaged in rug-
ged modular assemblies. The base sec-
tion of the assembly houses the RF cir-
cuitry which is built using stripline
techniques. A removable box contain-
ing the driving and filtering circuitry
mounts on top of the aluminum base
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Radically New!

Photo-Isolated
Solid-State Relays

...from IR/Crydom

Transient-free
Zero-Voltage Switching of
2-10-25 Amp AC Loads

...from DCorAC signals!

True Zero-Voltage ‘“Turn-On”
Transient-free switching requires
true zero voltage ‘“turn-on” and
“turn-off”’. Note Crydom’s superior
crossover action during switching.

Realize the full potential of solid-
state switching! Photo-isolation
eliminates transients, isolates all
inputs from AC loads that can
cause false triggering. Zero volt-
age switching (at no extra cost)
makes transients and RF| caused
by arcing contacts or current in-

- rush impossible. Switch 120V and

240V circuits directly from low-
level IC signals, or from standard
120V AC control voltages. No mov-
ing parts, transformers, coils or
reed relays, means top reliability.
The “4-way” industrial type termi-
nals cut installation time and cost.
They’re your best buy for power,
performance, price. Send for data!

Contact Your Local IR Office for Details. ..

CRYDOM CONTROLS TaR

DIVISION OF INTERNATIONAL RECTIFIER

1521 Grand Ave., El Segundo, California, 80245 (213) 322-4987

CIRCLE NO. 21
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section. Thus the driver section can be
modified or repaired without disturb-
ing the critical RF section.

In the stripline assembly, individual
metal-film T’ networks are switched
by pairs of high-speed PIN diodes. The
number of “T"" networks provided de-
termines the number of discrete incre-
ments of programmable attenuation.
Because of the constant-impedance
characteristics of the chip resistors,
line-length variations can be easily
compensated by including phase shif-
ters in each transmission path to pro-
vide value-to-value phase linearity.

Additional circuitry in the driver
module provides the correct switching
currents for the diodes and interfaces
the attenuator with conventional TTL-
logic circuits. Filters isolate the RF cir-
cuits from the control logic.

Stable phase shift

Each MOD-series attenuator covers
a frequency band of up to a full octave.
Different versions are available for fre-
quencies from UHF to Ku band. Per-
formance depends, of course, on the
specific frequency band and attenua-
tion range specified. A typical S-Band
attenuator has a maximum phase-shift
variation of 3° across the band 3.1 to
3.5 MHz, with a dynamic range of 10
dB. Versions can be built with total at-
tenuation of up to 100 dB and with
programmable increments as small as
1dB.

In small quantities, standard versions
in the MOD series cost from $800 to
$1200 each. Engelmann Microwave
Co., Skyline Dr., Montville, N |
07045 329

Unpainted version of one of Engelmann’s
new digitally-controlled microwave atten-
uators. The base section (shown at the top
here) is a stripline assembly sandwiched
between two aluminum heat sinks. The
removable compartment screwed to the
base section houses the driver circuits.
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COMPUTER PRODUCTS

g s b . /
PROGRAMMABLE CRT TERMINAL. Series
200 features a programmable MOS ROM of
up to 4K, 16-bit words and a MOS RAM of
2K, 10-bit words for display refresh. Charac-
ter set is 64 ASCIl upper and lower case.
Page format has 80 characters/line x 25
lines/page. Serial interfaces handle 110 to
9600 baud rates; transfer rates are up to
350K 10-bit bytes/sec. Price is $4570; dis-
counts available. Computek, Inc. 143 Al-
bany St. Cambridge, MA 02139. 193

TWO DC MINICOMPUTERS. Model 50 is a
16-bit data communications processor. It
features an LSI ROM with 80 nsec cycle
time and up to 65K bytes of core main
memory with 1.0 usec cycle time. Price is
$6800 with 8K bytes core memory. Model
55 is a 16-bit dual-processor communica-
tions system. Used in parallel, instruction
execution time is 500 nsec. Price is $15,900
with 16K bytes core memory. Interdata,
Inc., Two Crescent Place, Oceanport, N |
07757. Phone (201) 229-4040. 195

MINICOMPUTER PRINTER. System 5096
interfaces with the DEC PDP-8 family and
gives a 100-character/sec printout rate. It
consists of a serial impact printer, a DATUM
controller, diagnostic and 1/O driver soft-
ware and all necessary cables. Other fea-
tures are multiple copies and low cost (un-
der $3000). Standard model prints the 64-
character upper-case ASCIl subset. Other
formats are available. Datum, Inc., 170 East
Liberty Ave., Anaheim, CA 92801. Phone
(714) 879-3070. 198

MINICOMPUTER CORE MEMORY. An 8
192 word, 16-bit core memory unit mount-
ed on one 15-inch square pc board is avail-
able for Nova-line computers. One 8K
board costs less than two of the present 4K
memories. Prices are $4100 for the 1200
nsec version and $4400 for the 800 nsec
model. Quantity discounts are available.
Data General Corp., Southboro, MA 01772.
Phone (617) 485-9100. 194

mESE Wemen
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DIGITAL INPUT/OUTPUT CALCULATOR.
Model 400 is an automatic, real time, all
solid-state, programmable calculator that
performs arithmetic operations on num-
bers entered in BCD form directly from
digital measuring instruments, thumb-wheel
switches, card readers, etc. Price of Model
400 with two 5-digit BCD inputs is $1850.
Each additional 5-digit BCD input is $250.
Novatronics Co., Inc., P.O. Box 516, Stump
Rd., Montgomeryville, PA 18936. Phone
(215) 368-4400. 192

MINIATURE CALCULATOR Model 1008 is
only 5 X 7 inches, weighs about a pound,
and runs from a self-contained rechargeable
battery. Features include 8-digit display,
positive and negative multiplication, con-
stant factor multiplication and division,
power calculations, and underflow answer
protection. The $325 price includes travel
cover and a battery charger—ac adapter
powerpack. Friden Div., The Singer Co.,
San Leandro CA 94577. Phone (415) 357-
6800. 196

MOS RAM MEMORY SYSTEM. Type
1103LC memory system uses Intel 1103
dynamic MOS RAMs and stores 4K, 9-bit
words on one 7 X 10 inch pc board, in-
cluding all clock drivers, decoders, level
shifters, and other interfacing circuits. Price
is about 1¢/bit in OEM quantity. Max cycle
time is 950 nsec and max access is 600
nsec. A system may be expanded by adding
identical boards. Intel Corp., 3065 Bowers
Ave., Santa Clara, CA 95051. Phone (408)
246-7501. 197

DISC FILE. The 650 flexible disc file is a
read-only device designed for digital appli-
cations, and can write and read discs inter-
changeably from unit to unit at a transfer
rate of 200 kilobits/sec. It includes drive
mechanism, recording head, head actuator,
and related electronics. Capacity is 1.5
megabits, track-to-track access time is less
than 50 msec. Memorex Corp., San Thomas
at Central Expressway, Santa Clara, CA
95052 Phone (408) 987-2200. 199

A MINICOMPUTER NAMED SUE, derived
from the term ““System User Engineered,”
offers a choice of four memory modules —
two core and two LSI—intermixed in any
combination. System capacity is 30K x 16.
A SUE computer with 4K memory sells for
$4295. An 8K version sells for $5895, and a
16K version is $9795. Lockheed Elec-
tronics, Inc., Data Products, Div., 6201 E.
Randolph St., Los Angeles, CA 90040.
Phone (213) 722-6810. 200
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THE FIRST COMPLETE GUIDE TO FOREIGN BUYING

Handbook of International Purchasing

The world is fast becoming one big
market place, and more and more
American companies are finding that
they can increase profits through
foreign purchasing. Few buyers, how-
ever, know exactly how to go about it.
Handbook of International Purchasing
is the first complete guide for everyone
concerned with purchasing and profits.

Written by Paul H. Combs, inter-
national purchasing specialist for Inter-
national Telephone and Telegraph
Corp., it tells all about how to get
started in foreign buying, terms of
payment, shipping methods, trading
associations, how to select the right
supplier, how to negotiate with foreign
firms, how to establish a foreign buying
office, licensing, how to assure avail-

ORDER THESE MANAGEMENT
GUIDES ALSO:

COMPLETE GUIDE TO
PROJECT MANAGEMENT
by Dennis L. Lock

Systems and techniques which can be used
with profit in large or small plants, on
projects worth $200 or $2 million. Costing,
controlling, evaluating an industrial project
so that it is completed on time, according to
specs, within budget. Over 60 how-to-do-it
examples, control charts, forms. illus. 224 pp.

$10.95

INVENTORY CONTROL IN
PRODUCTION AND MANAGEMENT
by Adin B. Thomas

How to achieve big cost reductions and
larger return on capital by efficient inven-
tory management. A successful blend of
theories by an expert who knows them all.
illus. 224 pp. $11.95

PROFIT THROUGH QUALITY
Management Control of Q and R Techniques
by Sidney Weinberg

Practical production and general managers’
guide to analysis of quality requirements
and establishment of effective, profitable
quality and reliability policy. 192 pp. 12 illus.

$10.95

ability of materials for production, how
to cope with fluctuating currencies and
other risks.

Also provided are specific aids in-
cluding a glossary of export-import
terms and actual samples of most types
of international purchasing contracts
and other important documents.

Comb’s Handbook of International Pur-
chasing will prove an invaluable aid for
both beginners and experts in foreign
buying and should be required reading
for all purchasing executives and their
assistants, owners and managers of
companies of all types.

Published in cooperation with
the editors of Purchasing.

rummnmmmmunmm-mmm'_‘-q

All books available on 15-day free trial

CAHNERS BOOKS

89 Franklin St., Boston, MA. 02116
Please Send These Books:

QUANTITY TITLE

~___________  Handbook of International
Purchasing $9.50

_ Complete Guide to Project
Management $10.95

___ [Tnventory Control in Production
and Manufacturing $11.95

. Profit Through Quality $10.95

NAME
POSITION
COMPANY
ADDRESS —=u Sl
CITY - — - . . ;STATE Z1P

] PAYMENT ENCLOSED [] BILL MY COMPANY
[] BILL ME

|

EDN 2-15-72

@mmm—ﬂunu-“ﬂmn-—-—-

L . B & N _: 2 B _ B B 2 B B B B B B R B B B |

All Books Available On Fifteen-day Free Trial « Send Check And We Pay Shipping « Satisfaction Guaranteed
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DIGITAL

PRINTING MECHANISM
MODEL EP-101

e Low Cost

e High Reliability

e Low Power
Consumption

e Compact

e Field Tested

e Long-Life
Patented Motor

e Black and Red
Printing

SPECIFICATIONS:
SPEED: 2.8 Lines/Sec. SIZE: 6.4 in. Width

COLUMN CAPACITY: 21 Columns
NO. CHARACTERS: 16 per Column
CHARACTER SIZE: 0.114 in. Width

0.071 in. Heigth
DATA ENTRY: Parallel

5.3 in. Heigth
4.0 in. Length

WEIGTH: 5.5 Ibs.
POWER: 15 # 3 VDC.

SALES AGENT IN NORTH AMERICA:

C. ITOH & CO. (AMERICA) INC.
624 So. Grand Avenue

Los Angeles, Ca 90017

(213) 627-3175

245 Park Avenue
New York, NY 10017
(212) 986-7900

CIRCLE NO. 23

OMPACT -METERS

Best for size, performance

No. 685 Moving Coil pancake edgewise meters, without bar-
rel projection, may be mounted together for comparison
reading applications. 30% larger dial area for better readability.
Shielded high torque movement for all ranges 50 UA up to 750
volts, VU meters, and AC rectifier type voltmeters.

No. 2015 Custom 1'2” Panel Meter. Hoyt proven high torque
movements, quick response, fine damping. Linear design cases
with optional color variations. No. 2015/B distinguishes panels
with die cast metal bezel for mounting meter behind panel.
Small, compact and unique in design. Available in all DC, VU
and rectifier type movements. Visit booth 2346 at IEEE Show.

No. 685 Meter (without bezel)
24" x 1"

No. 2015, 134" square;
No. 2015/ B (with bezel)

HOYT ELECTRICAL INSTRUMENT WORKS, INC.
BURTON-ROGERS COMPANY / Sales Division
556 Trapelo Road, Belmont, Massachusetts 02179
(617) 489-1520

CIRCLE NO. 24

Flyweights — from "The Cube' — with more VA per pound.
Like 2.5 KVA from 2.7 pounds. And only 3.75 x 4.00 inches,
too. Because they're wound with aluminum foil instead of
wire. No way you can get that brand of volumetric efficiency
with wire. Ten standard units from 150 VA to 2.5 KVA, open
frame and hermetically sealed. Efficiencies from 90-96%,
regulation 3-5%. For 400 Hz with 115 V input. Other ratings,
frequencies, for isolation or auto transformers on request.
Take poundage penalties off your airborne or mobile sys-
tems with these. And without adding cost.-Write us at 1710
South Del Mar Avenue, San Gabriel, California 91776. Or
call (213) 283-0511.

S“ electrocube /Capacitors, EMI Filters, RC Networks

Aluminum foil-wound
transformers

CIRCLE NO. 25

MODEL
MINIATURIZED
A.C.toD.C. POWER MODULE

 Power module for Nixie* displays

This rugged module, designed specifically for use
with high voltage display devices, provides a
nominal output of 185 VDC at 25 ma . . . drives
up to seven Nixies. Only 3.5” x2.3” x 1”. May be
mounted directly on a p-c board. Order Model
NX-25. Price: $35.00. Shipment: Three days.

Acopran

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

*Registered trademark, Burroughs Corporation

CIRCLE NO. 26



COMPONENTS/MATERIALS

FERRITE RECORDING HEADS for instru-
mentation recording and reproduction are
warranted for 4000 hours. The heads will be
offered initially in Ampex Model FR-2000
systems. They also are available as replace-
ments for FR-2000s currently in use. Price of
a complete head assembly ranges from
$8010 to $9500, depending on size of tape.
AMPEX Corporation, 401 Broadway, Red-
wood City, CA 94063. Phone (415) 367-

4151, 170

4
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»MAGNETIC LATCHING RELAY features

contact memory. Set to operate at 5, 6, or
12Vdc nominal these relays are furnished
with contacts which will transfer from a 5.5
msec pulse. With ““magnetic memory”’ the
contacts will remain in open or closed posi-
tion without requiring any holding current.
Package has 3/8” height, and power re-
quired is 13 mW per pole. Frederick Con-
trols Division, North American Philips Cor-
poration, Frederick, MD. 21701. 171

PRINTED CIRCUIT ROTARY SWITCH is
vertically mounted. Twelve active terminals
and a “common’’ are brought down to a
common junction point. Thirteen pins,
equally spaced on 0.100” centers, protrude
downward for soldering into the receiving
printed circuit. No hand wiring is necessary,
and prices start at $1.85 each in quantities
of 1000. Stackpole Components Company,
P.O. Box 14466, Raleigh, NC 27610. 172

SWITCH CAPSULES of the TC-1/C series
use a newly patented multi-unit parallel
contact grating to replace conventional
contacts. A travel of only 0.005 in. is re-
quired to activate these switches, and this
point is repeatable to within 0.001 in. The
units are available with ratings between
50mA/12V ac and 5A/220V ac. Wild Rover
Corp., 97 Oak St., Norwood, N. J. 07648.
Phone 201-768-8393. 173

GaAs LED, Type He-500, is world’s smallest
discrete infrared light source. This GaAs
device radiates at a peak wave-length of
900nM. Continuous forward current is rated
at 50mA continuous and 1A peak. Forward
voltage drop is 1.35V and radiated power is
ImW at 50mA. Typically rise time is 15 nsec
and fall time 50 nsec. Price in 1000 piece
quantities is $1.25 each. HEI, Inc., Jonathon
Industrial Center, Chaska, Minn. 55318.
Phone 612-448-3510. 174

o

MICRO-MINIATURE TEMP RECORDERS
feature —1% Accuracy. When exposed to
the rated critical temperature, the indicator
window turns in less than one second from
pastel to black, for a direct readout which is
permanent and irreversible. Free evaluation
sample and complete specifications from
William Wahl Corporation, Temp-Plate
Division, 12908 Panama Street, Los Ange-
les, CA 90066. 175

-y

16-SEGMENT FIBER-OPTIC READOUT has
built-in decode/drive 1Cs. Model 902 is
compatible with TTL and operates from
+5V. It will generate all alpha-numeric
characters, plus a number of symbols. Char-
acter size is 0.420 by 0.420 in. and it is
available in six standard colors. Master Spe-
cialties Co. 140 Monrovia St., Costa Mesa,
CA 92627 Telephone: (714) 642-2427 176

““SCREEN SWITCH"”” developed for use with
rear projection displays. The series 0123
Readout incorporates a switch with a single-
pole momentary contact, consisting of two
copper laminated mylar squares, separated
by a plain mylar square with a built-in aper-
ture. Price of the Readout is $44.50 each.
Industrial Electronic Engineers, Inc., 7720-
40 Lemona Ave., Van Nuys, CA 91405.
Phone (213) 787-0311 177

FLAT PLATE RESISTOR NETWORK has
adjustable portion. The symmetrical sub-
strate design provides for an adjustable
pick-off voltage (capabilities to 30 meg-
ohms) centered between two fixed resis-
tors with resistors up to 50 megohms each,
provided voltage rating is not exceeded.
The price is approximately 86¢ each in pro-
duction quantities. CTS Corp., Elkhart Divi-
sion, 1142 West Beardsley Avenue, Elkhart,
IN 46514. Phone (219) 523-0210. 178
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COMPONENTS/MATERIALS

12-BIT R/2R RESISTOR NETWORK, Model
310979, is pin-for-pin replacement for Se-
ries 811 ladder. The network, 1 X 1 X Ya
in. high, features full scale accuracy of
+0.12 percent over the total range of —55°
to +125°C. Standard values are 1K/2K,
2.5K/5K, 5K/10K, and 10K/20K. Vishay In-
tertechnology, Inc., 63 Lincoln Highway,
Malvern, PA 19355. 179

TANTALUM CAPACITATORS, Type DNS,
are solid electrolyte, dipped devices offer-
ing higher stability and volumetric efficien-
cy than conventional electrolytes. Available
in units rated from 6 to 50 WVdc and 0.1 to
330uF, their standard tolerance is 20 per-
cent, with =10 percent or 5 percent units
available on order. National Components
Industries, Inc., 5900 Australian Ave., West
Palm Beach, FL 33407. Phone (305) 842-
3201. 180

OVERVOLTAGE PROTECTORS are de-
signed to protect electronic equipment
against damage from over-voltage. The
units are connected anywhere along the dc
line and use a silicon SCR ““crow-bar’’ cir-
cuit and solid-state reference unit. Trip volt-
age range is 4.5 —40V dc. Response is with-
in 10 usec. Prices range from $65 to $110,
dependent on quantities. ERA Transpac
Corp., 67 Sand Park, Rd., Cedar Grove, N |
07009. Phone (201) 239-3000. 181

CRT CONTRAST ENHANCER, the FM52,
allows CRT displays to be viewed in direct
sunlight, for use in locations such as air-
craft cockpits. The ultra-high-contrast filters
can be furnished as separate bezel mounted
units or permanently bonded to customer
specified CRT’s. CRT phosphors matched
by the FM52 filter include P1, P22G, P31,
and P39. Hartman Systems Div. of A-T-O,
Inc., Huntington Station, Long Island, NY
11746 Phone (516) 427-7500. 182

PULSE RATE CONVERTER will convert
electrical pulses into an equivalent direct
current; this enables metering of pulses to
be displayed on a standard instrument. The
low rated unit will take inputs of 2-20 pul-
ses/min. The second unit operates in the
ranges 4-40 pulses/min. Both transducers
have an output range of 0-10 mA into loads
“up to 1500 ohms. Ferranti Ltd., Instrumenta-
tion Div., Monston, Manchester, England.
Phone (061) 681-2000. 183

MULTI-LAYER MATERIALS for intercon-
necting offer compatibility and dimensional
stability. Multi-layer boards may be de-
signed using flexible tongues as extensions
for interconnecting, resulting in the elimina-
tion of interconnecting hardware. Fortin
Laminating Corp., 1323 Truman St., San
Fernando, CA 91340. Phone (213) 365-
9651. - 184

SOLID STATE READOUTS, the 740 series,
offer character heights of 0.125 or 0.205 in.
Characters are formed by monolithic GaAsP
diodes and require only 90 mA at 5V, in-
cluding display and decoder. Logic input is
BCD at TTL levels. Dialight Corp., 60 Stew-
art Ave., Brooklyn, NY 11237. Phone (212)
497-7600. 185

HIGH BRIGHTNESS LED INDICATORS,
the CM4-20 series, are provided in a choice
of clear or diffused epoxy lens. IC compati-
ble, the GaAsP series produces 2600 foot-
Lamberts at 70 mA or 50 f-L at 10 mA. Chi-
cago Miniature Lamp Works, 4433 N. Ra-
venswood Ave., Chicago, Il 60640. Phone
(312) 784-1020. 186

FREE WALL PLAQUE — Connector selection
guide/“Mad  Maze”’. This two-sided,
14 x 22 in. wall plaque has information on
insulator materials, contact and plating
materials and a glossary of connector terms.

The other side is a humorous “‘interconnec- |

tion maze.” Elco Corp., Willow Grove, PA
10090. Phone (215) 659-7000. 187

DOUBLE BALANCED MIXERS, Models
M6D and M6E, offer frequency ranges of
0.05 to 200 MHz and 5 to 500 MHz. Both
mixers are guaranteed to meet their specifi-
cations during and after environmental
stressing, per MIL-STD-202D. Price, in unit
quantities, is $37 each. Relcom, 3333 Hill-
view Ave., Palo Alto, CA 94304 Phone
(415)961-6265. 188

FREE SAMPLES—150 deg. C. metallized

polysulfone capacitors. More than 200 ca-,

pacitance values are available for each of
four voltage ratings— 100, 200, 400, and
600Vdc. Six case styles can be furnished.
Samples are offered in round wrap-and-fill
case. Electrocube, Inc., 1710 S. Del Mar
Ave., San Gabriel, CA 91776. Phone 473-
3765. 339

It’s ugly.

shelf for most configurations.

single- or multiple-output.
Check it out today. Call
(714) 833-2950.

44,69

No frills, no gimmicks, no specmanship. Right.

We've got the same story with all
our other supplies, open or enclosed

5V/6A
COMPUTER
OEM SUPPLY

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

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-

OLV-30
Output: 4V/6A to 28V/1.7A
(16 models avail.)
* Temp range: 0-55°C
Line & load reg: 0.1%
Ripple & noise: 0.1%

ELEXON POWER SYSTEMS

18651 Von Karman, Irvine, Calif. 92664
An Elpac division..'E
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CIRCUITS

A 1-W CW AVALANCHE DIODE OSCIL-
LATOR operating at. 10.5 GHz (X-band) is
the Model OXM-5000. Including its own
heat sink, the oscillator weighs only 12 oz.
Temperature range is 0 to +55°C. Load
VSWR is 1.2:1.0 and noise factor is 200 Hz
in a 1-kHz bandwidth from 10 to 100 kHz
away from the carrier. Raytheon Co., 130
Second Ave., Waltham, Mass. 02154.
Phone (617) 862-6600. 291

PLUG-IN RELAYS the 6800 series, provide
high-density switching capability. The re-
lays are packaged between PC boards for
direct plugging into card-edge connectors
in a standard card frame allowing for com-
mon wiring by Wire-Wrap or DIP solder
backplane. Available with 36 to 72 poles,
the relays enable as many as 21,600 switch-
ing points to be packaged into a 19-by-94-
in. rack. Cost is $1 per pole in quantities. T-
Bar, Inc., Wilton, CT. Phone (203) 762-
8351, 340

BAND-PASS TOUCH-TONE FILTERS are
specifically designed for the data transmis-
sion industry. Standard center frequencies
of 697, 770, 852, 941, 1209, 1336, 1477
and 1633 Hz located within £0.5% are
available to conform to telephone industry
standards and requirements. Price is ap-
proximately $19.50 each in lots of 100.
Electronic Associates, Inc., W. Long Branch.
NJ. 07764. Phone (201) 229-1100. 292

ULTRA-MINIATURE TRANSFORMERS have
guaranteed thermal stability. Typical speci-
fications are primary and secondary im-
pedances of 3 to 250 k), +3-dB, 300-
Hz-to-100-kHz response, 600-mV dissipa-
tion and maximum dimensions of 11/32 in.
diameter and 15/32 in. in length. Prices
span $3 to $10. Pico Electronics, Inc., 316
W. First St.,, Mount Vernon, NY 10550.
Phone (914) 699-5514. 293

DIP DOUBLE-BALANCED MIXERS cover
0.05 to 1500 MHz. Z-Match units offer low
conversion loss (5 to 6 dB), low intermodu-
lation generation, high interport isolations
(40 dB), and —55 to +100°C operating
temperature range. All types employ care-
fully matched Mil-grade Schottky barrier
diodes and wideband hybrid transformers.
Var-L Co., Inc., 3883 Monaco Parkway,
Denver, CO. 80207. Phone (303) 321-
1511, 341

DUAL TOUCH-TONE RECEIVER, the
QTTR-30, can be programmed for up to 720
addresses for automatic control operations
over radio. Fast response time and high
noise immunity are features of this unit for
use over the switched telephone network.
Entire receiver circuit is mounted on a sin-
gle PC board. Quindar Electronics, 60 Fa-
dem Rd., Springfield, N J. 07081. Phone
(201) 379-7400. 296

OMNUIG -
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AC PHASE CONTROL called Omnephase is
only the size of a postage stamp yet is capa-
ble of governing load power up to 3000W
at 220V. The device occupies less than 1/4-
in.? of space. Cost ranges from less than $1
in production quantities (series 602) to
$7:22 (series 1504) in 1 to 9 quantities.
Omnetics, Inc., Box 113, Syracuse, NY
13211. Phone (315) 455-5731. 297

TWO SOLID-STATE RELAYS are priced 30%
less than comparable units. Designated the
TIH501 and TIH502, the relays are priced at
$6.50 each in 1000-piece quantities. Both
relays feature triac outputs with optically
coupled 1500V isolation between input and
output. They have zero-crossing detection
and are rated for 140V ac and 8A. Texas In-
struments, Inc., 13500 N. Central Express-
way, Dallas, TX. 75222 Phone (214) 238-
2011. 298

T

CASCADABLE MICROWAVE THIN-FILM
AMPLIFIERS ranging from 5 to 400 MHz
with usuable gain through 1000 MHz are
the TO-12 GPD devices. Each GPD can be
plugged into a PC board with ease. GPD
units are available with either 9 or 13-dB
gain with noise figures ranging from 6 to 9
dB. Cost is under $30 (production quanti-
ties) and delivery is from stock. Avantek,
Inc., 2981 Copper Rd., Santa Clara, CA.
95051. Phone (408) 739-6170. 342
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CIRCUITS

POWER CONVERTER MODULE converts
115V ac 60 Hz to 6A dc (Model Z6). Con-
version of 47 to 440-Hz ac lines to 50W of
regulated power is achieved in a package
that measures only 4 by 2-1/4 in. Delivery is
7 days and price is $219 (1 to 4). Abbott
Transistor Laboratories, Inc., 5200 W. Jeffer-
son Blvd., Los Angeles, CA. 90016. Phone
(213)936-8185. 300

DUAL DC POWER SUPPLY (+15V at 200
mA) for powering linear ICs includes an
input isolation transformer. At constant in-
put voltage, the output regulation of the
DPM-15/200 for load changes of no load to
full load is +0.1% and voltage regulation
for line changes at constant load is =0.05%.
Price is $69 and delivery is from stock. Da-
tel Systems, Inc., 1020 Turnpike St., Canton,
MA. 02021. Phone (617) 828-6395. 301

REGULATED DC-AC INVERTERS with si-
nusoidal output handle 250 VA of power.
They convert 28V dc nominal inputs into
115V ac, 60 or 400-Hz outputs. New models
feature a master oscillator power amplifier
design which separates the load from the
frequency determining elements. Prices
range from $335 to $450 and delivery is
within 30 days. ERA Transpac Corp., 67
Sand Park Rd., Cedar Grove, N. J. 07009.
Phone (201) 239-300. 304

D/S, 14-BIT CONVERTER composed of
Standard Hardware Program modules is
designed to NAFI requirements (Naval
Avionics Facility, Indianapolis). It consists
of a single transformer-card module and 7
circuit-card modules designed for mounting
in a simplified rack. Total width of all mod-
ules combined is 7.5 in. Astrosystems, Inc.,
6 Nevada Dr., Lake Success, NY. 11040.
Phone (516) 328-1600. 303

INDUSTRIAL LOGIC MODULES for pro-
cess control and monitoring applications are
designed to link monitoring and control
devices to standard DTL and TTL logic. The
N J Series modules use photo isolation to
provide high noise rejection and up to
1500V of ground isolation. Price is from
$82 to $120. Zerox Data Systems, 701 S.
Aviation Blvd., El Segundo, CA. 90245.
Phone (213) 679-4511. 302

S/D AND D/S 14-BIT CONVERTERS for
military and commercial applications in-
clude standard models for either 60 or 400-
Hz systems. They provide accuracies to =4
minutes and angle resolutions to 1.32 min-
utes of arc. Angular rates of 1500 deg-
rees/sec with 400-Hz synchros and 225
degrees/sec with 60-Hz synchros. Bendix
Corp., Environmental Science Div., 1400
Taylor Ave., Baltimore, MD. 21204. Phone
(301) 825-5200. 305

1
New Approach
To Capacitive

Measurements!

Digital Capacitance Meter Converters

Series 2450
4Y> digits

Series 2350
3Y2 digits

New capacitance measuring techniques give results unaffected by
capacitance of long cables to the point of measurement or stray

capacitance to ground

e Accuracy of an automatic capacitance bridge at a fraction of the cost

e Analog and BCD (optional) outputs

e Two- or three-terminal measurements—with up to 25’ of cable.

Grounded guard.

e Capacitor testing and sorting up to 2000 pF

Capacitance difference and deviation (bipolar)

e Signal conditioning with display for capacitive probes, cells and
transducers for measuring, recording or controlling moisture in
solids, ingredient ratio, level, flow, shaft position, micro-
displacements, thickness, torque, etc.

Write for FREE series
2000 bulletins today!

SPEARHEAD

iNnc.

1401A Cedar Post Lane Houston, Texas 77055 (713) 464-4882

CIRCLE NO. 30

INSTRUMENTATION
AMPLIFIER

Model 310J...

Low Drift: £3,V/°C max
High Input R: 10MQ

High CMR: 100dB
Package: 1.5” x 1.5” x 0.4”

Gain: Adjustable from 10 to
1000 by One Resistor

And the 310J is only $29 in
single quantity! So send for the
data sheet today . . . and order
from stock tomorrow!

Call or Write Today!

Vl

FUNCTION MODULES, INC.
2441 Campus Drive
Irvine, California 92664
(714) 833-8314
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NEW SCs

FET features 140 dB dynamic range. Trans-
conductance of the CP640 is typically
75,000 mhos at 50 mA drain current, which
is an order of magnitude greater than the
average small signal FET. When used in
common-gate configuration, the CP640 has
an input impedance of 25() and interfaces
well with 50Q or 72Q antenna lead-ins.
Price is $15 each in small quantities. Tele-
dyne Crystalonics, 147 Sherman Street,
Cambridge, MA 02140. Phone (617) 491-
1670. 215
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SIX BIT D/A CONVERTER, the MC 1406,
uses diffused resistors rather than the NiCr
resistors used in most hybrid devices. Set-
tling time (to+1/2 LSB) is 200 nsec, and the
analog output is current mode, with 2.0mA
max. output. Price is $3.95 each in quanti-
ties of 100 or more. Motorola Semiconduc-
tor Products Div., Box 20924, Phoenix, Ari-
zona 85036. Phone 602-273-6900. 216

HIGH NOISE-IMMUNITY LOGIC
designated Series 15300, are second-source

1C’s,

pin-for-pin replacements to Series 300
HNIL. 20 various logic functions are includ-
ed in the initial product line, packaged in
16-pin plastic or ceramic DIP’s. Series
15300 devices are available from stock and
their Mil. temp. range equivalents, Series
15400, are available 6 weeks ARO. Texas
Instruments, Inc., 13500 North Central Ex-
pressway, Dallas, Texas 75222. Phone 214-
238-2011. 217

QUAD 2-INPUT MULTIPLEXER, the
DM7123/8123, multiplexes two groups of 4
bits each to four parallel outputs. A disable
command puts all outputs into the high-
impedance state, allowing up to 128 out-
puts to be bus-connected. When enabled,
the outputs will source up to 5.2 mA and
will sink 1T6mA. Prices are $18.60 each for
the 7123 (=55 to +125° C) and $6.20 for
the 8123 (0 to +70°C) in unit quantities.
National Semiconductor, 2900 Semicon-
uctor Drive, Santa Clara, CA 95051, Phone
(408) 732-5000. 222

MAGNETIC FLUX SENSITIVE DIODES,
type AHY10 A & B, are two specially dif-
fused germanium diodes that exhibit a
change in internal resistance when an exter-
nal magnetic field is applied. Of the two,
the AHY 10B is the more sensitive, and can
be biased to provide a 1.0 to 1.5V per kilo-
gauss output signal. Full data and an 8-page
application note are available. European
Electronic Products, 10150 W. Jefferson

Blvd., Culver City, CA 90230. Phone (213)
833-1912

219
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1.5 WATT ZENER DIODES, of the 1N4461-
89 series, are available in JAN and JANTX
versions that comply with MIL-S-19500/406
in most voltages from 6.8 to 11V. Reliability
is increased by a double-pin bonded design,
with the silicon chip bonded directly be-
tween the terminal pins. Prices begin at
$1.60 each in quantities of 100. Unitrode
Corp., 580 Pleasant St., Watertown, MA
02172. Phone (617) 926-0404. 220

2048-BIT STATIC ROM type MM 5203Q) is
erasable and reprogrammable. The silicon
gate MOS device features a maximum ac-
cess time of Tusec and Tri-State outputs. It
may be organized as 512 words X 4-bits or
256 words x 8-bits. Data is stored only
when the programming input is pulsed, and
the stored program is erased by shining ul-
traviolet light through the quartz lid. Price is
$150 in small quantities. National Semicon-
ductor, 2900 Semiconductor Drive, Santa
Clara, CA 95051. Phone: (408) 732-5000.

221

LOW DRIFT IC OP AMP, the 3500MP, is a
pair of op amps whose initial offset voltage
and drift are matched to 200uV and
1.0uV/° C max. Computer matching of
characteristics is used to select the 3500MP
pairs from the standard 3500B production
line. Price per pair is $16.90 in 100 quanti-
ties. Burr-Brown, International Airport In-
dustrial Park, Tucson, Arizona 85706.
Phone: 602-294-1431. 218

1L

SCHOTTKY TTL/SSI DEVICES, the 9S se-
ries, are second-source replacements for the
54/74 and 9N series of standard TTL/SSI
units. Typical gate propagation for these
circuits is 3nsec, and power dissipation is
typically 22mW per gate. Initially, the line
will consist of 8 standard devices and will
be expanded. Fairchild Semiconductor
464 Ellis St., Mt. View, CA 94040. Phone
405-962-3816. 223
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NEVER-SEEZ

ANTI-SEIZE AND LUBRICATING COMPOUND

HERE’S THE ANSWER TO
COSTLY MAINTENANCE

® Prevent seizure to 2000°F.

® Eliminate galling, pitting
and corrosion

® Reduce repair time

NEVER-SEEZ is easily applied for uniform parts coverage to
assure absolute parts protection. Speeds assembly and dis-
assembly. Available in 8 oz. brush top cans, ¥4 and 1 Ib. ap-
plicator top plastic squeeze bottles, 16 oz. aerosol spray con-
tainer and Y4 Ib. to 425 |b. standard metal containers.

WRITE FOR FREE 16 PAGE CATALOG

NEVER-SEEZ COMPOUND CORPORATION
2914-24 S. 18th Avenue, Broadview, Illinois 60153
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smallest FSF‘“ec:_ision
snap action switch yet!

Case dimensions of our new 4900 Series MINI-MITE switches
are less than .250” by .300” by .100”. Ratings are 2 amp. 125-
250V AC; 2 amp. (Res.) and 1 amp. (Ind.), 30V DC. Meet MIL-S-
8805 specs. Available with 4 types of terminals, pin plunger and
various lever type actuators.

new Qur néw 4800 Series sub-miniature
sub-miniature switches are rated 5 amp. 125-250V AC
switches with 5 amp. resistive and 2)5 amp. induc-

tive ratings at 30V DC. Case dimensions
are approximately .400” by .800” by .250”.
Available with 6 terminal types, a variety
of lever actuators and optional bifurcated
or dual gold contacts. Meet MIL-S-88056
specs. McGill Manufacturing Co., Inc.,
Electrical Division, Valparaiso,
Indiana 46383

- @ %
C ®
Available from .
Authorized McGill Electrical

and Electronic Distributors ENGINEERED SWITCHES
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The AN/PRC-25
had to be:

Deep drawn, Spot welded,
Heat treated, Embossed,
Pierced, Assembled

and Finished.

The AN/PRC 25 is a portable military field radio
tough enough to withstand the roughest battlefield
conditions. It has two sections . . . transceiver
case and a watertight battery box.

AMALCO produced both cases from 6061-T6
aluminum to the precise MIL-SPECS. Complete
facilities handle the job from the starting blank to
finishing. For the AN/PRC 25 this also included a
waterproof seal and mating extrusion.

(Delivery was on time.)

AMALCO supplied all the prime contractors for the
AN/PRC 25 - AN/PRC 77.

We also:

* Engineer and Design * Stamp * Test

* Brake Fabricate * Hydroform ¢ Heliarc Weld

* Spin * Anodize

But this is all just part of the
AMALCO story. Get the rest
from Charles W. Hunter
collect (201) 233-3500
today.

Manufacturers of Aluminum Products
for Industry Since 1910.

2.4 AMALCO

AMERICAN ALUMINUM COMPANY

230 SHEFFIELD ST., MOUNTAINSIDE, N. J. 07092
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DPM, 3-1/2-digit Model 4352, has planar
seven-segment 1/2-in.-high readout. Input
impedance is to 1000 MQ. An extended
operating temperature range permits opera-
tion from 0 to 55° C. Standard features in-
clude: auto-polarity, display hold, pro-
grammable decimal point and conversion
command. LFE Corp., 1601 Trapelo Rd.,
Waltham, Mass. 02154. Phone (617) 890-
2000. 224

PANEL METERS, Series “GL/b", feature flat
and rectangular black phenolic meters with
glass windows and modern fronts that re-
semble bezels so the meters may be easily
mounted behind the panel similar to bezel-
mounted meters. Three basic sizes are avail-
able: 3-1/2 in. (model 320-GL/B), 4-1/2 in.
(model 420-GL/B) and 5-1/2 in. (model
520-GL/B). Triplett Corp., Bluffton, OH
45817. Phone (419) 358-5015. 227

PULSE GENERATOR features an output of
10V into 50€). Its variable rise and fall times
are adjustable from 6 nsec to 500 msec. A
separate baseline offset controls the dc level
for both the positive and negative pulse
outputs. The unit is capable of duty cycles
up to 100% at all pulses repetition rates up
to 50 MHz. Price of the 5113 is $950 and
delivery is 2 to 4 weeks. Data Dynamics
Div., 240 Humphrey St., Englewood, N |
07631. Phone (201) 567-5300. 230

MULTIMETER, 3-1/2-digit Model 3300A,
includes 27 measurement ranges and is
priced at $435. Both internal battery-pack
and ac-line operation are standard. Model
3300A measures 100 mV to 1 kV ac and dc
in 5 ranges each, 100 uAto 1A ac and dc in
5 ranges each and 100Q) to 100 MQ in 7
ranges. Hickok Electrical Instrument Co.,
10514 Dupont Ave., Cleveland, OH 44108.
Phone (216) 531-8060. 225

DPM, 3-1/2-digit Model AN2532, features
0.1% accuracy and 55-ppm/° C stability
from 0° to 50°C. A floating differential input
is available in unipolar or bipolar models
with 1.999V or 199.9 mV full scale, includ-
ing 100% overrange. CMR is better than 70
dB. A choice of Nixie or 7-segment inplane
display is available. Price (100-up) is $95.
Analogic, Audubon Rd., Wakefield, Mass.
01880. Phone (617) 246-0300. 226

TIME-MARK GENERATOR, Model 226A,
supplies narrow 1V pulses at precise time
intervals for calibrating the time bases of
scopes and recorders. A single front-panel
control selects 30 time intervals that range
from 2 nsecto 10secina 1, 2, 5 sequence,
and correspond to the sweep timing on
most scopes. Price is $670 and delivery is 6
weeks. Hewlett-Packard Co., 1501 Page

Mill Rd., Palo Alto, CA 94304. Phone (415)
228

493-1501.

. L

LIQUID-CRYSTAL DPM, Model 4352, has
7-segment liquid-crystal display with excel-
lent readability in direct sunlight. Specifica-
tions are: 0 to £1.999V range, accuracy of
+0.1% of reading =1 digit, automatic po-
larity, and input impedance of 10 M. In
quantities of 100, the price is $85, with
shipment scheduled for March, 1972. Digi-
lin, 1007 Air Way, Glendale, CA 91201.
Phone (213) 240-1200. 229

. sealed,

TWO-CHANNEL RECORDER, Brush Model
222, has an internal battery supply and
charger permitting it to be used indepen-
dent of external power sources as well as
from them. In the self-powered mode, two
lead-lead-dioxide batteries allow
continuous operation up to 12 hours. Gould
Inc., 3631 Perkins Ave., Cleveland, OH
44114. Phone (216) 361-3315. 231

TWO SWEEP GENERATORS, Models 1204
and 1205, have up to 7 frequency markers.
The $1095 1204 covers 0 to 500 MHz in a
single band, with bandwidths from 200 Hz
to full sweep of 500 MHz. The $1395 1205
covers 0 to 1500 MHz in three bands with
sweep widths from 200 Hz to 600 MHz.
Telonic Industries, Inc., Box 277, Laguna
Beach, CA 92652. Phone (714) 494-9401.

232

EDN/EEE FEBRUARY 15,

1.9; 72



Ifyou are having your panels wired outside,
or if you are hand wiring “In house” . ...
We can save you a pile of money

(even if you only use our machine a couple hours a day)

This pamphlet shows you how
Send for your copy now!

CS CONTACT SYSTEMS, INC.

THE LEADER IN WIRING MACHINES
97 GOLDEN HILL RD. DANBURY, CONN. 06810 (203) 743-3837
CIRCLE NO. 35

The infinity switch

Series-1776 EECoSWITCHES are rotary thumbwheel switches avail-
able in a near-infinite variety of configurations.

Features include:
38 standard codes

« 8, 10, and 12 positions
component mounting

field-adjustable stops
mother-board compatible
terminals

provisions « four standard mother boards
« double-width message « up to 4 poles per switch
switches « EECo’s exclusive 2-year

lighting warranty
« black, grey or white colors

.

And — with prices as low as $3.00 for single units —the applica-
tion possibilities are infinite too!

Frce Want full data on the widest line -
of thumbwheel switches in the |
industry? Request our 12-page go
brochure. >
Electronic Products Division
Electronic Engineering Company of California
1441 East Chestnut Avenue, Santa Ana, California 92701

Telephone: (714) 547-5651
Dist. by: G.S. Marshall — Hall-Mark — Schweber

CIRCLE NO. 36

Meet the Extremists:

Measure
from
1 Gamma
1{0)
50,000
Gauss!

2 A complete line of

precls:on magnetic measurmg equlpment.

MODEL 505 GAUSSMETER  MODEL 750 GAUSSMETER  MODEL 3265 GAUSSMETER
* Lowest cost * Wide range o Unexcelled readability
o Self-contained * Versatile o High precision

A completely self- Features wide measure- Features absolute, dif-
contained instrument ment range, high ac- ferential and incre-
for magnetic field curacy and ease of mental measurement
measurement, operation. operations.

Send for Free technical booklet on
RFL Magnetics equipment.

RFL Industries, Inc.

Instrumentation Division - Boonton, N. J.

CIRCLE NO. 37

The great American switch.

The most complete line of UL listed subminiature switches.

Subminiature toggles, rockers and paddle handles by C&K.
The most complete line. All models and all options UL
listed. Best quality. Best price. Best delivery to any place

in the world. Now there’s a switch. Get the catalog (#700).
C&K COMPONENTS, INC.

103 Morse Street, Watertown, Mass. 02172

TEL: (617) 926-0800 — TWX: 710 327 0460

The great American switch company.

Also supplied: Pushbutton catalog (#800) Rotary Print Switch catalog (#900)

CIRCLE NO. 38
See C & K at the Computer Systems

Designers Show, East & West



DIGICATOR

A COMPLETE LINE
OF DISPLAY READOUTS

LOWEST

COST
PER DIGIT

SERIES 40

COMPLETE —
READY-TO-MOUNT
ASSEMBLY INCLUDES
BEZEL — LAMPS —
COLOR FILTER

PRICE PER DIGIT
10,000 QUANTITY

WITH SNAP-IN

FRONT PANEL MOUNTING

CONVENIENCE

250 NE 28th COURT s POMPANO BEACH, FLORIDA 33064

308 - 7810440

“)LDISGON SALES CDRPDRAIICJN
CIRCLE NO. 39

80

EQUIPMENT

RECORDER BUILDING BLOCKS provide a
new method of chart loading, a special anti-
jamming provision, a new 6-month warran-
ty on the recorder stylus, and an 18-month
recorder warranty. Features include auto-
matic chart loading, inkless recti-linear writ-
ing, dc-to-125-Hz response and multi-
speed chart drives. Gulton/Techni-Rite,
Route 2 and Middle Rd., E. Greenwich, R.1.
02818. Phone (401) 884-6800. 233

DIGITAL MULTIMETER has fully automatic
ranging; 27 ranges, including dc and ac
voltages, resistance and current; an auto-
matic polarity indicator; range hold/display
hold control; and is accurate to 0.5% on ac.
Cost is $350. Marubeni-lida (America) Inc.,
200 Park Ave., New York, NY. 10017.
Phone (212) 973-7152. 234

TWO STRIP CHART RECORDERS are the
single-channel Model 2761 with 3 ranges
for temperature coverage from =50 to
+ 250 degrees F, and the Model 2762 dual-
channel with 2 ranges from —40 to +150
degrees F. Both are calibrated for use with
standard thermistor sensors. Simpson Elec-
tric Co., 5200 W. Kinzie St., Chicago, Ill.
60644. Phone (312) 379-1121. 235

A PRECISION FILM DRIVE for use with a
35-mm shutterless camera has been de-
veloped to record data from a CRT tube
face. The face contains an intensity modu-
lated line trace which is imaged on the film
for recording. Film speed is continuously
variable from 0.5 to 20 in./sec. Inland Con-
trols, Inc., 250 Alpha Dr., Pittsburgh, PA,
15238. Phone (412) 782-3516. 236

LOCK-IN AMPLIFIER, Model/391, provides
a tracking front-end filter that eliminates
harmonics and overloading interference
without manual filters. Other features in-
clude frequency from 0.1 Hz to 200 kHz,
100-nV full scale sensitivity and a built-in
sine oscillator. Ithaco, Inc., 735 W. Clinton
St., Ithaca, N.Y. 14850. Phone (607) 272-
7640. 237

PHASEMETER, designated Model 305C,
features a 5-digit direct-reading panel dis-
play with resolution of 0.01° and an abso-
lute accuracy of better than 0.1° over a fre-
quency range of 50 Hz to 50 kHz. Price is
$2000 to $3500, depending upon plug-in
and options desired. Dranetz Engineering
Laboratories, Inc., 1233 North Ave., Plain-
field, N ) 07062. Phone (201) 755-7080.
238

THE CHOMERICS EF KEYBOARD IS
AMERICA'S No.1 SOFT TOUCH.

No key motion. Low profile: . 156" above panel; .430" below panel (including
pin-depth). 100,000,000 cycles. Up to 4 bits per key.

Available in 12 keys and 16 keys.

For a volume order of the 16-key board, we'll touch you for as little as $4
per. For the 12-key, that can become $3.

A 12-key sample comes for $7.
» The catalog's free.

» CHOMERICS, INC.
] 77 Dragon Court

America

2 soft touch 1s € s’ EB keyboard

Woburn, MA 01801

(617) 935-4850

CIRCLE NO. 40
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DIGITAL MULTIMETER, Model 5800, uses
a new rms distortion-insensitive ac convert-
er which equips the instrument to measure
the'rms value of sine waves having up to 5%
total harmonic distortion. The Series 5800
features 0.003% dc accuracy and 4 dc
ranges (1V to 1000V). Cost is $3150. Dana
Laboratories, Inc., 2401 Campus Dr. Irvine,
CA. 92664. Phone (714) 833-1234. 239

INDUSTRIAL ELECTRONIC COUNTER
and accessories includes a four-digit, dual-
preset model with Nixie readouts. Input cir-
cuits can be timed-dwell, multichannel-
combining or divide-by-ten. Outputs may
be ordered as: timed-closure, alternating or
solid-state. Controlcraft Corp., 213 Main St.,
W. Chicago, Ill. 60185. Phone (312) 231-
7511. 240

CLOSED-CIRCUIT TV CAMERA (TE-26-S) is
designed for hands-off operation under a
wide latitude of lighting conditions. The TE-
26-S utilizes a GE ““Epicon’” which makes it
four times more sensitive under IR light than
conventional vidicon cameras. General
Electric Closed Circuit Television, Box
4197, Lynchburg, VA, 24502. Phone (703)
846-7311. 241

MEMORY EXERCISER, Model 4602, is a
fast, versatile general-purpose test system
for development and production testing of
magnetic memories. Front-panel selection
of up to 65,536 addresses of a 40-bit word
and 192 data patterns in 6 operating modes
is standard. Price is $21,950 and delivery is
4 weeks. Technitrol, Inc., 1953 E. Allegheny
Ave. Philadelphia, Pa. 19134. Phone (215)
426-9105. 242

TONE-BURST GATED GENERATOR Model
TBG-4 can deliver a 3-dB 2-MHz band-
width. Its features include an adjustable
burst width from 1 usec to 100 msec and a
variable period from 10 usec to 1 sec. Rise
and fall times are 170 nsec. The instrument
accepts input from any lab signal source
and is priced at $179.95 ($105.95 in kit
form). TFE, Box 2232, Denver, CO. 80201.

243

AM-FM SIGNAL GENERATOR covers 0.4
to 484 MHz. Type SMDA features a guar-
anteed s/n ratio of 120 dB/Hz at 20 kHz
from the carrier. It contains six internal
modulating frequencies up to 6 kHz, with
external modulation possible from 40 Hz to
20 kHz. Price is $5400. Rohde and Schwarz
Sales Co. (USA) Inc., Passaic, N. J. 07055.
Phone (201) 773-8010. 244

NEW

Low Gost, 8-Bit
D/A Gonverters

Plugs into a Single 16 Pin IC Socket
All Hermetically Sealed Active Com-
ponents — No Plastic Devices

Thin Film Precision Resistors for
Extra Stability

= 8-Bit, Current Output

$990

in singles

The DAC 371-8 D/A Converter is a new complete 8-bit, fine performance unit,
economically priced at $9.90 in singles. It incorporates all the standard features
— built-in reference, DTL and TTL compatibility, and ready to use operation —
plus several additional ones for high reliability and long term stability.

HYBRID SYSTEMS CORPORATION

87 Second Ave., Northwest Industrial Park, Burlington, Mass. 01803
Telephone: 617-272-1522 TWX: 710-332-7584

CIRCLE NO. 41

for
AIRCRAFT
MODIFICATIONS

Dependable 60 Hz Power
from Aircraft
400 Hz Bus

400 Hz to 60 Hz
FREQUENCY
CONVERTERS

TR

i | n.\.ummmnw l

nhmmm.

WWH :

Hundreds of Unitron's frequency
converters are flying today in modi-
fied C-130’s, C-135's, C-141's,
C-9's, P-3's, 990's, and others,
providing highly reliable sine wave
60 Hz airborne power for weather
reconnaissance, flying laboratories
and hospitals, flight test, and other
equipment. A complete line of
standard units from 400 VA to 8000
VA. All solid-state for minimum
weight and maximum reliability, at
a fraction of the size and weight
of comparable rotary equipment.

Model No. Power Weight
PS-65-225-7 400 VA 27 Ibs.
PS-64-162 750 VA 63 Ibs.
PS-69-359 2000 VA 80 Ibs.
PS-62-66D 3500 VA 95 |Ibs.
PS-61-33D 8000 VA 230 Ibs.

Write for complete information

UnNITRON

DIVISION OF ELECTRIC MACHINERY MFG. COMPANY

SPECIALISTS IN SOLID
STATE POWER CONVERSION

1624 N. FIRST ST.
GARLAND, TEXAS 75040 (214) 276-8591

CIRCLE NO. 42
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LITERATURE

DIGIVUE DISPLAYS, Owen’s lllinois’ line
of display/memory units, are described in
an illustrated brochure. The ten-page book-
let discusses such memory features as inher-
ent memory, selective writing, rear projec-
tion and hard-copy potential. Sizes and res-
olutions available are also described along
with details on suggested applications.
Owens-lllinois, Inc., Toledo, OH 43601.
249

SEMICONDUCTOR DATA HANDBOOK
consists of three sections—the index, the
selector guide section offering product in-
formation on all semiconductors, and the
spec-sheet section containing detailed
product specifications. Available from G.E.
distributors or by sending $3.95 and

applicable tax to General Electric Semicon-
ductor Products Department, Electronics
Park, Bldg. 7, Mail drop 49, Syracuse NY
13201.

252

TEST EQUIPMENT is detailed in an 84-page
illustrated catalog. The book lists new and
reconditioned electronic test equipment for
sale from a huge inventory of over 250 dif-
ferent manufacturers. Included are analyz-
ers, meters, oscilloscopes, power supplies,
recorders and signal sources. Tucker Elec-
tronics Co., Box 435, Edison, N ] 08817.
255

ANALYZING RANDOM SIGNALS through
the use of signal averaging computers in
random processes is described in a 4-page
application note. The note discusses the use
of this technique in boundary layer turbu-
lence measurements in the field of fluid
mechanics. Princeton Applied Research
Corp., Box 565, Princeton, N ] 08540. 258

NON-LINEAR/LINEAR DATA MODULES
of all sorts are described in a 48-page color-
keyed product guide. The booklet includes
photos, charts, schematics, pricing, and
specifications on Philbrick’s linear modules,
non-linear function modules, data-conver-
sion modules, power supplies and regula-
tors and testers. Teledyne Philbrick, Allied
Dr. at Route 128, Dedham, MA 02026. 250

COAXIAL INSTRUMENTATION is the sub-
ject of a 16-page catalog. A dozen applica-
tions are described. Included are detailed
specifications for reflectometers, admit-
tance and standing-wave meters, bridges
and slotted lines, amplifiers, detectors and
programmable attenuators. General Radio,
300 Baker Ave., Concord, MA 01742. 253

durakool

BB
¢

SOLID STATE TIME-DELAY RELAYS are the
subject of a six-page illustrated catalog.
Photographs,  cross-section  connection
drawings, specifications, details and sug-
gested applications are included for all
models that feature delays up to 300 sec-
onds. All specifications are listed in the cat-
alog. Durakool, Inc., 1010 N. Main St.,
Elkhart, IN 46514, 256

IR PRODUCTS ranging from IR detectors
and detector arrays to glass and metal de-
wars, IR components, special systems and
instrumentation are described in a 54-page
booklet. The new brochure gives detailed
technical descriptions and specifications of
the various IR products. Santa Barbara Re-
search Center, 75 Coromar Dr., Goleta, CA
93017. 259

CORE-MEMORY TEST SYSTEM is described
in a four-page brochure. The array test sys-
tem is designed for use in production testing
of single or limited numbers of individual
types of memory core arrays. The brochure
lists application examples and contains a
schematic diagram of the timing and logic
configurations of the tester. Computer Test
Corp., 3 Computer Dr., Cherry Hill, N |
08034. 251

A/D/A CONVERTERS are detailed in a
comprehensive 12-page catalog. It contains
detailed electrical and mechanical informa-
tion on converters, accessories, sample-
and-hold units, analog multiplexers and
miniature dc power supplies. The hardware
described forms the basic building blocks
for many systems. Datel Systems, 1020
Turnpike St., Canton, MA 02021. 254

ON/OFF CYCLE TIMERS that provide pre-
cise control of programmed multiple
switching functions are illustrated and de-
scribed in a new catalog. These timers fea-
ture precise adjustment of switch dif-
ferential, replaceable switches, simple ad-
justable cams, hundreds of timing and
switch combinations and rugged frame con-
struction. General Time Corp., 135 S. Main
St., Thomaston, CT 06787. 257

SPECTRUM ANALYZERS are described in a
12-page brochure. Features, specifications
and applications of Models UA-10A (200-
line), UA-14A (400-line) and UA-15A (500-
line) miniature Mini-Ubiq portable real-
time spectrum analyzers are given. Federal
Scientific Corp., 615 W. 131st St., New
York, NY 10027. 260
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PHOTO CHEMICAL MACHINING BRO-
CHURE has been published by the Photo
Chemical Machining Institute. It describes
the new metalworking process that may be
an answer to some of your production prob-
lems. This process is adaptable to parts that
are similar to thin gauge stampings, with a
material thickness between 0.005 and
0.060 in. $2.00 per copy from the Photo
Chemical Machining Institute, 1717 How-
ard St., Evanston, Ill. 60202. 261

DC DIFFERENTIAL AMPLIFIER, Model
707-10D, is described in a new bulletin.
The amplifier has adjustable gain from 1 to
2500 with fixed steps from 1, 2,5, 10, 20,
50, 100, 200, 500 and 1000 and a vernier
adjustment of X1 to X2.5. Its dc accuracy is
0.1% and linearity is 0.01% of full scale.
Bandwidth of +3 dB is 100 kHz. B & F In-
struments, Inc., Cornwells Heights, PA
19020. 262

LINEAR-IC TEST SYSTEM is detailed in a
new 30-page illustrated brochure. The sys-
tem is described with regard to its applica-
tion to the testing of a variety of commercial
devices. Among the linear ICs whose testing
is discussed are stereo demodulators, chro-
ma demodulators, TV and FM sound sys-
tems and voltage regulators. Teradyne, 183
Essex St., Boston, MA 02111. 263

REAL-TIME SPECTRUM ANALYZERS are
described in a pocket guide. Applications of
real-time analysis described in the guide
range from display of acoustic and vibration
spectra to performing near-instantaneous
analysis of high-speed rotating machinery.
The guide lists an entire family of equip-
ment. Spectral Dynamics Corp., Box 671,
San Diego, CA 92112. 264

INSTRUMENTATION PRODUCTS of Sing-
er’s Los Angeles Operation are described
briefly in this 16-page brochure. They in-
clude emi/field-intensity meters, FM/AM/
SSB communications test instrumentation,
frequency meters, signal and tone genera-
tors, phase-angle and electrostatic voltme-
ters. The Singer Co., Los Angeles Operation,
3211 S. LaCienega Blvd., Los Angeles, CA
90016. 265

A NEW PSD NOMOGRAPH from Federal
Scientific Corp. provides a fast means of
calibrating a real-time power spectral den-
sity system in terms of PSD level using a
sine-wave calibration signal. It is intended
to make it possible for the user of Federals’
Ubiquitous spectrum analysis systems to
easily scale the output data in terms of g2/Hz
or V¥/Hz. Federal Scientific Corp., 615 W.
1315t St.,, New York, NY 10027. 266

POWER-METER  CALIBRATOR, Model
3058, is described in a bulletin. The new
push-button, precision calibrator is de-
signed for use with thermoelectric power
meters and amplifiers. It is self-contained
and requires no external equipment for the
calibration procedure. Accuracy of 0.05%
and excellent long-term stability are fea-
tured. General Microwave Co., 155 Marine
St., Farmingdale, NY 11735, 267

DATA-ACQUISITION SYSTEM is described
in an 8-page brochure. The modular system
can automatically receive, record and ana-
lyze data from instrumentation and, if de-
sired, control the instrumented system gen-
erating the data. The system’s modules may
be combined in many ways for applications
in research, engineering or production situ-
ations. Princeton Applied Research Corp.,
Box 2565, Princeton, N | 08540. 271

LINEAR-IC TESTER and accessories are
described in a new 12-page brochure.
Comprehensive component test specifica-
tions augmented with a technical descrip-
tion of large-signal measurement techniques
are presented. Information on transfer-func-
tion characteristics and their relation to test
specifications is also included. Signetics,

811 E. Arques Av., Sunnyvale, CA 94086.
272
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ELECTRICALLY CONDUCTIVE
ADHESIVES & COATINGS _

& ¢ EMERSON & cumun INC.

R

ECCOAMP conductive materials are described in
a new 4-page folder. Resistivity from 0.0001 to
100 ohm-cm. Adhesive pastes to replace hot
solder, thin liquids, silver lacquer in aerosol
spray, lossy coatings, etc.

CIRCLE NO. 55

THERMAL CONDUCTIVE
DIELECTRICS
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Electrically insulating, thermally con-
ductive . . . for bonding, encapsulating,
coating or sealing heat sinks, compo-
nents or cryogenic devices where rapid
heat transfer is desired. New four-page
folder describes materials and applica-

tions: CIRCLE NO. 56

ECCOSIL®
RTV SILICONE
DIELECTRICS

FA W
v S

New illustrated folder describes and gives
properties for 13 Eccosil RTY silicone di-
electrics including new see-thru encapsu-
mold-makers,

lants, sealants, adhesives,

coatings and even lightweight foams.

CIRCLE NO. 57

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

NORTHBROOK, ILL.
Sales Offices
in Principal Cities

EMERSON & CUMING EUROPE N.V., Oevel, Belgium
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LITERATURE

AC POWER ANALYZER, Model PA-7125, is
described in a bulletin. The publication
covers technical features and specifications
of the unit which simultaneously measures
and indicates true rms values of voltage,
current, frequency and kilowatts or kilovars
in both poly-phase and single-phase cir-
cuits. Multi-Amp Corp., Cranford, N |

07016. 276

VOLTAGE-TUNABLE ACTIVE FILTERS are
described in a four-page report. The report
includes methods of optimizing usage and
many applications. Chebychev, Butterworth
and Bessel filters (0.1 to 20,000 Hz) having
simultaneous low, high, and bandpass out-
puts are described. Frequency Devices, Inc.,
25 Locust St., Haverhill, MA 01830. 277

DISTORTION FREE POWER to your com-
puter is described in a brochure outlining a
new 60 Hz power line stabilizer. This new
family of power line stabilizers provides full
power line isolation and constant distortion
free power. Georator Corp., 9016 Prince
William St., Manassas, VA 22110. 278

STRIP-CHART RECORDER, Model TR-722,
is detailed in a data sheet. The 2-channel
portable unit will record from dc to 125 Hz
and features 4 electrically selectable chart
speeds, inkless rectilinear writing, a unique
IC pen motor/amplifier and ac or dc opera-
tion. Gulton/Techni-Rite, Route 2, E. Green-
wich, R102818. 279

AUTOMATIC DIALING MODULE-a
small, solid-state remote programmable
module that provides automatic dialing of
remotely programmed numbers over the
public telephone network —is described in
a new product bulletin. G-V Controls Div.
of Sola Basic Industries, 101 Okner Pkwy.,
Livingston, N ) 07309. 280

COMPUTERS . . . Now available is a 28-
page brochure featuring three-color block
diagrams that describe characteristics of the
16-bit MODCOMP computer family, and
system building blocks that include real-
time process peripherals and subsystems as
well as DP peripherals. Modular Computer
Systems, 2709 North Dixie Highway, Fort
Lauderdale, FL 33308. 281

THE ®

Harrmg
PERFORATING CO.,

CHICAGO OFFICE AND WAREHOUSE
5650 Fillmore Street
Chicago, lllinois 60644

PERFORATED
MATERIALS

WRITE FOR

NEW

176-PAGE

: GENERAL

CATALOG
No. 85

ton & € ing

INC.

EASTERN DIVISION
E. Crescent Ave. at Arrow Rd.
Ramsey, New Jersey 07446

CIRCLE NO. 44

EDINJEEE 'FEBRLUARY 1.5, 1972



LOW-PRICE REED RELAY

A new low-cost reed relay is being
offered for as low as 29¢ (1 million
quantities). Other price breaks are: 39¢
for 100,000; 56¢ for 10,000; and 80¢ for
1000 quantities. This new relay features
MIL-Q-9858A specifications, a magnetic
shield for high-density packing and
contact resistance of less than 100 m£2, Its
contacts are rated at 1 A or 250-V
switching at 20 W. Coils are available
for 1, 3, 5, 6, 10, 12, 15 and 24 V. The re-
lay’s size is 0.275-in. in outside diameter
by 0.95-in. long. Free samples are avail-
able. Electronic Applications Co. 2213
Edwards Ave. S. El Monte, Cal. 91733
(213) 442-3212.

CIRCLE NO. 45

PRINTED CIRCUIT

JACKS

PINS/PLUGS
TERMINALS

MICRO MINI/SUB MINI/
STANDARD/BRASS SOLDER

25

years of

know-how.

WE'VE
MADE
BILLIONS!

WE PRECISION-MANUFACTURE AND PLATE TO MIL SPEC
IN GOLD. SILVER, TIN, SOLDER, AND OTHERS TO ORDER.

FREE CATALOG AVAILABLE.

3 ELECTRONICS
“CONCORD &smamss,
37 GREAT JONES STREET @ NEW YORK. N.Y 10012
(212) 777-657 TWX 710-581-4930
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SOLID STATE
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TIME DELAY
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|

SOLID STATE
DELAY RELAY

(ust. 1/2
actual size)

[atHEETD))

SOLID STATE
DELAY RELAY

FEATURES:
CONTACTS: SPDT, 3 Amps;

DPDT, 10 Amps.

VOLTAGES: 24V AC or DC;
28V AC or DC; 115V AC or DC.

5 TIMING RANGES:
From .1 to 300 Seconds.

 Repeat accuracy of *5%; screwdriver
adjustable time delays.

* Recycle time of 100 milliseconds.
Transient and polarity protected.

* Relays plug into standard octal socket.

PRICES:
SPDT Relays: $8.45 in 100 lots; wt. 2 ozs.
DPDT Relays: $13.65 in 100 lots; wt. 6 ozs.

Write for Bulletin No. DSR-1

DEFLECTO Mfg. Co.

Div. of Amperite Co., Inc.
600 Palisade Ave., Union City, N.J. 07087
(201) 865-5648
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the

reed
relay

you heed
is probably
listed here...
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f
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THIS NEW WHEELOCK FILE FOLDER

contains 6 brochures describing the complete

line of Wheelock Reed Relays . . . from stan-
dard . . . to miniature . . . to ultra-miniature
... to micro-miniature . . . plus details on the
new Wheelock Series 500, featuring 1” sy-
metrical grid spacing. Each brochure pre-
sents detailed product descriptions, features,
and complete specifications and ordering
information.

SIGNALS INC.

273 Branchport Avenue
Long Branch, New Jersey 07740 « (201) 222-6880
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DESIGN DATA

Application

A GUIDELINE TO COMPONENT BURN-
IN TECHNOLOGY covering economics,
techniques, systems, procedures, and
equipment selection is available. The 36-
page text covers sections on burn-in and life
testing of semiconductors. It includes data
on high-temperature reverse bias, power
aging, thermal fatigue, ambient (free air)
burn-in and ac blocking. Wakefield Engi-
neering, Inc., Audubon Rd., Wakefield, MA
01880. 330

A PRINTED-WIRING-BOARD REPAIR
MANUAL is available to manufacturers and
users of printed-wiring structures. The 54-
page manual offers suggested procedures
for rectifing conditions which may occur to
printed-wiring boards during their manufac-
ture or assembly. Copies are available from
the Institute of Printed Circuits, 1717 How-
ard St., Evanston, IL 60202, at a cost of $5
per copy. 333

APPLICATION NOTES FOR EIA STAN-
DARD RS-232C reviews methods of opera-
tion of data terminal and data communica-
tions equipment which interface according
to the provisions of EIA Standard RS-232C.
Part of the document contains a unique
coding format. EIA Bulletin #9 costs $2.60.

Notes

LINEARITY OF TRAVELING-WAVE TUBES
is discussed in paper originally published in
the Siemens Electronic Components Bulle-
tin. The paper describes the use of a phase
compensator to increase the output power
of traveling-wave tubes. The two-page pa-
per includes a circuit diagram, measure-
ments, and other illustrations. Copies are
available from Siemens Corp., 186 Wood
Ave. S., Iselin, N ] 08830. 331

REED SWITCH APPLICATION GUIDE to
the selection of reed switches for any type of
switching application. The piece also
covers various forms of actuation, including
proximity switching with permanent mag-
nets, bias switching, shielding and electro-
magnetic action. Hamlin, Inc., Lake and
Grove Sts., Lake Mills, Wis. 53551. Ask for
Catalog AOOOOTA. 334

COMPUTER DISPLAY SYSTEM —An eight
page brochure describes applications, block
diagrams, and system hardware for comput-
er graphic display systems. Data Disc, Inc.,
686 West Maude Ave., Sunnyvale, CA
94086. 337

MEASUREMENT OF POPCORN NOISE in
linear IC’s is covered in this application
note. Burst or popcorn noise is random
abrupt output voltage pulses. Standard tech-
niques are not suitable to measure such
noise. This note details the method by
which RCA tests its op amps. Schematic
diagrams, a block diagram, and a photo of
the test unit are also included. A copy of
ICAN-6732 is available from RCA Solid
State Division, Box 3200, Somerville, N |
08876. 332

MICROPROGRAMMING HANDBOOK
just published is a free 448-page second
edition as a sequel to the shorter first edi-
tion. The expanded version covers the sub-
ject of microprogramming in a very practi-
cal and comprehensive manner. In precise
terms it tells how to microprogram, why the
concept is effective, and when it is most
appropriate. Microdata Corp., 644 East
Young St., Santa Ana, CA 92705. 335

HIGH-POWER OP AMP, the RCA HC2000,
is described with respect to its performance
and use in a new 6-page application note.
General application considerations are dis-
cussed for this TOOW-rms device. The note
discusses systems that combine the HC2000
with other ICs. RCA Solid State Div., Box

Electronic Industries Assoc., 2001 Eye St., 3200, Somerville, N | 08876. 338
N.W., Washington, D C 20006. 336

Reference copies of the following articles are available without charge:

5. NO, TITLE PAGE NO.
L61 Digital ICs offer new solutions for rough industrial problems ....... ... ... ... ... .. ... .... 20
L62 For high frequency communications equipment, use balanced modulators. .. .................. 28
L63 The ABGs of asynchronous data. tranSmiSSION « : § « au i ¢ s iein s s .o lom ols s & 5 v 5054 5508 5 8 59 aal s 34
L64 Two switching regulators for battery-powered systems .. ............... . . i 40
L65 Four ways of getting precise power pulses. .. .......... . i 48
L66 What about medical-electronics as a new careerfield? s vu.v s summmoi o % bionwssns oe s bmm s 50
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Canverters, S/D,D/S ...« ooiesawan 75
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Filters Band-Pass Touchtone Filter . 74
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CALL JOHN NORBURG AT 714-772-2811 COLLECT

It's nothing unusual. Our various agents
overseas, including Tekelec Airtronic
of France, represent a very interesting
line of Function Generators. The |IEC
Series 30. Four of the most advanced-
concept test instruments available in
the Free World. Designed to fit the
exact needs of our customers, whether
here or abroad. And priced from $295
to $495 to provide the most for the
money. Take the IEC F34 (illustrated)
for example. At $495, it does everything
an oscillator can do and then some!
Square waves and triangles, voltage
offset, sweep, trigger, gate and pulse.
Plus better sine wave purity than
comparably-priced oscillators. The F34,
like all Series 30 models, provides
extra-special features that make ita

fecC

© 1972. Interstate Electronics Corporation

bargain. Together with such inherent
quality that we boast one of the indus-
try's lowest “‘returned for repair'”’ rates.
It may not require a 747 delivery to
fulfill your need, but you can depend on
IEC to deliver your new Series 30
Function Generator on time. Our John
Norburg is ready to answer your
questions. Contact him now. Get com-
plete technical data by same-day mail.

& L L
€ 4L (
© 940 > o %
. IEC F34 Function Generator

CIRCLE NO. 53

SERIES 30 HIGHLIGHTS F34: ($495) —
Frequency Range: 0.03 Hz to 3 MHz.
Waveforms: Sine, square, triangle, dc, pulse.
Output Amplitude: 10 mv pp to 10 v pp into 509Q.
Sine Distortion: <0.3% up to 30 kHz, <0.5%
to 800 kHz, <2% to 3 MHz. Rise/Fall Times:
<60 ns. Offset: +5 v into 50Q. VCG Range:
>1000:1. Operating Modes: Continuous,
Triggered, Gated, Tone Burst, Continuous
Sweep, Triggered Sweep. Sweep Width: up to
1000:1. Set width directly on tuning dial. Sweep
Time: 10usec to 100 sec. Other Features:
Voltage Analog of Frequency, Sync Input,
Output Limit Indicator, plug-in IC's, F33: ($395)
—Same as F34, but without Sweep, Tone Burst
and Voltage Analog of Frequency. F32: ($345)
— Same as F33, but without Pulse, Trigger and
Gate Modes and Sync Input. F31: ($295) —
Same as F32, but without VCG and Output
Limit Indicator. Output Amplitude is 100 mv pp
to 10 v pp into 500,

VES YOU THE MBI FOR YOULR MONEY

A Subsidiary of A-T-O Inc.

INTERSTATE ELECTRONICS CORPORATION ;147752511

Dept. 7000, Box 3117, Anaheim, Cal. 92803

TWX 714-776-0280 TELEX 655443 & 655419
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Don't settle for the loose tolerance and ; , G
T.C. of commercial-grade carbon comps. ‘ , &
Use new Dale DF metal film resistors to ~ DF RESISTOR SPECIFICATIONS -

upgrade your circuits —without increas- Power Rating: Y%, V2, 1 watt
. . i . . o o
ing your budget. Semi-precision DF's  Tolerance: 2%, 5%, =10%

: : 3 Temperature Coefficient: =100, =150,
;‘:)erf:laErlmgeStga:gaggt.‘wg:e:hﬁ);!tlg _Tf 2 'e"';’ %200 ppm/°C depending on size and resistance range

Mil-R-22684 styles—giving you a great Resistance Range: 10 ohms to 1 megohm

> Operating Temperature Range: —65°C to +150°C
new source and the best resistor you can ;
; Coating: Epoxy—specially-formulated
buy in the 3-cent range.

for moisture protection and flame retardance
How many million shall we ship you?
Write today or phone 402-564-3131 for complete details.

DALE ELECTRONICS, INC. 1300 28th Avenue, Columbus, Nebraska 68601

In Canada: Dale Electronics Canada, Ltd. A subsidiary of The Lionel Corporation

CIRCLE NO. 54



