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Freedom of speech and action telemetry for monitoring health
will help aquanauts to extract and safety, and homing schemes
the riches of the ocean. New for spatial orientation—all will
electronics makes it possible. aid in man’s ventures into the
Undistorted voice transmission, wet, dark, hostile deep (p. 25).




ARE YOU SURE YOUR MICROWAVE SIGNAL
IS WHAT YOU THINK IT IS?

WAVE SHAPE, DISTORTION, AMPLITUDE, FREQUENCY, NOISE
...WITH hp 140 12.4 GHz SAMPLING SYSTEM

Guesswork stops when you use an hp 12.4 GHz Sam-
pling System to SEE your waveforms through X-band!
Now you can truly SEE your microwave signals in one
complete picture!

When making measurements of your microwave sig-
nals, your voltmeter may be indicating the average
amplitude, your counter could show fundamental fre-
quency, your power meter would indicate average power
—and they’'d all be right. But. . . each instrument would
be giving you only a part of the picture!

With the hp sampling system, you can see excessive
harmonic distortion. You can check the frequency of
your waveform. You can see the noise in your circuit.
Without extrapolation — without guesswork — you know
what your design is doing.

For the full story on how the hp 12.4 GHz Sampling
System can take the guesswork out of your design, con-
tact your nearest hp field engineer. He can show you
why Hewlett-Packard is first in sampling oscilloscopes:
First with 12.4 GHz sampling, first with sampling TDR
(now 40 ps), first with 28 ps rise time sampling, first
with high impedance (100k) sampling input, first with
sampling delayed sweep generator, first with conven-
ient variable persistence and storage in a sampling
system—FIRST 'IN SAMPLING! Or, write to Hewlett-
Packard, Palo Alto, California 94304. In Europe: 54
Route des Acacias, Geneva.

Price of the hp 12.4 GHz Sampling System with hp

140A Oscilloscope,$6245; with hp 141A Variable Per-

sistence and Storage Oscilloscope, $7045.

hp 140—The scope system that gives you
N!

=T

12.4 GHz Sampling - 40 or 150 ps TDR - 20 MHz
Widehand - High-sensitivity, no drift - Variahle Per-
sistence and Storage

087/38

HEWLETT HT)F PACKARD

OSCILLOSCOPE SYSTEMS

INFORMATION RETRIEVAL NUMBER 242

/




1309-A . .. $325*

« 10 Hz to 100 kHz,

sine or square waves

« Distortion < 0.056%

+ Output flat + 2%

over entire range;

5-V open-circuit output

» 60-dB attenuator (20 dB /step)

1311-A., . . $260*

¢ 50 Hz to 10 kHz in

11 fixed steps

« Distortion < 0.5%

* 100-V open-circuit
output, 4 A short circuit

1310-A . . . $325*

» 2Hz to 2 MHz

« Distortion < 0.25% (even with
output shorted)

* 20-V open-circuit output

1313-A . .. $325*

« 10 Hz to 50 kHz in one range
« sine or square wave

« Distortion < 0.5%

» Output flat to 4+ 2% over
entire range; 5-V open-

circuit output.

» 60-dB attenuator (20 dB /step)

*Prices apply only in U.S.A.

These oscillators
function as
high-Q filters
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While oscillating, three of them can
function as tunable narrow-band filters
... hence they can be used at a variety of
frequencies to reduce fm and jitter.

They can also serve as frequency-selec-
tive amplifiers with a voltage gain of
greater than 100 and with effective rejec-
tion of noise and harmonics.

They can be locked to a frequency
standard for use as high-stability signal
sources at test stations. Or, they can be
used as frequency multipliers because
they can be locked onto a harmonic as
easily as they can be locked to a funda-
mental. They can also furnish sync signals
to other instruments.

0.2 05 07 Lo 20 50
RELATIVE FREQUENCY

INPUT FREQUENCY
DIAL FREQUENCY

How can an oscillator do all this ? No big
secret . . . these RC oscillators are all
equipped with a handy ‘‘synchronizing
jack’ ... another GR first in oscillator
design. Put a signal in (1 volt will do) and
out comes the same frequency all cleaned
up and amplified; or take out the sync
signal and use it to trigger a counter or a
scope or even another GR RC oscillator.

One other thing —they're great when used
as just oscillators.

GENERAL RADIO

W. Concord, Massachusetts 01781
INFORMATION RETRIEVAL NUMBER 2



Little plug-ins make the big
diftference in 50 MHz counters

When you look only at the main frame, it’s hard to find
important differences between 50 MHz counters. But when
you compare plug-ins, you'll find great differences and decisive
advantages. Only Systron-Donner plug-ins can give you:

1. Final-answer
frequency readings
to 40 GHz.

A single plug-in, our Model 1292
semi-automatic transfer
oscillator, boosts the counter’s
frequency-measuring range to
15 GHz. Measures FM and
pulsed RF above 50 MHz. And
the complete dec to 15 GHz
system (counter with plug-in)
costs only $3250. Our new Model
1298 semi-automatic T.O. now
gives you final-answer readings
up to 40 GHz—a new record.

Contact Systron-Donner

Corporation, 888 Galindo Street,

Concord, California.
Phone (415) 682-6161.

2. Automatic
frequency readings
to 18 GHz.

Three Acto® plug-ins now

produce fully-automatic
microwave frequency readings:

50 MHz to 5 GHz (P, L‘R S

band),3to 124 GHz (S ‘R X
band), and 124 to 18 GHz (K,
band). y

B Find

measuring
¥’ capability
in this

more unique

3. Time readings
with 10-nano-
second resolution.

Our latest time interval plug-in
gives you time readings with
10-nanosecond resolution—
greater precision than ever
before possible with a standard
counter.

All this unique measuring
capability can be yours today —
or tomorrow —when you buy
your basic counter from
Systron-Donner. Sixteen
different plug-ins have been
especially designed to give your
Systron-Donner counter more
measuring power at less cost
than any other system.

SYSTRON &% 1) DONNER
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Good things do
come in small
packages!

ALL THE FEATURES
FOUND IN

LARGER SIZE
SWITCHES...except the larger size

1/2° ROTARY SWITGHES

INDUSTRY’S MOST COMPLETE SELECTION

Up to 12 positions per deck SHORTING OR NON-
SHORTING / Up to 6 poles per deck / Shorting

and NON-SHORTING poles can be grouped in any o
combination on one deck / Individual deck parts
self-contained and permanently molded into place / ELECTRONICS. INC.
Extremely low and uniform contact resistance (.004 el fihgdicti kg

Q average) / Life expectancy 200,000 mechanical [Nt RPr
operations minimum / “Off-The-Shelf"” Delivery

| ACTUAL
SIZE

INFORMATION RETRIEVAL NUMBER 4
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Back up data on the
smallest, fastest military memory weighs
more than the
smallest, fastest military memory.

Which is just about

as thorough a study as

you’ll ever come across

for any memory system

—let alone a high environ-

mental one. So there’s really

nothing more to be added

here other than to say our

SEMS 5 tips in at 7 Ibs., has a

2 usec. cycle time, stores 4096

words of 32 bits, and meets all

applicable portions of MIL-E-5400,
MIL-E-4158, MIL-E-16,400.

For additional technical informa-

tion, call or drop us a note. Ask for

Litpak 101, our 8-page SEMS 5 brochure.

electronic memories

12621 Chadron Avenue, Hawthorne, California 90250
Phone: (213) 772-5201,




The great
LSI race.

While the rest of the semiconductor
industry tried to squeeze enough ICs on
a chip to get into the MSI/LSI busi-
ness, Fairchild turned systems inside
out. We were looking for an intelligent
alternative to component mentality.
Our investigation led to a whole new set
of design criteria for medium and

large scale integration devices.

A computer isn’t a computer.

It’s a digital logic system. It has the same functional
needs as any other digital system: control, memory,
input/output and arithmetic. There’s no logical
reason to custom design a complex circuit for each
system. That's why Fairchild MSls and LSls are
designed to function _
as fundamental !
building blocks in %= RIS S

o 77
any digital logic ‘, fo.

system. Even if :
S LIV R, N

it’s a computer. z’«

A little complexity goes a long way.
Anybody can package a potpourri of circuitry and
call it MSI or LSI. But, that’'s not the problem. Why
multiply components, when you should divide the
system? Like we did. We found that sub-systems
have a common tendency toward functional overlap.
There are too many devices performing similar
functions. More stumbling blocks than building
blocks. Our remedy is a family of MSls and LSIs with
multiple applications. The Fairchild 9300 universal
register, for example, can also function as a modulo
counter, shift register, binary to BCD shift converter,
up/down counter, serial to parallel (and parallel to
serial) converter, and a half-dozen other devices.

Watch out for that first step.

There are all kinds of complex circuits. Some of them
have a lot of headache potential. Especially if you
want to interface them with next year’s MSls and
LSIs. We decided to eliminate the problem before it
got into your system. All Fairchild building blocks
share the same compatible design characteristics.

ELECTRONIC DESIGN 4, February 15, 1968




We're also making the interface devices that tie them
together. For example, our 9301 one-of-ten decoder
can be used as an input/output between our universal

T

register, dual full adder
and memory cell.

(It could also get a
job as an expandable
digital demultiplexer,
minterm generator
or BCD decoder.)

Hurry. Before the price goes down.
Gate for gate, today’s complex circuits are about the
same price as discrete ICs. But, by the time you’re
ready to order production quantities, the price should
be a lot lower. At least ours will. The reason is
simple: Fairchild devices are extremely versatile.
There are fewer of them. But, they do more jobs.
That means we’ll be producing large quantities of
each device. That also means low unit cost to you.
And you’ll have fewer devices to inventory.

And fewer to assemble.

ELECTRONIC DESIGN 4, February 15, 1968

If you agree with our approach to medium and large
scale integration, we’d like to tell you more about it.
There are two ways you can get additional infor-
mation. One is by mail. Simply write us on your
company letterhead. You can also get more data by
watching the trade press. Fairchild is introducing a
new integrated circuit each week for 52 weeks.

(We started on October 9, 1967) =
Many of them _
will be MSI and LS.
If you'd like to
see the last few
we’ve introduced,
turn the page.

FAIRCHILD SEMICONDUCTOR

A Division of Fairchild Camera and Instrument Corporation
313 Fairchild Drive, Mountain View, California 94040

(415) 962-5011, TWX: 910-379-6435
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Fairchild is introducing a new in-
tegrated circuit every week. The
last two months look like this.
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Two new additions
to the BURR-BROWN family
of solid-state MULTIPLIERS"®

MODEL 4029/25 \

New $1951 Multiplier makes hundreds of applications more economical.

This new, low-priced, encapsulated Burr-
Brown quarter-square multiplier is a pre-
cision analog function module capable
of performing accurate four-quadrant
multiplication, two quadrant division as
well as square and squareroot functions.
Accuracy is = 0.5% max. Bandwidth at
19 abs. error is 5kHz. Rated input:
+ 10V. Rated output: == 10V, == 5mA.
Module size: 2.4” x 1.8" x .60".
1$195.00 in 100 quantity ($260.00 unit price) makes use of pre-engineered
Burr-Brown modules even more attractive.

TARR-BRGHN

QURRTER SRR
MULTIPLIER | DNDER

S\ D

Use this publication’s reader service card for your copy of new application-oriented
product bulletin. For immediate applications assistance, phone (602) 294-1431, and
ask to talk to your Burr-Brown Applications Engineer.

MODEL 4012/25 \

New encapsulated quarter-square multiplier-divider packs high performance in small package.

The 4012/25 is a high-speed, fully en-
capsulated quarter-square multiplier
containing three wide-band operational
amplifiers and two precision diode
squaring circuits. It performs precision
four-quadrant multiplication and two-
quadrant division as well as square and
square root functions. Accuracy is
+ 0.25% max. Bandwidth at 1% abs.
error is 40 kHz. Rated input is == 10V.
Rated output: = 10V at 10 mA. Module size: 2.4"” x 1.8"” x .60". Also avail-
able in rack-mount package. Unit price: $495.00 ($375.00 in 100 quantity).
Use this publication’s reader service card for your copy of new application-oriented

product bulletin. For immediate applications assistance, phone (602) 294-1431, and
ask to talk to your Burr-Brown Applications Engineer.

BUIRR-BRGHN

TRST QURRIER SQUWRRE
ARTIPFLER | DNRER

A2\

*Use 'em like building blocks to save time and money
in systems requiring dynamic gain control, trigonometric
computation, power measurement, correlation
computation, RMS measurement, linear modulation
and many other system functions.

BURR-BROWN
BB

Operational Amplifiers
Instrumentation Amplifiers
Function Modules

Active Filters

Analog Simulators
Geophysical Instruments

RESEARCH CORPORATION
723-9661, MT. VERNON (914) 968-2200, NEW HARTFORD (315) 732-3775, ROCHESTER ((716)

International Airport Industrial Park * Tucson, Arizona 85706
TELEPHONE: 602-294-1431 ¢« TWX: 910-952-1111 « CABLE: BBRCORP

473-2115 / OHWIO, CINCINNATI (513) 761-5432, CLEVELAND (216) 237-9145, DAYTON (513)
277-8911 / PENN., PHILADELPHIA (SEE CAMDEN, N.J.), PITTSBURGH (412) 243-6655 / TEXAS,

ENGINEERING REPRESENTATIVES : ALABAMA, HUNTSVILLE (205) 534-1648 / ARIZONA, PHOENIX
(602) 254-6085 / CALIF., LOS ANGELES (213) 665-5181, SAN FRANCISCO (408) 244-1505 /
COLO., DENVER (303) 388-4391 / CONN., EAST HARTFORD (203) 874-9222 / D.C., WASHINGTON

(SEE MARYLAND) / FLORIDA, ORLANDO (305) 425-2764 / ILLINOIS, CHICAGO (312) 286-6824 /
LA., NEW ORLEANS (504) 888-2266 / MD., SILVER SPRING (301) 588-8134 / MASS., BOSTON
(617) 245-4870 / MICH., DETROIT (313) 358-3333 / MINN., MINNEAPOLIS (612) 781-1611 / MO.,
ST. LOUIS (314) 524-4800 / N.C., GREENSBORO (919) 273-1918 / N.J., CAMDEN (215) 925-8711
/ N.M., ALBUQUERQUE (505) 255-1638 / N.Y., ALBANY (518) 436-9649, BINGHAMTON (607)

INFORMATION RETRIEVAL NUMBER 191 FOR MODEL 4029

10

DALLAS (214) 357-6451, HOUSTON (713) 774-2568 / UTAH, SALT LAKE CITY (801) 466-8709 /
VIRGINIA, (SEE MARYLAND) / WASH., SEATTLE (206) 767-4260 / CANADA, DOWNSVIEW, ONT.,
(416) 636-4910 — MONTREAL, QUE., (514) 739-6776 — OTTAWA, ONT., (613) 725-1288 —
VANCOUVER, B.C., (604) 298-6242

INFORMATION RETRIEVAL NUMBER 192 FOR MODEL 4012
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Announcing
AE’s Class H relay. It’s compact,
versatile, low in cost.

The Class H relay is small in size—just about a
1.3 inch cube. It’s a versatile “telephone-type”
component that offers better than average qual-
ity at a low price.

You can use the Class H to reduce the physi-
cal dimensions and decrease the cost of your
products. It’s well suited for business machines,
vending machines, communication equipment,
computer peripheral equipment, aircraft and
missile simulators. These applications take ad-
vantage of its small size, versatility of mounting,
and large switching capacity (maximum of 6
form C or 4 C and 2 D contacts).

The Class H can be direct-mounted or socket-
mounted to a PC card. Or
it can be socketed into a
panel. It also has a socket
that mounts on a rack.

The Class H is made as a
regular quick-acting relay
(SeriesHQA). It’salso avail-
able as a short or long pulse
“latching relay.” In this ver-

speciteation 08 apghcation data
AUTOMATIC SLECTRIC - NORTHLANS, HLin® 8

sion (Series HRM) it uses remanent magnetism—
or controlled residual magnetism of the coil core
—as its latching medium.

This little relay’s rugged construction protects
it from ordinary shock and vibration. Mechanical
life expectancy exceeds 100 million operations.
Molded pileup insulators provide high dielectric
strength and dimensional stability. Contact ac-
tuation is by a lift-off card method—which elimi-
nates the problem of contact sticking.

A clear heavy-duty plastic cover provides pro-
tection from contamination and abuse. Once this
cover is snapped into place, it’s not readily re-
moved. This discourages tampering.

Want helpful, detailed specification and
application data? Send for Circular No. 1100.
Just write to the Director, Relay Control Equip-
ment Sales, Automatic Electric, Northlake,
Illinois 60164.

AUTOMATIC ELECTRIC

sussipiary oF GENERAL TELEPHONE & ELECTRONICS

INFORMATION RETRIEVAL NUMBER 6
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NEW Hi-G REED RELAY FEATURES SIMPLIFY
YOUR DESIGN PROBLEMS

]L’? has printed circuit board mounting

1

The Series 3500 o
terminals... g

...or, when we slide a plate into our bobbin mold, s it has printed
circuit board mounting pins on 1 inch x s
.150 inch centers and is called Series 3600... <.

o

Both versions use our new d
assembly without requiring ©
strip and its extra welds. ..

But, when you need a relay that plugs in and out without fuss, or just want
an independent source for Berg Pin mounted relays, we add
adapter blocks. ..and fill all your needs from stock!

. low profile, and unique fully
that eliminate exposed
intermediate coil leads.

recessed coil terminals
magnet wire and

Call, write or check the reader service card for your copy of Hi-G product
bulletin #160. If you need application engineering assistance, an experi-

H s enced Hi-G representative awaits your call. Telephone: 203-623-2481.

E SPRING STREET & ROUTE 75 /| WINDSOR LOCKS, CONNECTICUT 06096

INCORPORATED
INFORMATION RETRIEVAL NUMBER 7
12 INFORMATION RETRIEVAL NUMBER 8 P



*  That’s our Molex Mini-
' Connector. It’s doing big
things. Like saving assem-
*bly steps. And time. And
money. Getting wiring in
¢ place with greater production
| efficiency and operational integ-
' rity than you might think possi-
| ble. Our business is creating these
mini-devices to meet your system
' requirements. We take it seriously
And have the facilities, design capa-
bilities, know-how and everything it takes to
produce economical connections . . . fast!

If you would like a free sample of our Mini-
Connector, please write. If you would
like a sample of performance, you
can make connections by
calling (312) 969-4550

%

molex

\_/

PRODUCTS COMPANY
DOWNERS GROVE, ILL.




FORCE GRAMS

How to keep relay contact forces balanced at 30 Gs.

Picking a relay for an extreme
shock/vibration environment is a
tough problem for many a circuit
designer. Few relays are designed
to meet the problem head on.
There is now one notable exception
—a 4PDT, 10 ampere relay in a one-
inch cube.

Using a new design principle —
balanced-force —this relay
withstands severe shock,

vibration or acceleration while
maintaining high contact and
overload capabilities. It will take
more than 30 G’s to 3000 Hz
vibration, a shock of 100 G’s and
has a minimum life of 100,000
cycles. This one-inch cube is all
welded, weighs 2.5 ounces, and

is rated at 2.9 watts coil power.

EFFICIENT MAGNETIC CIRCUIT

In the conventional relay motor,
forces for open and closed
contacts are unequal. Energized
coil power causes the armature to
close the normally open contacts.
But, when the coil power is
removed and the contacts return
to the normally closed position,
only the spring forces of the
contacts and the return spring
provide the force. These combined
spring forces are usually low,
allowing the contacts to bounce.
In addition, the low spring force
allows the armature to rebound
off the armature stop, again
knocking the contacts open—
sometimes, for as long as several
milliseconds after they have
initially closed.

Force-Stroke Curve of Typical Relay
and Balanced-Force Relay.

-~ An obvious
/. method of

o, OO A Py meios s

‘ v\ Sl /.4%? getting rid
Nd | | | | ofabounce
| | edio

| condition
| | is to

| S | balance
b | | | I the arma-

— coseomnuatone 1 orenamuarne - tUFE forces
Curve CA—Balanced-Force Relay eXaCt'y,
normally closed contacts. £ ¥
Curve A C —Balanced-Force Relay Th's IS
normally open contacts. 1
Curve DEFGH - Typical Relay. _ac h |eVed

in the

Leach Balanced Force Relay by
use of an extremely efficient
magnetic design. It has to be to

keep the forces balanced while
ignoring 30 G’s.

Basically it is a controlled
application of magnet and coil
flux. In the de-energized position,
a permanent magnet flux flows
between the armature and the tip
of the adjacent pole piece,
resulting in a high holding force.
The motor is, therefore,

relatively immune to shock and
vibration. When coil power is
applied, the flux from the
permanent magnet is nullified by
the coil flux flowing in an
opposite direction. The armature
closes with a rapid build-up of
magnetic force driving it against
the contact overtravel forces and
into a sealed position.

MAGNET

{poes CORE

When coil
power is
removed
and the
armature
returns,
+ the
restoring force of the permanent
magnet builds up quickly. The
armature is then driven against
the overtravel forces of the
normally closed contacts and into
its de-energized sealed position.
With this type of force-
displacement, the armature isn't
about to rebound.

/
REAR POLE

ARMATURE

Force Motor D

New Leach Model k employs
balanced-force concept

BUFFERED CONTACTS

The moving contacts are mounted
to an armature, which is held
firmly at the end of each stroke by
high magnetic forces. Since the
armature can’'t move during shock

INFORMATION RETRIEVAL NUMBER 9

or vibration, undesirable contact
opening is eliminated.

ket i Reinforcing
! the moving
L™ contact is
a buffer
strip which
assumes a
variety of chores. It has a bow in
the center to act as a spring load
while serving as a rivet plate. It
works as a heat sink. It will break
the contact strip free from a weld
if one occurs because of excessive
overload. It makes contact with
the moving blade which results in
excellent low contact drop. It
serves as an electrical contact
between the moving blade system
and the header. And, as the name
implies, it buffers the contact
blade against extreme shocks
and vibrations.

CONTACT BLADE BUFFER STAIP

* RIVETS

Moving Contact System

WELDED ASSEMBLY

In assembling the relay all detail
parts are welded. No part is solder
assembled. There is no possibility
of contamination from solder flux.
The unit is then pressed into a
can and electron-beam sealed,
leaving only an evacuation hole.
After a high temperature bake,
the relay is filled with a dried inert
gas, and the hole is welded shut.
Here, ready for shipment, is a
relay with a magnetic circuit
designed so the force without
coil power applied is equal to the
force with coil power applied, but
in exactly the opposite direction.
And you can rest assured those
forces stay balanced no matter
how you shake them.
Complete Motor and Contact Asseml:lyI Write for
your copy
_“Tomorrow's
= = Relay
———>=—__ Tloday", a
== % u} ~— - technical
| { ] paper
e v | Dresented
at the
National Relay Conference. Leach
Corporation, Relay Division, 5915
Avalon Boulevard, Los Angeles,

LEAC California 90003

(213) 232-8221.
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ELECTRONIC

AC

This
new type
regulator

IS

all solid-state

DESIGN 4, February 15, 1968
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= Sinusoidal output

= Precision RMS regulation

= Compact, modular design

= Minimum magnetic field or RFI

= Wide input range 47-440 cps

n Fast response characteristics

= Negligible no-load power

= Wide load power factor range

= High-surge power capability

= Remote sensing

= Remote voltage control

= Overload and short-circuit protected
= Automatic reset

= Wide operating temperature range
= 71°C Free air rating

= Low temperature coefficient

= Fully repairable

STANDARD MODELS

Model Rating Weight Price
RT 250 250 VA 131bs. $130.
RT 500 500 VA 17 Ibs. $175.
RT 1000 1000 VA  22Ibs. $235.

SPECIFICATIONS

Input: 105-130 VAC, 47-440 cps.

Output: 115 VAC, nom. (see table).

Line Regulation (RMS): Within =+ 0.1% for full
input change, resistive load or within + 0.2%
for 4+ 0.7 to —0.7 PF load.

Line Regulation (AV): Less than =+ 0.7% full
input change and 0.7 through —0.7 PF load.

Load Regulation (RMS): Within 0.2% for full load
change, resistive, or within 0.5% for 4-0.7
to —0.7 load PF change.

Load Regulation (AV): Less than 0.2% for full
load change and --0.7 through —0.7 load PF
change.

Frequency Regulation: Less than 0.002% per
cycle.

Wave Form Distortion: Less than 5% (115 VAC
input, unity through 0.7 load PF.)

Efficiency: Better than 75% rated load, 115 VAC
input.

No Load Power: Less than 10% full load power,
115 VAC input.

Load Power Factors Range: -}-0.7 PF through
—0.7 PF.

Response Time: Less than 16 millisec.

Temperature Coefficient: Less than 0.01%/°C.

Overload Protection: Cutout at approx. twice
rating.

Surge Output Rating: Four times rating for
10 seconds.

Remote Sensing Input: Approx. 75 mw (2.5 V
@ 30 ma).

Operating Temperature: —20°C to 71°C free air,
full ratings.

Heat Sinking: Internal, convection cooled.

Send for Catalog #153

ELECTRONIC RESEARCH
ASSOCIATES, INC.

67 Sand Park Road,
Cedar Grove, N.J. 07009
(201) 239-3000

Subsidiaries: ERA Electric Co./ERA Acoustics Corp.
ERA Dynamics Corp./ERA Pacific, Inc.
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11 Oscillators excel in
many important parameters

(and now may cost you less!)

Consider the medium-priced Krohn-Hite Model 4100 Push-
Button Variable Oscillator. When compared to others in its
price class, the $550 Model 4100 is a leader in those sig-
nificant performance parameters that mean the difference
between a true oscillator and other instruments regardless

of price.

The accompanying chart demonstrates these wide differ-
ences in published manufacturer’'s specifications. Compare
them for yourself. Note that there is no relationship between

price and performance.
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IMPORTANT OSCILLATOR PARAM-
ETERS are plotted for four com-
peting solid-state instruments. The
plot for the K-H Model 4100 (color)
is compared to other units with
lower and higher price tags. Rela-
tive position of each parameter
was determined by its value to the
instrument user, not by its num-
ber. Thus the lowest price has
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been placed near the top of the
chart . . . and 0.02% distortion
placed higher than 1.0%. Logarith-
mic scales are used throughout.
All units have 1 MHz maximum
frequencies. Note that although
the Model 4100, is relatively low
on the price scale, it excels in
other parameters.

MODEL 4100 soOLID STATE PUSH-BUTTON VARIABLE
OSCILLATOR covers 0.01 Hz to 1 MH2z, with simultaneous
sine- and square-wave outputs. Size: 812"W x §%"H x 142"D,

Price: $550.

Write for Model 4100 Data.

TG B Llalele ) sip il

AVER

580 Massachusetts Ave., Cambridge, Mass., U.S.A. 02139
Telephone: (617) 491-3211

Oscillators |/ Filters /| AC Power Sources /| DC Power Supplies / Amplifiers
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Designer’s
Datebook

MARCH APRIL
S M. T W'T £ 8 S TTW TR .8
) St g % 2 8 4 58
8§14 5 6 7 8 -9 7 8 9 10 11 12 13
10 11 12 13 14 15 16 14 15 16 17 18 19 20
17 18 19 20 21 22 23 21 22 23 24 25 26 27
#, 25 26 27 28 29 30 28 29 30

For further information on meet-
ings, use Information Retrieval card.

Feb. 28-Mar. 1

Scintillation and Semiconductor
Counter Symposium (Washington,
D. C.) Sponsor: IEEE, NBS,
Atomic Energy Commission; W. A.
Higinbotham, Brookhaven Nation-

al Laboratories, Upton, N.Y.
11973.

CIRCLE NO. 391
Mar. 18-21

IEEE International Convention
and Exhibition (New York) Spon-
sor: IEEE; J. M. Kinn, IEEE, 345
E. 47 St.,, New York, N.Y. 10017.

CIRCLE NO. 392

Apr. 3-5
International Conference on Mag-
netics (INTERMAG) (Washing-
ton, D.C.) Sponsor: IEEE; Philip
Cohen, Magnetics, Inc., Butler,
Pa. 16001, or J. M. Lommel, Gen-
eral Electric R&D Center, Schenec-
tady, N.Y. 12301.

CIRCLE NO. 393

Apr. 9-11
National Telemetering Confer-
ence (Houston) Sponsor: IEEE;
Lewis Winner, 152 W. 42 St., New
York, N.Y. 10036.

CIRCLE NO. 394

Apr. 16-18

National Symposium on Law En-

forcement Science and Technolo-

gy (Chicago) Sponsor: U.S. Dept.

of Justice; S. A. Yefsky, IITRI,

10 W. 35 St., Chicago, Ill. 60616.
CIRCLE NO. 395

Apr. 22-24
Frequency Control Symposium
(Atlantic City, N.J.) Sponsor: Ar-
my Electronics Command; M. F.
Tim AMSEL-KL-ST, Director Elec-
tronic Components Lab., U.S.
Army Electronics Command, Fort
Monmouth, N.J. 07703.

CIRCLE NO. 396

INFORMATION RETRIEVAL NUMBER 211 THRU 232 »
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PUBLISHED BY MOTOROLA SEMICONDUCTOR PRODUCTS INC.

Featured In This Issue: ’
)‘ New BET RF Power Transistors.

MTTL | & MTTL Il Families Offer
Broad Choice Of T2L Functions

Now the system designer can choose
from 24 different T2L logic functions
with Motorola’s MTTL I and MTTL II
integrated circuit series (types MC400/
500 and MC2000/2100), and can select
from both full and limited temperature-
range versions, in the 14-lead ceramic
flat pack and 14-pin dual in-line plastic
package. (Both series are designed to be
interchangeable with SUHL I and
SUHL II equivalent types and are fully
compatible with each other.)
Among the many design advantages
for these two series is a selection of
speed and fan-out levels, plus excellent
noise immunity, high capacitance drive
and low power dissipation.
MTTL I offers a moderate speed —
up to 20 MHz — for subsystems where
speed is not critical. MTTL II will
operate up to 30 MHz — in medium-
speed applications. Other general specs
include:
» Choice of fan-out — up to 15.
* High noise immunity — 1.0 volt
(typ).

* High capacitance drive — 600 pF
(max).

* Low power dissipation — averages
15 mW per gate (MTTL I) and
22 mW per gate (MTTL II).

Both MTTL I & II are immediately
available in production quantities. Even
the “hard-to-get” J-K Flip-Flops (SF50
& SF60) are readily available (Moto-
rola type Nos. MC515 and MC516).

For details circle Reader Service No. 211

Single-Chip 709 Dual Op Amp ..
First EIA Registered Quad .....
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Two closely-
matched
MC1709C’'s have
been combined,
on a single mono-
lithic chip, to
yield the dual
MC1437P op amp
— and you save
almost '3 the
cost of 2 single
units!

Op Amp Provides Matched Parameters!

We've put two of our popular MC-
1709C op amps on a single monolithic
chip and packaged it in the Unibloc
plastic case. We call it the MC1437P.

The result? A matched set of op amps
with characteristics that assure optimum
dual amplifier performance (see table).

MATCHING CHARACTERISTICS TOLERANCES
(Both Amplifiers) (typ)
Open Loop Gain (AvoLri/AvoLz) +1.0 dB

Input Bias Current (lb1/Ib2) +0.15 pA

Input Offset Current (lio1/lio2) #+0.02 A
@ Average TC (TCiio1 /TCrio2) +0.2 nA/°C

Input Offset Voltage (Vie1/Vio2) +0.2 mV
@ Average TC (TCviol/TCvioz2) +0.5 uV/°C

Channel Separation @ 10 kHz ( South 38| 45148

Eout2

Each amplifier has a typical open loop
voltage gain of 45,000 with temperature
drift of only =3 ,V/°C. It also has the
ability to swing almost the entire supply
voltage (V. typ. = =14 V, peak @ 15
V supply), while output impedance is
only 30 ohms, typ.

The MC1437P dual op amp is ideal
for chopper stabilized applications re-
quiring extremely high, ultra-stable volt-
age gain. These “twins” function well as
summing amplifiers, integrators, or as
amplifiers with operating characteristics
as a function of external feedback.

While you can’t quite get two op amps
for the price of one, with the MC1437P
it’s pretty close — only $8.50 (100-up)
-vs- $6.00 for a single MC1709CP.

For details circle Reader Service No. 212

8-Bit Buffer Register Uses Only 4 MECL Il Dual R-S Flip-Flops!

Truth Table
8bit Butfer Register with Input Gating
Clock or Strobe  Dg D, Dg Dg D3 0, D,y D c |qntl|gnt
(6ns or greater)
. ® . T * - - 0| 0 |Q"|a"
[ D{co cr):co C Dy C D € DyC D ° 1 g L
H !
MC1016P MC1016P MC1016P MC1016P
[ ' 1 ' 1 i 1 0
Q 0y 0 Q a o} 0 a Q a1 a o 2 040 @
' l l I I ' l l ] I I I ' I ] [ 0 = either state may
Dg Dg Dy Dy Dg Dg Dg Dg Dg Dy Dj Dy D, Dy Dy Dy be present
tyd—Din 10 Q,Q = 4ns
lp(lfcm to Q,Q =~ 6ns

Here's an easier, less-complex and
less-expensive way to construct an 8-Bit
Buffer Register wusing just four dual-
function MC1016P MECL II integrated
circuits! These new dual R-S flip-flops
reduce can-count (and system cost) by

doubling the number of functions per
package.

The versatile MCI1016P, monolithic
emitter-coupled flip-flop can be used as
a temporary storage element (as shown);
as a memory data register; or, as a

For details circle Reader Service No. 213

Wideband 1/C Diff-Amp Delivers
Flat Response From DC to 40 MHz

The MCI1510 differential amplifier
offers flat response down to dc and does
not require ac coupling of the input and
output. This reduces “extra” component
needs — simplifies design.

In addition to its low-frequency re-
sponse, the MC1510 also offers a typical
bandwidth to 40 MHz (it can be used
with gain to above 100 MHz) and,
gain is specified typically at Ay = 93.

Its high common-mode rejection
ratio of —85 dB (typ), along with a dc
power dissipation of 220 mW (max)

VOLTAGE-GAIN FLAT OVER A WIDE RANGE
a0
- 60 Vde ™

35

30

VOLTAGE GAIN (dB)

25

v

A

‘Hllll Sl II

01 1020 50 10 100
f. FREQUENCY (MHz)

make the MC1510 highly useful in criti-
cal differential-amplifier designs.

Other typical characteristics include
an output voltage swing of 4.5 V (peak-
to-peak) at 6.0 V supply; and low out-
put distortion, where THD = 1.5%.

Available in the 8-pin, TO-99 metal
“can” and the 8-pin ceramic flat-pack,
the MC1510G and MC1510F are priced
at $8.00 and $9.30, respectively (in
100-up quantities).

0

For details circle Reader Service No. 214

clocked R-S flip-flop with no undefined
logic state.

It employs two single-rail input Set-
Reset flip-flops with a positive clock
input provided for each of the flip-flops.
It has a typical propagation delay of
5.0 ns and operates over a 0 to +75°C
temperature range. Typical power dis-
sipation for the MCI1016P is 125 mW.
Operating frequency is 80 MHz. A
minimum dc fan-out of 25 for each
output is guaranteed.

A wide-temperature-range version is
also available in the 14-lead ceramic
flat pack, for —55 to +125°C operating
requirements (MC1216F).

The MCI1016P is available from dis-
tributor stock and is priced at only $2.60
(1000-up), in the 14-pin dual in-line
plastic package while the MC1216F is
$5.75 (100-up).

Py
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New T0-66 Packaged Silicon
Power Transistors Match
Current Ratings Of Many TO-3’s

If you've been looking for a smaller
silicon power transistor that would still
provide the current handling capability
of a TO-3 packaged device, the new NPN
2N4231-3 5-amp series, encased in the
rugged, compact TO-66, will more than
“fill the bill.”

These little powerhouse metal-can
transistors can serve in a broad spectrum
of industrial and military servo-amplifier,
driver and switching designs to 4.0 MHz,
where space is at a premium . . . and
economy is a must!

The units have a minimum guaranteed
gain of 25 at I, = 1.5 A — with usable
gain up to I, = 3.0 A, which lets them
handle much greater current loads while
still maintaining a more realistic gain
level than similar power transistors. And,
as to their safe area capability . . . they
can handle up to 29 watts at 1.0 Adc —
enough for the most stringent medium-
current design requirements!

Peak circuit efficiency is ensured by
the exceptionally low power losses of the
2N4231-3 series. For example, the maxi-
mum saturation voltage of this series is
only 0.7 V at I, = 1.5 A (only about
one-half that of comparable types at I,
= 500 mA). And, if you're comparing

Although only
about 609, the
volume of the
TO-3, the TO-66
packaged
2N4231-3 silicon
power transistors
can dissipate up
to 35-watts and
handle current
loads to 5.0-
amps.

= Wit

frequency capabilities, note the high 4.0
MHz minimum f; of the 2N4231-33
series vs. only 800 kHz for other types
in the same category.

Here are just a few highlights among
many that make the NPN 2N4231-33
silicon power transistor series worth
more investigation:

* High Igepuy — S0 A

* Low Vipny — 0.7 V (max) @ 1.5 A

* High hgp — 25-100 @ 1.5 A/2.0 V
— 10 (min) @ 3.0 A/2.0V

* Low Prices (100-up):

2N4231 (BVipo = 40 V min) $1.40

2N4232 (BVigo = 60 V min) 1.60

2N4233 (BVigo = 80 V min) 2.15

* High P, —35W@ T, = 25°C

. and they’re all available off-the-shelf
from your local Motorola distributor.

For details circle Reader Service No. 219
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Motorola's new |
2N5229-31 sili- v w3230 9
con Annular Rt
TO-46 packaged
transistors give
you a good ‘“‘run’’
of efficient low-
level chopper
characteristics —
and there's more
coming soon!

Bv.)30v

NEW BIPOLAR CHOPPERS BID FOR
TOP ROLE IN LOW-LEVEL DESIGNS

Did you know that there are now
bipolar devices that make it possible to
design chopper circuits which can effec-
tively operate at current levels as low as
100 nA?

We're talking about Motorola’s new
2N5229-31 silicon Annular PNP transis-
tor series having low capacitance values
(C(‘], < 5.0 pF, C‘.), < 4.0 pF @ 10 V‘-”)
coupled with saturation resistances of
only 5.0 ohms (typ) and offset voltages
down to 0.5 mV @ I =100 pA. With
this combination, the designer is assured
of both fast and efficient chopper rates.

Take advantage of this price and per-
formance value in applications such as
servo-loop circuitry, sensing instrumen-
tation and control amplifiers for motor-
drive systems.

Here are the factors that make these
bipolar transistors worthy candidates for
most any low-level chopper requirement:

CHARACTERISTIC TYPE Min Max
2N5229 15
Sy e = 2N5230 30
10 uA — (V) 2N5231 50
2N5229 10
BVeco @ le =
2N5230 20
o api i 2N5231 30
Vec(ofs) @ I8 = 2N5229 05
WS | B r
Vec(ofs) @ ls = 2N5229 0.8
2N5230 10
gl 2N5231 L
TecioN) @ f =
LT | g | g
e=0, le =
100 xA-(ohms) 2N5231 5 10
i 2N5229 $2.50
Prices
2N5230 300
o L) 2N5231 378

Prototype quantities are immediately
available in the space-saving TO-46
package.
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Ist EIA Registered Quad Transistor Premieres—2N5146!

A state-of-the-art “‘quad’ device,
designed for medium-current, high-
speed switching and driver applications
where minimum space requirements and
low circuit inductance are prime requi-
sites, has been introduced as a “stand-
ard” off-the-shelf type.

The Motorola 2N5146 PNP silicon
Annular quad transistor is the first ever
registered with EIA and is intended for
a wide number of applications in both
military and industrial designs. Since
four chips are mounted in a single, com-
pact, TO-86 ceramic flat pack, this quad
device takes up less space than an indi-
vidually TO-5 encased transistor.

Compactness, however, is not its only
virtue! The 2N5146 exhibits such super-
lative performance features as:

* High dc gain at high current levels

— hgp = 40 typ. @ 1.0 A.
* Low saturation voltage
— Vepeay = 0.7 V typ. @ 1.0 A.

a5

The 2N5146 “‘Quad,” packaged in the 14-pin,
TO-86 ceramic flat-pack, makes possible ultra-
compact circuitry and reduces wiring require-
ments, to minimize lead inductance.

* High current-gain-bandwidth
product — f = 250 MHz typ.
@ 50 mA.
* Low capacitance
—Cop=11pFtyp. @ 10 V.
* High power dissipation
— PI) = 5.0 W @ Tp == 25°C.
. as well as ultra-fast switching
speeds (e.g. t, = 30 ns typ.)!

For details circle Reader Service No. 217
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Although spec'd
at 100 MHz, the
2N5208's noise
figure remains
typically less than
3.5 dB even out
to 300 MHz—as
indicated by the
curve in this
photo-diagram.

NOW A PEAK-PERFORMANCE BIPOLAR
RF TRANSISTOR FOR LESS THAN $1.00!

You may have doubted that a truly
high-performance RF silicon PNP bi-
polar device, able to fulfill almost any
amplifier application up to 300 MHz,
would ever be available at a price that
made it practical for low-budget designs.
And, it has complete “computer-solved”
design curves which eliminates tedious
calculations!

Even though it is priced at just 90¢, in
1000-up quantities, the 2N5208 gives
you top RF performance parameters:

» High Gpe >22dB @ 100 MHz

e Low N.F. < 3.0 dB @ 100 MHz

e High f, — 300/1200 MHz @ 10 V

e Low [ 5o < 10nA@ 10V

e High hy;; — 20/120 @ 2 mA

e« Low C,;,, < 1.OpF@ 10 V
..and,an1,'C, <10 ps@ 10 V/2 mA/
31.8 MHz.

The 2N5208 operates at breakdown
voltages (BVpo) in excess of 25 volts
and is encapsulated in the reliable TO-92
Unibloc plastic package.

All-in-all; its low price, its high power
gain, its low noise figure, its high f, ad
infinitum . . . make it a worthy candidate
to fill just about any RF socket to 300
MHz in industrial instrumentation and
communications equipment. And, you
can get fast delivery in both prototype
and high volume quantities.
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The VHF/UHF “FET That Fits” Is
Now Available in Plastic Package!

Now a wider scope of low-budget
applications is possible for VHF/UHF
amplifier designs using field-effect tran-
sistors. Motorola’s new MPF106-07
plastic packaged (TO-92) JFETs, priced
as low as 90¢ each (100-up), provide
the economy answer for just about 8 out
of every 10 high-frequency requirements.

Featuring unusually low-noise figures
(even for FETs), these new devices,
while ideal for RF “front-end” circuits,
will work equally well in any low-noise,
high-gain amplifier, from dc to above
500 MHz. Further complementing the
state-of -the-art performance of these
new, low-cost FETs is their high-power
gain of 18 dB @ 100 MHz and 10 dB
@ 400 MHz (min).

Here are some other key specifications

that make these FETs so universally
useful:

Characteristics Min Max

Forward Transfer Admittance
(umhos)

MPF106 2500 6000

MPF107 4000 8000

Input Capacitance (pF) 5.0

Output Capacitance (pF) 2.0
Reverse Transfer Capacitance

(pF) 1.0

Small-Signal Power Gain (dB)
f = 100 MHz 18
f = 400 MHz 10

Noise Figure (dB)
@ f = 100 MHz

2.0
@ f — 400 MHz 4.0

Both the MPF106 and MPF107 are
immediately available from distributor
stock in the Unibloc TO-92 plastic pack-
age. 100-up prices are: MPF106 — 90¢:
MPF107 — $1.00.
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Ultra-Fast Micro-T MMT2369
Transistor Fits Into Places
You’d Never Dream Possible!

If you have an application that
requires the miniaturization afforded by
integrated circuits, but you can’t live
with the parasitics — take a good look
at the MMT2369 Micro-T NPN silicon
Annular transistor.

This new ultra-small transistor opens
up a whole new dimension in high-density
switching design flexibility. Although
only about 1/10 the size of standard TO-
18 and TO-92 devices, the MMT2369
retains all the famous high-speed features
of its big brothers — the 2N2369 and
MPS2369. You can now apply all the
performance advantages of these popular
switches to miniaturized design concepts,
such as thick-film circuitry for computers
and instrumentation.

A “‘thimble-full”” of Micro-T Transistors would
fill both sides of a 114" square PC board
yet still leave units to spare (we put 100 in
the thimble and didn’t reach the top)!

The Micro-T Unibloc plastic package
also helps you lower your PC board
costs. It is ideally suited for drop-in
mounting techniques and, significantly
reduces circuit board depth — a prime
requisite for high-density designs.

Here are some of the MMT2369’s
high switching performance specs:

ton < 12 ns; tyee < 18 ns
fp, > 500 MHz

Cop < 4.0 pF

Icpo < 100 nA

hpp — 40/120

Vepgay < 0.25V
...allat I = 10 mA

Priced at only 97¢ in 1000-up quantities,
it is available in production quantities.
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First True Silicon Replacement For The

2N404 Germanium

Now, with the introduction of the
MPS404/A PNP switching series, you
can have all the benefits attributable to
silicon devices and still be able to plug
them directly into your germanium
2N404 sockets without redesign.

With the MPS404/A, you get silicon
transistors that operate at temperatures
to +135°C and dissipate up to 310
mW at T, = 25°C. And their high
Vipos (unusual in silicon) of 12 volts
for the MPS404 and 25 volts for the
MPS404A eliminate the need for exter-
nal protection against voltage spikes —
saving you money on zener diodes as
well as giving you greater design free-
dom. You also get saturation voltages
[Versay] as low as 0.15 V max. and a
maximum C,, of 20 pF, making them
ideal in computer switching and chopper
applications where no silicon device has
ever been able to perform like the
2N404.

Packaged in the rugged and reliable
TO-92 Unibloc plastic case, the units

Switch Now Here!

A

MREIRRINIINS

MPS404/A Unibloc silicon switching transis-
tors can do everything the germanium 2N404
can do — only better!

are also inexpensive enough for even
the most cost-conscious requirement —
only 25¢ for the MPS404 and 35¢ for
the MPS404A, in 1,000-up quantities.

Try some! They’re available from
your local Motorola distributor on an
off-the-shelf basis.
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New 4-Amp NPN/PNP THERMOPAD Plastic Silicon Power
Transistors Solve The Cost Vs. Performance Dilemma!

Plastic device performance, cost and
reliability have come a long way since
first introduced a few years ago . . . and,
nowhere is this more dramatically evi-
dent than in silicon power transistor
advances during the last few months.

The new NPN/PNP 2N5190-95 4-
amp Thermopad-packaged transistors,
combining high-current, top efficiency
and excellent power-handling capabilities
(to 30 watts) with economy prices and
military-type reliability, are ideal for
demanding industrial driver circuits or
in switch/amplifier applications where
cost/performance is a consideration.

You can use the 2N5190-95 as NPN/
PNP pairs to gain all the circuit-simpli-
fying advantages of direct-coupled,
complementary symmetry, plus realize a
higher degree of frequency stability in
both ac and dc driven loads without the
addition of expensive, impedance-match-
ing driver transformers.

Exclusive Thermopad construction —
with a chip-to-heat sink thermal path of
less than 0.030” — means low thermal
resistance and minimum derating in all
chassis-mounting applications: and the
compact, low-silhouette, malleable-lead
package is simple to mount in virtually
any place or position.

To date, the Thermopad package has
passed 42,000 hours of life-testing under
ambient temperature, high humidity and
reverse-bias—and 100,000 hours storage
life at 150°C, without a single failure!

KEY-MOLE MOUNT
SIMPLIFIES INSTALLATION,

MOUNTING SCREW ISOLATED

FROM COLLECTOR 7%

THERMOPAD HEAT SINK o

CONSTRUCTION-FOR LOW —
THERMAL RESISTANCE HMIGH "S5

HEAT DISSIPATION 7/\ /

//
v/ //

7/

MINIATURE FLAT-PACK-
ONLY 0" LONG(INCL LEADS)
0 3" WIDE, O 1" THICK- LOW~
SILHOUETTE, MOUNTS FLAT
FOR EASY AGAINST CHASSIS
RELIABLE
INSTALLATION

MALLEABLE LEADS

New BET RF Power Transistors
Provide Higher Secondary
Breakdown Protection

Two new series of 28-volt NPN RF
power transistors offer such large safe
operating areas that they are almost
impossible to damage in high-frequency
circuits, even under mismatched loads.

The two series, types MM1549-51
and MM1557-59, are manufactured
using a new “balanced emitter” design
that permits uniform spreading of cur-
rent throughout the devices.

They are available in Motorola’s new
plastic stripline, “opposed-emitter”” pack-
age which enables simpler circuit design
and easier tuning. Also, the low profile
of this new package will be helpful where
tight mounting space requirements
exist.

The MM 1557-59 series is designed for
large signal, 175 MHz power amplifier
output stages, as well as for driver and
oscillator applications in FM, SSB and
pulse modulation systems up to 200
MHz. The MM1559 is especially suited
for use as the output stage in aircraft
radio transmitters.

The MM1549-51 series serves the

The Balanced Emitter Technology (BET) pro-
tects against the development of ‘‘hot spots’’
by providing nichrome resistors in series with
each emitter, to facilitate an even current
distribution throughout the entire transistor
structure.

same types of applications in the 200-
450 MHz range. Major use of this latter
series will be found in government com-
munications equipment.

TYPE Veeo Ic Po hee@ |o55h| fr [PRICE (100-uP)

NPN PNP (sus) (max) @ 25°C | lc =15A (max) (min) NPN PNP
2N5190 2N5193| 40 V $1.05 $1.33
2N5191 2N5194| 60 V 40 A 35 W 25/100 06V 4.0 MHz| 1.28 1.50
2N5192 2N5195| 80 V 1.67 1.95

TYPE POWER @ FREQUENCY POWER
NUMBER ouT(W) (MHz) GAIN (dB)
MM1557 7 175 8.5
MM1558 20 175 83
MM1559 40 175 7.5
MM1549 2.5 175 6.2
MM1550 7.5 400 5.7
MM1551 20 400 4.5
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All six types are immediately avail-
able from distributor stock.
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DUAL-CHIP FORWARD REFERENCE DIODE
—Provides a Tight-Tolerance, Low-Voltage Reference at an Economy Price!

Two diodes in the convenience of one package! That’s the big advantage of
this little performer. Nominally spec’d at 1.35 volts @ 10 mA, the MR2361
offers tight £4% tolerance at 2 points on the forward characteristic to ensure
high conductance (low dynamic impedance) in voltage reference and biasing
applications; i.e., audio/servo power amplifier complementary symmetry where
stable temperature biasing is mandatory.

Its voltage, current, temperature characteristics and low price make it
especially suitable for use with silicon plastic transistors. The MR2361 is
packaged in a “glass” case (meeting the DO-7 dimensional and hermetic-seal
requirements). Triple-chip units are available on request.

Ve @ Ir = 10 mA R@V=50V Price
Type No. in) (Max) (max) (1000-up)
MR2361 1.30V 1.40 V 10 A $ .30
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LOW-COST, JUNCTION FIELD EFFECT TRANSISTORS
— Offer Exceptionally Low Power-Drain Parameters

Because Motorola’s MFE2093-95 junction FET series offers Inss specs as
low as 0.1 mA, it’s a natural for low-current amplifier or switching applications,
particularly in compact, battery-operated systems. And, in the TO-72 metal
package, they are attractively-priced for most military or industrial users . . .
just $1.90 (100-up).

For maximum ease in the use of existing P.C. boards, the series features
interchangeable drain and source. In addition, the devices are packaged with
the chip isolated and the case is connected to pin 4 for easy grounding. Other
features include:

e High dc input resistance (Ioss — 0.1 nA @ 15 V)
e High ac input impedance (Ciss — 6 pF @ 15 V)
e Low transfer capacitance (C..« —2 pF @ 15 V)

Any of the three types are available in production quantities.
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CLOSELY-MATCHED PNP DIFFERENTIAL AMPLIFIERS
—Provide hyy,/hpy, Tolerances Within 5% of Each Other!

Another dimension has been added to Motorola’s series of 2N3800 PNP
dual differential amplifiers with the availability of tightly-matched “A™ versions.
Not only do these new “A” duals offer all the top-notch specs which have
made the rest of their family the first choice of precision diff-amp designers,
but their hggi/heg: ratio is only 0.95/1.0 (5% ), at 25°C, and no more than
0.85/1.0 from —55 to +125°C, both measured at Ver = 5 V, Ic = 100 pA.
In addition, they exhibit a Vgii/ Ve differential of less than 1.5 mV at 100 zA.

The 2N3804A/5A are packaged in the TO-72, the 2N3810A/11A in the
TO-5 (low-profile) and the 2N3816A/17A in the TO-89 flat-pack — all 6-leaded.
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HIGH-VOLTAGE GERMANIUM POWER TRANSISTORS
—Give Peak Performance at Valley Prices!

The Vees ratings of 200 V and 320 V, coupled with price-tags in the “just
over a dollar” area, combine to make the MP3730/31 germanium power transis-
tors leading candidates for inverter, TV deflection, and power supply designs.

And, top efficiency is assured with excellent thermal dissipation — 0;0 =
1.5°C/W — a figure of merit twice as good as similar units! Both types handle
56-Watts and operate at temperatures up to +110°C.

Other features include Igso of 50 mA, Ver = 0.6 V and Ices = 5 mA.
The units are packaged in TO-3 cases — and are available in quantity.

Vces Ic Vce(sat) PRICE
TYPE APPLICATIONS Volts | Amps |  Volts fee @ Ic | (100-up)
Industrial Power Supplies
MP3730 | Inverters 200 5 0.75 @ 15 @ 2.25A | $1.05
TV Vertical Deflection lc = 2.25A (min)
Industrial Power Supplies
MP3731 | Inverters 320 10 0.5 @ 15@6A 1.40
TV Horizontal Deflection lc=6A (min)
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PNP RF POWER TRANSISTORS
— Provide 1,7.5 And 30 Watts At VHF/UHF — With Positive “Grounding”
There should be a lot of polarity changes in the near future . . . specifically
in the final output stages of both industrial and military communications
equipment The Reason: A new series of PNP transistors offering a positive
“ground” advantage and high power output ratings at 175 and 400 MHz!
Motorola types 2N5161 and 2N5162 are designed for amplifier, frequency
multiplier and oscillator applications in mobile communications, air-to-ground
tactical communications, and as varactor drivers. The third PNP type, desig-
nated 2N5160, is suitable for use as a Class A, B or C output; driver; pre-driver
or power oscillator in VHF and UHF applications to 800 MHz.

Device Power Out @ Frequency BVceo | Min. Power | Typ fr Pkg. Price
Type (W) (MHz) (V) | Gain (dB) | (MHz) Type (100-up)
2N5160 1.0 400 60 8.0 800 T0-39 $ 4.50
2N5161 /4] 175 60 8.75 500 T0-60 12.50
2N5162 30.0 175 60 6.0 500 T0-60 18.00

For details circle Reader Service No. 228

HF RELAXATION OSCIL.
Low eta range: 0.51-0.69

TIME DELAYS
Ip “1.OuA max.

SCR TRIGGERING
Voe1=6V min.

GEN. PURPOSE
leszo - 10nA

T Fot chﬂoux\.

...on delivery of literature
for items described in this
publication — fill out this
coupon, fold as indicated
and drop in the mail.

(NO POSTAGE IS REQUIRED)

UNIBLOC PLASTIC UNIJUNCTION TRANSISTORS
— Offer A Wide Choice of Specs at Economy Prices

You can now choose the spec that fits your particular application and
design criteria (and price requirement) with the new Annular MU4891-94
UJT series ... from timing-to-triggering-to-general purpose. For example, the
MU4893, which exhibits a high Vor: of 6.0 volts min, is ideal for use in SCR
triggering circuits while the MU4892 can be zeroed right into high frequency
relaxation-oscillator circuits due to its low eta (n) range of 0.51-0.69. And, a
low 1.0 A maximum I, makes the MU4894 a natural for long time delay
applications.

Type Primary Use Highlight Parameters Intrinsic Standoff Ratio (1) Prices (1,000-up) |
MU4891 | General Purpose Low leszo 10 nA (max) 0.55 — 0.82 $ 51
MU4892 HF Relaxation Osc. | Low eta spread — 0.51-0.69 0.51 — 0.69 .70
MU4893 | SCR Triggering High Vos = 6.0 V (min) 0.55 — 0.82 .54
MU4894 | Long Time Delays Low Ip 1.0 uA (max) 0.74 — 0.86 .60
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10,000 PULSES-PER-SECOND MODULATOR SCR SERIES
— Provides Voltages from 300 to 600 Volts at 300 Amps (Pulse)

Motorola’s rugged 100-amp and 1,000-amp pulse modulator SCR’s have
now been expanded to include the new MCR1336-5 thru MCR1336-10, 300
amp, 300 to 600-volt units capable of top performance in military/space
transponders, beacons, portable aircraft radar and high-pulsing applications.

Typical switching time characteristics include: 75 ns delay and rise (at
100 amps, Iy, capacitive discharge circuit, I¢ = 500 mA @ 25°C), and 7 us
tore (PFN discharge, 100 amp and pulse). Its dv/dt is 250 V/us while di/dt is
1,000 A/us. The unit has a wide operating temperature range of —65 to +105°C.
100-up prices start at $13.75 for a 300 volt unit (MCR1336-5).
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S NEW PRODUCT BRIEFS

JAN2N499, JAN2N499A, JAN2N501A GERMANIUM TRANSISTORS
— Now Available In Quantity To Fill Mil-Type MADT Sockets

If you say “availability” three times, you’ve got the big story behind the
Motorola JAN2N499, JAN2N499A, and JAN2N501A — newest additions to
the growing line of MADT types immediately available in production lots
for “drop-in” replacement of older, source-limited types. These high-frequency
units, fabricated with the Motorola-developed “Selective Metal Etch” process,
meet exact parameter-by-parameter specs and achieve nearly identical key
MADT characteristic distributions. They can replace MADT types with no
redesign required!

TYPE | APPLICATION KEY PARAMETERS
JANZN4SS | VHF Amplifier] he @ Ie — 1 mA, | Gre @ 100 MHz, Co @10V
Vee =9V = 10-250 | vy, — —10V, lg = 2 mA BVceo @ lc = 1 mA
JANZN499A | VHF Amplifier| he @ It — 1 mA, | — 7.5 dB (min) — 2.5 pF (max)| = 18V (min)
Vee = 9V = 20-80
JANZNSO1A | HF Switch | hee @ I — 10 mA, | fr — 175 MHz Vit @ Ic — 10 mA,
Vce = .5V = 30 (min)| (typ) @ 10 mA/.5 V Is = 1 mA = 0.2 V (max)

With these three new types, a total of twenty Motorola units are now avail-
able for MADT high-frequency amplifier and switching applications.
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SILICON PNP BILATERAL SWITCHING TRANSISTOR
—For High-Current-Level Chopper Designs.

The bilateral performance capabilities of the Motorola MM4052 transistor
frees the designer of sophisticated telephone and communications switching
networks from dependence on comparatively slow, cumbersome relays. In
addition to all the benefits generally attributable to high-performance transistor
switches, this unique device amplifies high level signals bidirectionally — e.g.,
forward hgr = 15 @ 150 mA/1.0 V and inverse hyz >3 @ 150 mA/1.0 V.

Combining a host of peak-efficiency parameters (as indicated by the chart
below), the MM4052 is worth looking into whenever you have a requirement
for a high-level device that can switch in both directions.

Packaged in the miniature TO-46 case, it is priced at only $3.00 (100-up).

Offset “on” Series Capacitance
BVeso BVeco Voltage Icso Resistance @ 10 Vde
(min) (min) VEC(ofs) (max) r: @ 10 mA (max)

(max) (max) Cos Co
30V 30V 1.0 mv 0.5nA 2.0 ohms 10 pF 5 pF
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The little switch
that works like it’s
10 feet tall

Shown above in actual size, it’s
apparent that the MICRO SWITCH
V3 is just a smallfry. But as more
engineers than we’d care to count
know, there’s nothing smallfry about
its performance. This miniature
switch has contributed to the reli-
ability of nearly every important
name in the electrical/electronics
industry.

If you’re not personally ac-
quainted with what our V3 can do
for you, we invite you to put it to

There’s practically no
limit on the design

N —— ——— T , R - =

- . r-—"'\ : r"‘—‘ x p— ’,t_ o
freedom offered by the V3. ﬁ ﬁ ; ﬁ 7 ’ : ’ ‘ @ . &
MICRO SWITCH

the test. Or we’ll be happy to supply
you with test data compiled in our
Test Lab—the industry’s largest and
best-equipped.

For instance, check it out for
repeatability of operating character-
istics. Superior design and precision
manufacturing result in extremely
high repeatability throughout its life.

TERMINAL VARIATIONS
SCTEWA e ot lmt el o) 4-40 UNC x .125
SO e S s .270 Long
Short Solder.: « . i de oo o' .093 Long
Quick Connect (D8)...... .188 x .250
Quick Connect (D9)...... 1250 %315

FREEPORT, ILLINOIS 61032

A DIVISION OF HONEYWELL

a8

B

Consider too the exceptional de-
sign freedom you get with the V3:
over 500 different design combina-
tions including variations in circui-
try, electrical capacity, actuators,
terminals and resistance to various
environments. Furthermore, new
designs are constantly being added
to the list.

Call a Branch Office or Author-
ized Distributor (Yellow Pages,
“Switches, Electric’’). Or write for
Catalog 50.

-

HONEYWELL INTERNATIONAL e Salesand service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan
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Now from Sprague Electric!

*Trademark

Your custom
pulse transformer
is a standard
DST  transformer

i iy i

Some of the case styles in which Sprague DST Pulse Transformers are available. Note the in-line leads.

You can select the transformer design you
need from the new Sprague DST Family, a
fully-characterized series of Designer Specified
Transformers which Sprague Electric has pio-
neered. It’s easy. Start with the two basic
parameters dictated by your circuit require-
ments: primary (magnetizing) inductance and
volt-second capacity.

New Sprague engineering data gives basic in-
formation from which all nominal sine wave
parameters are derived. This data allows you to
specify the one transformer from some 16,400
different possibilities which will optimize per-
formance in your application.

Design Style A minimizes magnetizing induc-
tance change as a function of temperature.
Typically it’s < #=10% change from 0 to 60C;
< *=20% from —55 to 4105 C.

SPRAGUE COMPONENTS

i i o

Design Style B and C give you broad band-
pass characteristics, and still keep magnetizing
inductance change < *=15% from 0O to 60 C.

Design Style D is fast. Associated leakage in-
ductance and coupling capacitance are kept at
a minimum. This style is just what you need
for interstage and coupling devices in compu-
ter drive circuits.

The Sprague DST Series packs a lot of trans-
former into minimum volume packages —
epoxy dipped for minimum cost, or pre-molded.
The 100 mil in-line lead spacing is compatible
with integrated circuit mounting dimensions on
printed wiring boards.

To solve your pulse transformer design, start
now. Write for Engineering Bulletin 40,350 to
the Technical Literature Service, Sprague Elec-
tric Company, 347 Marshall St., North Adams,
Massachusetts 01247.

PULSE TRANSFORMERS
THIN-FILM MICROCIRCUITS
TRANSISTORS

CAPACITORS
RESISTORS

4ssC-7137

18

INTEGRATED CIRCUITS
INTERFERENCE FILTERS
PULSE-FORMING NETWORKS
TOROIDAL INDUCTORS
ELECTRIC WAVE FILTERS

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

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' @" are of the Si
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Oceanological problems could be solved by electronics.  Radiation testing of new MOSs is
What is wanting is money, and coordinated effort. p. 25  hindered by nuclear ban. Page 36

Also in this section:

Photoresist film may speed printed-circuit processing. Page 33
L band to help X-band navigation system to penetrate rain. Page 40

News Scope, Page 21 . . . Washington Report, Page 47 . . . Editorial, Page 57
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CONTEST &

A periodical

THE UNABASHE

PLEA

We were over at our advertising agen-
cy the other day, participating in one
of their creative dart games and trying
to come up with another great contest
idea. Which we did. But found we
could get in serious trouble transport-
ing the prize across a state line.
While we may throw a dart or two
during coffee breaks, we're usually
rather serious people. Especially when
it comes to such things as the advan-
tages of our Twist/Con connectors.
Twist/Con is our exclusive method
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SOCKET NO. TC-24S
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of giving you very high density PUCE
ing of contacts on .050” centers. (That’s
up to 420 conMcts per square inchy
We've been able to do this by remov-
ing the standard conta®t spring mem-
ber and replacing it with a breathing
helical spring.

Twist/Cons come in 24 and 22 pins
and sockets, The 24 is for #24 and
smaller wire; the 22 is for #22 wire
and smaller. The 22 is a crimp remov-
able contact on .065” centers. Both
have grooves in the contact
body for real tight re