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Leave my power supply system alone!
You can get your own in only 9 days from Acopian.

"I tried struggling through that old
power supply system catalog. It was
like a jigsaw puzzle, hunting for the
pieces | needed for my new power
system. There had to be a better way.
“Then | remembered the Acopian
hotline. | called it. | told them the
DC voltages and currents | wanted.
Discussed panel size. Meters.
Switches. And other accessories.
““They gave me a firm price. Right
on the phone. It was a lot less than
| expected. | had our buyer phone
in the P.O. And Acopian designed,

built, tested and shipped it in nine
days. Completely wired.

""So go order your own Acopian
power system . . . It's easy!”’

HOW TO ORDER
ACOPIAN POWER SYSTEMS
= Call Acopian collect

= Tell us the outputs and accesso-
ries you need

= Get a firm price

= Shipment of completely wired
system will be made in 9 days.

CIRCLE NO. 1

For immediate service, call the
Acopian hotline: (215) 258-5441.
For literature, write Acopian Corp.,
Easton, Pa. 18042. And remember,
Acopian also offers 82,000 different
DC power modules, every one
shipped with this tag . . .

THIS POWER
UPPLY
SHIPPED mm",",?s

AYS

Aeopian




Introducing: “The Portables” from

| VP08 S%ersoscon

1V calibrator connected internally.*

HP

The 1707A —Fastest in Ilts Class

If you're looking for speed in a
$2000 portable scope, then the new
dual-channel HP 1707A is your baby.
It gives you 75 MHz bandwidth (<4.7
ns risetime)—more than any other
scope in its class. And you get 10
ns/div sweep speed, delayed sweep,
and 10 mV/div over the full band-
width. With this capability, you can
measure T2L or ECL pulse timing and
propagation delay. Yet the 1707A
costs only $1925.

And, you get this performance in a
truly portable scope. The 1707A
weighs only 24 Ibs. And it can be
powered from an internal, recharg-
able battery pack ($200)—or from any
dc source from 11.5 Vto 36 V, as well
as any standard ac outlet.

Its low power requirement not only
allows battery operation—but also
eliminates the need for fans, or even
dust-admitting vent holes. And
although the 1707A is small and light,
you still get a large 6 x 10 cm CRT

viewingarea—larger than competitive
scopes. Compare the display bright-
ness, too!

If you need even more measure-
ment capability, a $125 option gives
you our ‘‘lab package’” which in-
cludes mixed sweep, calibrated de-
lay, and external trigger input for
delayed sweep. It also includes ex-
ternal horizontal input, and cascad-
ing capability at reduced bandwidth.
(How's that for a bargain?)

Our new 1700 Series of portable
scopes begins as low as $1680—for
the dual-channel, 35 MHz 1700A
(<10 nsrisetime). Add delayed sweep,
and you've got our 1701A, for only
$1800.

The philosophy behind the 1700
Series is simple—providing the max-
imum in useful capability per dollar.
The 1700A, 1701A, and 1707A offer
wide flexibility, giving you everything
you need for digital field service
work. And they won't cost you a for-

CIRCLE NO. 2

tune. Compare them with anyone’s
competitive models—prove to your-
self that the HP 1700's are the best
values in portable scopes today.

For further information on “The
Portables”—HP’s new 1700 Series
scopes—contact your local HP field
engineer. Or write Hewlett-Packard,
Palo Alto, California 94304. In Eu-
rope: 1217 Meyrin-Geneva, Switzer-

land. *Option 020 Shown, HP's lab version of the
1707A, $2050

Scopes are changing.
Are you?

081/12A
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(-l l-m BETTER QUALITY AND RELIABILITY THROUGH CONTROL

They’re Small and Reliable*

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

STYLE

WORKING
VOLTAGE

CHARACTERISTIC

CAPACITANCE
RANGE

DM5

50vDC

1pF thru 400pF

m

27pF thru 400pF

85pF thru 400pF

DM5

DM10

DM15

100vDC

1pF thru 200pF

m

27pF thru 200pF

85pF thru 200pF

1pF thru 400pF

m

27pF thru 400pF

85pF thru 400pF
1pF thru 1500pF

m

27pF thru 1500pF

85pF thru 1500pF

DM5

DM10

DM15

300vDC

1pF thru 120pF

27pF thru 120pF

85pF thru 120pF

1pF thru 300pF

m

27pF thru 300pF

85pF thru 300pF

1pF thru 1200pF

m

27pF thru 1200pF

85pF thru 1200pF

DM10

DM15

500vVDC

1pF thru 250pF

m

27pF thru 250pF

85pF thru 250pF

1pF thru 750pF

m

27pF thru 750pF

Mo OIMo (O[O |0 |0 |0 O |[OT T |O)T O [OfT O |OfT (O[O
m

85pF thru 750pF

Where space and performance are critical, more and
more manufacturers are finding that El-Menco minia-
turized dipped mica capacitors are the reliable solu-
tion. The single coat is available in three sizes: 1-CRH,
1-CRT and 1-CE.

The 1-CRH DM “‘space savers” easily meet all the
requirements of MIL and EIA specifications, includ-
ing moisture resistance. The 1-CE and 1-CRT units
also meet the requirements of MIL and EIA specifica-
tions, except that they have less moisture protection
because of their thinner coating; these capacitors,
therefore, are ideally suited where potting will be
used. Note: DM10 and DM15 units are still available
in the standard 4-CR size.

Specify “El-Menco” and be sure . . . the capacitors
with proven reliability. Send for complete data and
information.

*Normally, ElI-Menco 39 pF capacitors will yield a failure rate of less than
0.001% per thousand hours at a 90% confidence level when operated with

rated voltage and at a temperature of 85°C. Rating for specific applications
depends on style, capacitance value, and operating conditions.

THE ELECTRO MOTIVE MFG. CO., INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders

Mylar-Paper Dipped ¢ Paper Dipped * Mylar Dipped * Tubular Paper

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

5380 Whittier Blvd., Los Angeles, California 90022

ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS

CIRCLE NO. 5



Aluminum Electrolytic Capacitors

THE
CRITICS

LYTICS

TYPE 360

Be critical. Specify Sprague Powerlytic’ Capacitors
for maximum capacitance in minimum space.

Type 39D Tubular Case

Case sizes from 2" x 14" to 1" x 3%". Operate at
temperatures up to 85 C. Unique construction—anode
and cathode terminals are welded—no riveted or
pressure connections—prevents open circuits, even in
microvolt signal range. Standard ratings include ca-
pacitance values to 18,000 uF, voltages from 3 to
450 VDC.
Write for Engineering Bulletin 3415.

Type 36D Cylindrical Case

Improved materials and processes now permit ex-
tended capacitance ratings. New, large case size,
3" x 8%", allows capacitance values up to
650,000 uF. Ideal in applications such as computer
power supplies, industrial controls, high gain amplifiers.
Low equivalent series resistance, low leakage current,
excellent shelf life.
Write for Engineering Bulletin 3431C.

Technical Literature Service, Sprague Electric Co.
491 Marshall Street, North Adams, Mass. 01247

Popular ratings are available for fast delivery
from your Sprague Industrial Distributor.

THE BROAD-LINE PRODUCER OF ELECTRONI

45M.0163

SPRAGUE

R

CPA

THE MARK OF RELIABILITY
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CELANESE NYLON.
THE HEAD STA

Give your products a head
start on top product design,
performance and economics.
With Celanese Nylon.

General Electric does. In
GE hair dryers, for example,
the resilience of Celanese Ny-

lon gives coil bobbins the kind

of snap-fit that holds parts
together snugly. So assembly
is simple, less expensive.
But of course there are lots
of other reasons for choosing
Celanese Nylon. Like the fact
that it has U/L rating on
electrical propertiesof 105° C.
Or its great mechanical
strength and toughness. Or
its high dielectric properties,

Celanese Plastics Company s & division of Celanese Corporation. Canadian Affiliate: Chemcell Resources

T
./

/ [
] { ! n
{ ' (A f ‘f

80 you can design more com-
pact units with thinner walls.
Or the fact that Celanese Ny-
lon is made in a totally contin-
uous process. So it’s whiter in
the pellet. Whiter in your
product. Whiter through sue-
cessive regrinds. And more
consistent from lot to lot.

'fﬁ"%«\ ,

il 0

RTM

Ltd. Export: Amcel Co., Inc., and Pan Amcel Co., Inc., 522 Fifth Avenlue, New York 10036.

ATERIAL.

Maybe that’s why retainer
rings in GE hair dryers are
also molded in Celanese
Nylon. And why GE uses
Celanese Nylon for gears and
bushings and bobbins in their
broad line of oscillating fans
and heaters.

Give your products a good
head start by writing for a
copy of our brochure on
electrical applications of
Celanese Nylon. And a U/L
Yellow Card. Celanese Plas-
tics Company,
Dept. N-502,
550 Broad St.,
Newark, N.J.

07102. ®

CELANESE
PLASTICS

CIRCLE NO. 6
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Prevent semiconductor failures...

with a circuit breaker?

Send us $20 and see for yourself.

What you'll get back is a sample
of our JA/Q® electronics pro-
tector, which is no ordinary circuit
breaker.

It's a circuit breaker with a built-
in hybrid microcircuit crowbar.
And that's where the failure pre-
vention comes in.

When a dangerous transient or
overvoltage occurs, the crowbar
fires and shunts the load within
500 nanosec. Vulnerable semi-
conductors are never exposed to
a condition which might destroy
them.

The circuit breaker sees the
shunted load as a dead short, and
electromechanically disconnects
the equipment within 10 millisec,
thus providing protection for the
crowbar.

Normal overcurrent protection is
in no way affected by the presence

of the crowbar. You can still order
precision current ratings, job-
matched time delays, and all the
other options normally offered with
our standard Series JA breakers.

The whole protection package is
remarkably economical. In fact,
we can provide the crowbar for
less than you can build an equiva-
lent circuit in-house. And there are
related savings in space, and in the
ability to use lower-rated semi-
conductors.

To evaluate the performance of
the JA/Q for yourself, send a
check for $20, along with your
name, department, and company
letterhead to: Richard Kurtz, Heine-
mann Electric Company, 2626
Brunswick Pike, Trenton, N.J.
08602. Please specify 6.5, 14, 17,
26, 32, or 38-volt firing level; and
2, 5, or 10-amp current rating.

HEIiNEMANN
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Editorial

We Need Some

Technological Wilderness Areas

Conservation-minded people around the
country have successfully sought to rescue
an area here and there from the press of
civilization. For good reason these efforts
are almost universally appreciated and
endorsed.

But what are the reasons? Preserving
natural beauty for its own sake? Saving
part of what once was, as sort of a sou-
venir? Catering to the special interests of
back packers? Perhaps one of the basic
reasons is that man does not want to be
totally insulated from natural earth by a
layer of civilization.

Just as civilization has nibbled away at
Mother Earth, technology is nibbling away
at man’s opportunity for personal achieve-
ment. One of the saddest sights | ever saw
was an automated steel mill run by the
men who used to do it with knack and
muscle. Their work day was reduced to
passing the hours by whittling and oc-
casionally checking chart recorders. Yet,
who can argue against automation when it
concerns the production of steel and other
materials and products crucial to man’s
well-being?

There are some areas, though, that
might be better off if they were left alone.

Computer-generated “art” and computer-
composed ‘“‘music’” might qualify as un-
necessary and even undesirable applica-
tions of technology.

Then there is the news of a new elec-
tronic organ that can change keys at the
flick of a switch—which kind of negates
those endless hours of practicing scales
and arpeggios in 12 keys. And we have ac-
cepted the boob tube as a satisfactory sub-
stitute for the art of conversation. How
about the prospect of test tube babies and
controlled heredity?

In our effort to make everything automa-
tic and efficient, we may be robbing man
of his chance to be creative. Ultimately we
may be shoving a computing electronic
interface between him and anything he
can gain a sense of accomplishment from.

Society is showing signs of rebellion,
and agitation for technological wilderness
areas is just as strong as it is for the
geographical version. Perhaps engineers
should begin assessing the psychological
impact of technology as seriously as they
now are assessing the environmental and
ecological overtones.

A human being needs more out of life
than a fistfull of pushbuttons.

e

Editor






Introducin

thelittle co

thatcan.

It can become four different systems.

It can go anywhere you do.

It can protect you against obsolescence.

It can make buying and maintaining a coun-
ter less expensive than ever before.

Meet the Hewlett-Packard 5300, the snap-
together counter that’s not much bigger than
the palm of your hand. It has six
digit accuracy, solid state display
and autoranging. It'll make period,
frequency, time interval and ratio
measurements, operate on its own snap
on battery pack and drive a printer. Prices start at
only $520.

If everything sounds too good to be true,
we'll tell you how we did it: snap-together con-
struction that lets you choose the module that
makes the counter you want and also avoid obso-
lescence. Plus the most advanced LSI circuitry _ .
ever used in a counter. That means you get

s=—mammme, 2 cOmpact instrument with
— high reliability, perform-
anceand versatility ata cost
lower than ever before.

To make the counter you need,
take the $395 mainframe and add any of the follow-
ing 4 modules (more are on the way). They lock
right onto the mainframe in an instant. .

® 10 MHz frequency module. Direct
frequency counting to greater than

10 MHz. Model 5301A, just $125.

¢50 MHz all-purpose module
with period average, time interval,

——

lglnter

and ratio functions. Model 5302A, $250.

® 500 MHz frequency module, both 502 and 1
Mg impedances. DC to 500 MHz. Model 5303A,
only $750!

¢ Time interval module with features you'd
expect to pay twice as much for: 100 ns resolution;

attenuators and slope and trigger level controls
on both channels; counting to better than
10 MHz; period averaging. A unique “time
interval holdoft” feature lets you ignore
electrical pulses between the events you want
to measure. Model 5304A, $300.

You ought to be able to take a counter as

small and useful as the 5300 anywhere. And you
can. All you have to do is snap on the battery
pack (Model 5310A, $175) for 4 to 8 hours worth
of cord-free operation. The pack fits between the
mainframe and any module. The system’s rugged
dust-proof aluminum case resists
almost any of the bumps it might
get in the field.

The 5300 is one system you have
to use to appreciate; there.is simply no
other way. To get you started we’d like to send you

more information on this amaz- -~

ing instrument. Just call your
nearby HP field represent-
ative or write to Hewlett-
Packard, Palo Alto, -
California 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

02104

): PACKARD
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Lowest

pawar Lowest
(20 W) input current
(2 pA)

/ 100% testing
to eliminate

1- State / popcorn noise

of the art

World' i "
o _—"" monolithic

fastest :
(130 V/usec) Automatic
Op Amps testing to

guarantee
Standard Op Amps
\ Regulators

AVos/ AT
o 0“ need
T 0.01% accuracy

\
di

2. Complete
linear line.

o

Comparators

3. Fastest
monolithic
D/A current
switches.

a I 0 g .

Multi-channel

J-FET
Analog Gates
4.7otal
analog
5 Junction

hybrid and dielectric
capability. isolation

Multi-channel

MOS-FET
Analog Gates FET input 5- Precision

instrumentation Ith. d I
amplifiers monolithic aua
(0.01 pA) -

g / FET and bipolar

Lowest noise g
transistors.
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Where you get the choice.

Since Dr. Hoerni founded Intersil we've
amassed more kinds of analog techno-
logy than any other semi house. Today
we're solidly in the business, with people,
processes, and products to serve the
analog designer.

Pick a winner in linears.

Intersil op amps set the pace in every
vital parameter. The 8017 slews 130
V/usec (with 10 MHz bandwidth, 50 nA
input). 8021 dissipates less than 30 W
with =1.5 V supplies. 8007 FET-input amp
has 2 pA bias. Automated test systems
have been developed to select an Intersil
amplifier for AVos/AT down to 3 pV/°C.
Our 741-LN is specified with a “popcorn”
noise free guarantee. In standard analog
products we offer general purpose op
amps (101, 101A, 108, 741, 748), positive
and negative regulators (100, 105, 723)
and precision comparators (8001).

In hybrids, switches, discretes.

From a combination of dual FET and IC
technology, our hybrid analog gates work
twice as fast as the nearest competition.
And the 8500A Hybrid Electrometer Op
Amp has the lowest input bias anywhere:
0.01 pA!

The 8018 D/A Quad Switches feature
100-ns switching with 12-bit accuracy.

We make over 200 monolithic dual
J-FETs and transistors with 3pV/°C
thermal tracking and matching to 1.5 mV.
Get all discretes and linears in dice,
wafer or flip-chip form. Or let us work
with you on custom processes or circuits
to suit your special needs. Call Murray
Siegel or Dave Fullagar (408) 257-5450
for help in any analog requirement.
Intersil. First in analog technology. 10900
No. Tantau Avenue, Cupertino, CA 94014.

Get 'em all here.

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 Electronigue. 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.

CIRCLE NO. 9
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Design News

Low-Cost DVM Is No Toy

It’s refreshing in these days of spiral-
ing prices to occasionally find this
trend turned around without any
compromises in quality, performance,
or effectiveness. This is just what
Data Precision Co., Wakefield, Mass.,
has done in its newly announced line
of 5-1/2- and 4-1/2-digit multimeters.
Rather than try to cut costs from ex-
isting methods of performing A/D con-
version and other internal functions,
designers at Data Precision stripped
away all the trees from the proverbial
forest and started over from scratch.
What resulted is the new “Tri-Phasic”
method of A/D conversion, an “Iso-
polar” reference standard and “Ra-
tiohmic” resistance measurement, all
basically so simple in concept, you
wonder, “how come I didn’t think of
it.” These three proprietary circuits

Front panel of full 4-1/2-digit multimeter.

are the reasons why you now can buy
a precision multimeter for about $700
with as many functions as and with
equal or better performance than in-
struments costing as much as four
times that amount. If you don’t be-
lieve it, check the specs. Normal
mode rejection is 60 db at 10 Hz and
multiples thereof, automatic zero on
all ranges, accuracy 6 months, 23°C
+5°C is +0.007% reading +0.001%
full scale.

What features do you get besides
performance? DC and AC volts—4
ranges, ohms (4-wire measurement)
—5 ranges, DC ratio—4 ranges, data
input/output, autoranging and auto
polarity.

Thanks to the new circuit tech-
niques used, many expensive and
space consuming components are

eliminated so that this performance
and these features all are packed into
a 3-1/2- by 8-1/2- by 12-inch cabinet
weighing 8 Ib. This instrument is
available as a full multimeter or in
standard lower-cost models with spe-
cific features eliminated. Standard
display is “Nixie” tubes although 7-
segment displays will be available as
an option.

An important lesson can be learned
from this remarkable instrument. It
isn't always necessary for designers
to build fences around problems that
crop in their design. Maybe the best
thing to do is take a step backward,
look at the problems, and find new
ways to make these problems elimi-
nate themselves from the ultimate
solution. It may sound far-fetched, but
in the case of this instrument it

Inside view of cabinet. Top section contains all analog functions
and function select relays. Lower half from left to right includes
full shielded power supply, ISOPOLAR reference (metal can),
counters, latches, auto-ranging section and nixie drivers.

EDNEEE duly 15 197 1
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The small atter.

A core memory system is only as reliable as
the cores that go into it. When you make
20-million-bit mass memories like our Large
Core Store (LCS), you need the highest relia-
bility. So we’ve invented an exclusive way of
making cores uniform in quality, density and
size. We have a way of testing every core for
mechanical and electrical reliability before it’s
strung. Quality control all the way. All the way
from cores to stacks, and from intermediate

DATA PRODUCTS

systems to the LCS (20,000,000 cores worth
of quality...that’s no small
matter). We'll make a com-
patible memory for any
system you have, or any

you have on the board.

One with built-in econ-
omies. We specialize in
specials, so buy only as much
memory as you need. Just make your demands.

OEMmarketing 16055 Ventura Blvd., Suite 419, Encino, California 91316

Acton, Massachusetts (617) 263-3961; Bethesda, Maryland (301) 652-8120; Cherry Hill, New Jersey (609) 667-7555; Dallas, Texas (214) 231-2240; Detroit, Michigan (313) 354-5858; Los Altos, California (415) 941-5485; Los
Angeles, California (213) 981-9600; Melbourne, Florida (305) 723-0720; Minneapolis, Minnesota (612) 827-8747; Amsterdam, The Netherlands 020-156-297; London, England 01-579-2917; Vienna, Austria 34 53 61, 34 44 16

CIRCLE NO. 10
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Our core memory ANNOUNCING!

systems...

CM 1700
Large Core

Store — An Design New.
advanced high- S g e S
speed random
access mass

memory
providing up to -
20 million bits
in either 40 or 80 bit configurations. A

2-wire, 2% D system with 2.0 microsecond

cycle time; 1.25 microsecond access time. Multibeam SERIES
: He-Se L
storota— || Debuts 10 BIT MINIATURE

Buy only as

as you need: A broad line of gas lasers, including D/A CUNVERTERS

much memory

f&xx?f a new multibeam helium-selenium
A flexible laser were featured at the 1971 Elec- COM PI_ETE!
plug-in system with a full choice of cycle - i -
tifaes, Bailt for Sasy malvensncs and tro-Optical Systems Design Confer Internal Reference and Ladder
field expansion, with 212D cycle times at ence by RCA Electronic Components. Just add op-amp
A oo Equipped with a prism wavelength ACCU ATE :
Store/233 — selector, the multibeam unit demon- ] : R .
Core’;‘ﬂgﬁgg strates the profusion of laser beams Linearity — 10 bits =+ ¥2 bit
4 with modular available from a single laser (see FAST'
dasign-fe table). Such a selection of visible )
. Behot ' . Settles to ¥2 LSB in 375 nS max.
maintenance beams makes the He-Se laser an im-
and low spare parts inventory. The use of . y
3-wire 3-D organization provides access portant laborat.ory .tOOI lln SPectros |.0W COST!
time of 275ns with a full cycle time of copy and materials investigations. $23.80 @ 100 pieces

650ns. Unit capacity is 4K x 18 to 16K x 18. Evaluation samples ave available

/ at the developmental price of $5000 FEATURES

each with 120 day delivery. Under
Ferrite Memory development are both larger and m —55°to +125°C Performance

Cores —Our

exclusive process smaller versions—the larger to de- .
gives you uniform liver more power and a wider variety m =6V to =18V operatlon
\ quality at a greatly A i i
reduced brice. of lines and the smaller to provide a ® DTL/TTL Com pat|b|e
Cores are cookie-cut from continuous Simp]e low-cost blue-green laser that
RomErGIARG: o, is more efficient than argon. m DIP or Flat Pak
i 1
Remember them [ WAVELENGHTHs POWER ® Available Now!
(Nanometers) (Miliwatts)
for Speed 460.5 2.2
e REMEMBER
and reliability. il =
And for the 484.5 2.8 monoOP-01 Fast Settling
% 497.6 6.8 op-amp is the perfect
matter of quality. 4903 6.8 companion to the AIM DAC-100
506.8 5.0
517.6 4.0 0.7 psec settling to 0.1%
522.8 7.8 Internally compensated
6305 ‘2‘2 15V/usec slew rate
552.3 ; >
v " 18nA Input Bias Current
569.8 0.4 $3.65 @ 100 pieces
586.9 0.7

DATA PRODUCTS

- . NPRECISION
(0\D 4 MONOLITHICS

OEM marketing
| INCORPORATED
] 1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050
16055 Ventura Blvd., Suite 419 TEL. (408) 246-9225  TWX 910-338-0528 + CABLE MONO
Enaino, Cailicalie'RIFES A BOURNS Affiliate
CIRCLE NO. 11
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UP-DOWN
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ENABLE
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DATA

TRANSFER

DECODER

BCD OUTPUTS

7-SEGMENT
DISPLAY

COMMON

HUGHES HAS THE BEST
DIGIT DISPLAY DRIVERS
IN THE BUSINESS

Al THE BEST PRICE
IN THE BUSINESS.

HCTR 0107 24-PIN DIP

And you save more than just
money.

Our HCTR0107 Universal
Counter Display Driver does the job
in one LS| package. Instead of the
usual three bipolar circuits.

We use only 150mw. Instead
of the usual 600mw.

And you get outstanding per-
formance. And features

Seven-segment outputs ca-
pable of-30V standoff or—=10mA

sink. EL, LX and LED compatible.
Internal storage register. Bipolar
compatibility. Up-down presettable
BCD counter.

Allinputs diode protected. BCD
outputs buffered and TTL com-
patible. Units may be cascaded. And
a — 25V rating for any input, Vg
and Vpp.

So if you've got plans to im-
prove your electronic numbers game,
write or call us at the following

numbers: Hughes Microelectronic
Products Division, 500 Superior
Avenue, Newport Beach, California
92663; (714) 548-0671. Or use the
toll-free Hughes Hot Line: (800)
854-3280.

HUGHES AIRCRAFT COMPANY

HUGHES MOS



Design Briefs

SST Demise
Accelerates
Aerospace Nosedive

AEROSPACE EMPLOYMENT

(1964-1971)
1,600 I
TOTAL
>
1,400 / o~
1,200 \
1
& 1,000 N
g l b
= PRODUCTION
@ 800| ﬂ!@ﬁ
[
g / [\\
= 50 \N
400
SCIENTISTS &
ENGINEERS
200 ,
TECHNICIANS | T
0 =

1964 1965 1966 1967 1968 1969 1970 1971F

E — ESTIMATED

SOURCE: AEROSPACE INDUSTRIES ASSOCIATION

According to Aerospace Industries
Assoc.’s semiannual employment sur-
vey, aerospace employment will drop
11.8% in the 12 months ending De-
cember, 1971. By year’s end, it is
estimated that the number of aero-
space workers will drop to 943,000
—the first time it has dropped below 1
million since such data were first re-
ported in 1959. During the 3-year
period 1969-71, the industry will have
released nearly 500,000 people, or
slightly more than one third of its
labor force. By year’s end, scientific
and engineering employment will be
151,000 compared to the 1967 peak of
235,000.

Arc Strips
Insulation
From Wires

If you're tired of stripping insulation
from wire with a jackknife, IBM has
the answer. The systems manufac-
turing division in Poughkeepsie has
pressed an electrical arc into service
as an insulation stripper. Capable of
vaporizing insulation from wires as
small as 1 mil diam, the arc also can
accommodate different gauges and
twisted or multitwisted wire.

4 CIRCLE NO. 12

Piezoceramic
Film
Advance

Instead of using conventional rotary
mechanisms, a new precision film ad-
vance employs piezoelectric devices
to move the film. Film advance ac-
curacies of 1 um are claimed for the
transport which can move film either
continuously or in discrete steps and
over a wide range of speed. Developed
for the Air Force by Teledyne Ryan
Aeronautical, the transport is under-
going tests at Wright-Patterson AFB.

Big Pot

Hughes is more than
just electronic
components and

equipment.

It's devices too.

Bipolar and hybrid circuits (RS 284)

Bucking the trend in precision po-
tentiometers to miniaturization, is a
new pot going in the other direction.
The pot shown is the largest ever
built by New England Instrument Co.
yet it is being produced with precision
normally obtainable only from lab-
oratory standard potentiometers. The
new unit is actually two potentiome-
ters in one; a sine-cosine section which
provides an output to 0.10% conformi-
ty, and a linear section providing an
output to 0.02% linearity. This par-
ticular potentiometer is slated for a
lens control system on a large aerial
reconnaisance and mapping camera.

Frequency control devices (RS 285)

Special assemblies (RS 284)

r
| |
| I
| |
| I
e e e 4
HUGHES AIRCRAFT COMPANY
INDUSTRIAL ELECTRONICS GROUP

BUILDING 100, MAIL STN. C-512
CULVER CITY, CALIFORNIA 90230

Circle appropriate
Reader Service (RS) numbers.
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[ ] vEwLETT - PACKARD

A full-function
digital multimeter

HP’s new 3469A gives you a general-
purpose digital multimeter p/us alab-
quality digital AC voltmeter—for the
price of the AC voltmeter alone. Now,
you don’t have to buy two (or more)
instruments to get the capabilities
you need —or compromise on quality
to stay within your budget.

As a general-purpose multimeter,
the 3469A gives you exceptional
capabilities. Its 1) range lets you
measure low-resistance components
and even contact resistances of a
few milliohms, with an accuracy of
+0.25% reading *=0.5% range. To
make the low range easily useable,
a unique offset adjustment lets you
compensate for lead resistance. In

18

3468A MULTIMETER

=+

...both for $595

the higher ranges (1002 to 10 MQQ),
accuracy is *+0.3% reading +0.2%
range. The 3469A also gives you five
DC voltage ranges (100 mV to 1000 V)
and six DC ampere ranges (1 nA to
100 mA), with accuracy of +=0.2%
reading =0.2% range or better, de-
pending on range.

As an AC voltmeter, the 3469A is
unmatched at any price. You get
seven voltage scales, ranging from
1000 V full-scale down to 1 mV full-
scale—100 times the sensitivity of
other digital meters. You also get a
10 MHz bandwidth capability—100
times greater thar other digital mul-
timeters—with a basic accuracy of
*+0.3% reading +0.3% range. And

CIRCLE NO. 13

({4 ] HEWLETT - PACKARD

3469A MULTIMETER

A lab-quality
digital AC voltmeter

you get a bright, ultra-reliable,
shaped-character GaAsP display,
that's easier to read than tubes or
bar-segment numerals.

Compare the 3469A’s specs with
any other meter’'s — and you’ll agree
that there’s no better value, at any
price. For further information on the
3469A, contact your local HP field
engineer, or write Hewlett-Packard,
Palo Alto, California94304.In Europe:
1217 Meyrin-Geneva, Switzerland.

091/16

PACKARD

HEWLETT hp;

DIGITAL VOLTMETERS
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MEMORIES—

MODERN-DAY *"MUSICAL CHAIRS”
PART |

Each computer system need not use all types of memories, but there
is a significant trend toward using all forms of memories to reduce
system cost for a given range of performance and application.

HARRY HOWARD, Technical Editor

One of the difficulties with memories is the prolifera-
tion of potential technologies. Each technology is com-
petitive with the others and with the old. Each requires

a large investment in materials, processes and struc-

tures. And each has an impact on the organization of

software and hardware

Each factor increases the risk that a new technology
will become obsolete before its innovation is complete.
We have seen too many costly innovations land on the
shelf—or that had only a limited range and time of use.
Today, there are more opportunities to lose your shirt
on, than on which you can make a killing. These feel-
ings were expressed by Jack A. Morton, vice president
of Electronics Technology at Bell Telephone Labora-
tories, in a keynote speech presented at the Interna-
tional Magnetics Conference in April.

From all appearances, the 1970s are going to be
eventful years for a new industry — plug-to-plug com-
patible peripherals. With IBM-compatible disc pack
memories, product differentiation is primarily price

and product line support. For the non-IBM-compatible
systems, anything goes. Techniques, parameters and
prices become bewildering because of the range of cus-
tomer requirements. Apparently, it is quite difficult for
a customer to weigh his real needs, choose and know
that he has selected the right memory for his specific
needs.

Computer architecture, of course, shifts to take
advantage of peripheral changes that improve price/
performance characteristics of the system. Irving L.
Wieselman, vice president of Product Programs, Data
Products Corp., explains that an interesting phenome-
non called “perpetual improvement” results from the
impact of peripherals on each other. As new periph-
erals are developed, they do not replace the old, be-
cause in the same time span, the old ones are improved.
Thus instead of new peripherals obsoleting the old, we
see a “perpetual improvement” in which the whole
technological front seems to move forward. Conse-
quently, a designer’s expectation of a market displace-

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L61

(Continued)
W = S = = ]
|
YEAR 1965|1966 | 1967 | 1968 | 1969/1970 1971 1972 | 1973 | 1974
Computer Industry
Core 3.76 8.25 16.72 30.72 44.45 | 68.45 |108.58 156.79 218.37 217.17
Plated Wire .009 .021 .035 134 .802 | 2.77 4.03 5.17 5.13 3.51
MOS — i = — .075 639 | 2.05 4.71 9.91 21.4
BiPolar .012 .016 019 | .03 .093 212 .439 .825 1.71 3.14
Sub-Total 3.781 | 8.287 16.774 30.890 45.420 | 72.071 [115.099 | 167.495 | 235.12 299.22
Communications Industry
| Core — — — — 47 .81 1.22 2.0 3.97 6.57
I Defense Industry
Core 376 .825 1.67 3.12 3.12 312 3.12 3.12 3.12 3.12
Plated Wire .001 | .002 | .004 .013 gy o7l 1up 1.83 3.37 _6.19
_ Sub-Total 37171 | 827 1674 | 3.133 3.20 3.397 | 4.4 495 | 6.49 _ 931
‘ Grand Total Bits 4.16 9.11 18.45 34.02 4910 | 76.28 |210.46 714.45 245.58 315.10
| Total Bits-Subdivided by
Technology (Billions)
Core 4.14 9.07 18.39 33.84 48.05 | 72.37 |112.92 161.91 225.46 280.85
Plated Wire .009 .023 .039 .148 .882 | 3.04 5.05 7.00 8.50 9.7
MOS —_ —_— — _ .075 639 | 2.05 4.7 9.91 21.4
BiPolar .012 .016 .019 .036 .093 212 .439 .825 1.71 3.14
This chart reflects worldwide accumulative bit usage from 1965 to 1970 with a forecast for 1974. (Signetics Corp.)

(Continued)
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Memories (Cont’'d)

ment with a new unit turns out instead to be a market
modification.

Scene of Action

Memory technology has become a perplexity of chips,
devices and subsystems. Somehow, these pieces must
fit together to yield a desired performance at an accept-
able cost. Looking ahead, Rolland Smith, manager of
Marketing Research for Signetics Corp., forecasts that
the memory market will grow from 27.1 billion bits in
1970 to 69.5 billion bits in 1974. Revenue from this
market will be $813 million in 1970 and $1.598 billion
in 1975, including in-house producers. The semicon-
ductor market portion is expected to grow from 684
million bits in 1970 to 12.9 billion bits by 1974, with
revenue growth from $25.2 to $331.6 million for open
market producers.

In rotating memories (disc and drum), cost/bit runs
0.5 to 0.0002 cents/bit, assuming a capacity range of
107 to 10° bits. These memories are relatively slow
(10-msec cycle time for the fastest) and they normally
function as on-line support for the main frame memory.

Since IBM controls about 70% of the disc market, most
of the activity is slanted toward plug-to-plug replace-
ments for the Model 2311 (50 tracks/inch, 1100 bpi),
Model 2314 (100 tracks/inch, 2200 bpi) and Model 3330

(200 tracks/inch, 4400 bpi).

Large main frame processors and extended-core sys-
tems account for approximately 94% of the memory re-
quirements for cores. According to John Guyett, di-
rector of marketing for Core Memories, Inc., there
were approximately 50 billion cores produced in 1970;
3 billion are used in minicomputers. The present core
prices of $1.50/1000 will soon approach $1.00/1000.

Mr. Guyett feels that the 2D organization looks best
from a price/performance viewpoint in the OEM mar-
ket because of the consistent lowering of prices for
semiconductor circuits. By using a 2D organization
with 200-nsec access and 500-nsec cycle times, a selling
price of 0.75 cent/bit exists for production quantities.
Memory modules may be as small as 8 by 10 by 2
inches for a 4k-word, 18-bit system. Performance is in
the area of 750-nsec cycle time with typical costs in the
area of 1.5 cents/bit for the total modular package.

For the end user, Mr. Guyett points out that the
recent rash of offerings by independents to supply plug-
compatible memory systems has not been limited to
“peripheral storage”. Without the overhead of soft-
ware and systems architecture to soften the punch,
memory suppliers are providing each other with com-
petition in the largest field of add-on-memory, namely
IBM System/360.

Presently plated wire finds two areas of application:
military and control systems. In mainframe applica-
tion, Univac still uses plated wire even though this
application appears to be falling by the wayside.

Dr. Jerome S. Sallo, manager of the Magnetic Thin-
Film Memory Devices Dept., Lockheed Electronics,
notes that Japan and England are major users of plated
wire in main frame application. All of their new com-
puters contain plated-wire memories. Cutbacks in re-
search and development by many companies in this
area have not helped this technology.

Bob Fillingham, president of Nemonic Data Sys-
tems, Inc., points out one of the biggest computer prob-
lems of the 70s —brownouts and blackouts. Every year,
these phenomena are causing total confusion with
computers, numerical controls and process controls.
Companies are running huge amounts of machinery
under computer control and are processing volumes of
data that they cannot afford to lose. All face the prob-
lem of power interruption. Plated wire exhibits a very
important property that makes it ideal for these situa-
tions —true nonvolatility. This natural ability to retain
information also makes these memories ideal con-
tenders in the mass storage department. With mini-
wire (2- to 3-mil diam), there is the potential of re-
duced size with increased capacity. Even though the
cost/foot may be higher, the cost/bit will be lower be-
cause twice as many bits/foot will be available once in
production.

Two to 3 years ago, the use of semiconductor mem-
ories was projected to be 5 to 6 years off. However, the

L U
Ctoeoey

In the Century Data Model 215 disc drive, an electromagnetic
servo-controlled positioner moves the carriage to position
the recording heads on a selected cylinder. A fixed trans-
ducer is mounted above and below a precision optical scale
that is attached to the carriage. The optical scale has dark
and light areas in its opaque emulsion covering. Light areas
correspond to the cylinder position. As the positioner moves
the optical scale through the transducer, the light areas on
the transducer align with the areas on the optical scale.
Photo diodes in the transducer sense light passing through
the etches and produce a pulse. This pulse is applied to the
drive logic that determines when the heads are in proper
position over the selected cylinder. (Century Data Systems)
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cost of interface electronics put economic restraints on
magnetic to IC logic systems. Consequently, semicon-
ductor memories are fast becoming the workhorse of
the computer industry.

A strong trend is developing for the use of read-only
memories (ROMs) as microprogramming circuits, now
dominated by cores. Mr. Smith of Signetics predicts
this to be a $127-million market. The random-access
market, comprised of both read/write and dynamic
serial memories, is forecasted to be $204 million by
1975. The MOS market will grow from $18.4 to $25.7
million and bipolar from $6.8 to $74.6 million by 1975.
Bipolar or MOS? Dynamic or static? Hybrid or mono-
lithic? These decisions face the designer considering
semiconductors for storage.

Reese Brown, manager of Semiconductor Engineer-
ing, Electronic Memory Systems Div. of Burroughs
Corp., explains that for memories requiring <150 nsec
access time, bipolar is the choice. For >250 nsec, MOS
is the obvious selection. In the region of 150 to 250
nsec, either bipolar or hybrid can be considered. There
are indications, however, that bipolars are becoming
both competitive and practical for slower and larger
systems because manufacturers are finding out how to
make 1024-bit memories. Several companies are de-
voting their attention to newer processes that are
making bipolar competitive with MOS. Mr. Brown con-
tinued by saying that core and wire are now the only
way to achieve mass storage. The dynamic devices ap-
pear to be the obvious answer for mass semiconductor
storage. But dynamic devices require standby power
and refresh cycles. If there was an efficient way to use
static devices, the refresh problem would be solved.
Of course the big problem is still retention or volatility.
When power drops, who can afford to lose the informa-
tion within the mass storage system?

Organizational Categories

Three characteristics define the status level of a tech-
nology within the memory system hierarchy—size,
Access times range from a few
nanoseconds to seconds, capacities are from a few bits
to trillions of bits, and recently there has been con-
cern about volatility —loss of memory is acceptable for
small size memories, unacceptable for bulk storage.

Magnetic technology dominates the computer stor-
age because of the broad range of applications—from
bulk to mainframe. To understand the considerations
involved in the hierarchy of memories, definitions of
uses and types should be reviewed:

MAINFRAME —Its function is to hold data that
either awaits processing or that has just been pro-
cessed. Because speed is critical, today’s processing
systems, designed around IC technology, use a popular
scheme labeled “Cache”.

CACHE — A high-speed buffer storage placed be-

speed and volatility

g ¥

“Roll cut” technique produce 18-mil (0.D.) cores with uni-
form electrical characteristics, simplifies tooling and permits
recycling of waste material. (Core Memories Inc.)

tween the mainframe memory and the processing unit.
Cache is used when a large number of accesses are
made to one area of memory and then a large number
of accesses are performed in another portion. A block
of information from the first region accessed in main-
frame memory is transferred into the Cache. Conse-
quently, successive accesses to locations within the
same portion will not require access to the mainframe
but need only to go to the Cache storage with its short-
er access time. When access to another portion of the
mainframe memory is required, Cache is updated with
this new block of information.

BULK STORAGE — Referred to as “secondary stor-
age”, bulk storage retains large quantities of three
types of data: unprocessed input information, pro-
cessed output information and information for long
term storage. Often, bulk storage is referred to as
either “on-line” or “off-line” storage. Popular devices
include discs, drums and tapes.

VIRTUAL MEMORY — Incorporating mainframe
meory, auxiliary or backup storage and software, a
large extended memory is created that is capable of
handling sequential segments of many programs si-
multaneously. With the virtual memory, program data
is segmented in blocks called “pages”. The pages are

(Continued)
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Memories (Cont'd)

stored in the backup storage—usually a high-speed
drum system. Using a paging technique (controlled by
software), pages are rapidly swapped between the
mainframe storage and the backup storage until a job
is completed. Each time space is available in the
mainframe, a waiting page is entered immediately.
From the programmer’s point of view, a virtual mem-
ory releases him from complex memory management.

CONTROL MEMORY —A number of processors
operate under control of “microprogramming”. Micro-
programming controls individual gates and logic blocks
by means of very rudimentary hardware-oriented in-
structions. The memory is either a non-alterable
read-only memory (ROM) or a high-speed control mem-
ory which could be part of the computer main memory.
Thus, the control storage is usually a ROM.

LOCAL STORAGE —External device operations
(card readers, printers, communication equipment) re-
quire control information only for local functions and
storage. Transfer of data to and from a subsystem may
require buffering so that access to the mainframe
occurs only when full memory width is available. Also
local storage is used in performing a “bootstrap” or
restart operation in case of a malfunction or error. The
processor is restored under control of the local storage
to its earlier state, and can repeat the operation in
progress when the malfunction occurred.

REGISTERS — Another means of avoiding system
degradation resulting from a slow mainframe memory
is the use of registers. These registers are high-speed
and have relatively small storage capacity (32 to 64
bits/register). Frequently accessed information is
placed in these registers, thus avoiding continuous
accessing of the mainframe memory. Also, they can
be used to temporarily store hold addresses, instruc-
tions and control information.

Large Storage in Demand

Technology used for peripheral equipment depends
on performance characteristics, time of the original de-
sign and the design approach. Grant Savier, manager
of Mass Storage Development, Digital Equipment
Corp., segregates the mass memory devices in terms of
access times that range from 1 usec to seconds. At the
1-usec point, magnetic cores dominate. Domain de-
vices, bubbles and semiconductor devices such as
charge-coupled, bucket brigade technology and shift
registers may invade the 1-usec to 1-msec reéion. Ro-
tating media operate from 1 to 500 msec.

Consider first the rotating media. Primary perfor-
mance factors are access time, transfer rate and
total capacity/device. There are three basic designs,
each with different performance characteristics. These
are fixed-head, fixed-media; movable-head, removable-
media; and movable-head, fixed-media. Minimum ‘ac-
cess time is achieved with the fixed-head, fixed-media

Using paper tape input for describing ROM content, the weav-
ing machine generates wire braids that are placed into a set
of U-cores and capped with I-bars. (Memory Technology)

systems, since no time is required for moving the heads
to the desired track. Minimum off-line cost/bit is at-
tained with the movable-head, removable-media, be-
cause disc packs are low cost units. Movable-head,
fixed-media system achieves minimum on-line cost/bit.

The storage capacity of a disc is the product of the
Mov-
able head systems use at least two orders of magnitude
fewer magnetic read/write heads than the fixed-head
systems —the positioner moves the heads to the track
rather than requiring one head/track. For an equiva-
lent number of tracks, a positioner and its heads are
less costly than an equivalent number of heads. There-
fore, a fixed-head system with one-third the access
time of a movable head system costs about three times
as much per bit.

Irving L. Wieselman of Data Products Corp, indi-
cates that the user price/bit for movable-head rotating
memories is between 0.005 and 0.15 cent/bit. Future
systems will reduce the price by maximizing bit and
track density through the use of more effective com-
ponents, and not by increasing their number.

Mr. Wieselman continues with a description of the
trend of movable-head systems. A limiting factor in
track density is the minimum width track that can be
read. This factor is a function of the magnetic proper-
ties of the disc, the flying height of the head and the
manufacturing tolerances. On a movable-head, the
next most important factor is the positioning accuracy
of the head relative to the track. Track spacing must
be equal to the minimum width read track, plus three
to five times the total head positioning tolerance.

Today’s movable-head systems use tracks of 3.5 to
5 x 107% inches. Head positioning accuracies are
within 0.5 to 1.5 X 10~ inches for most types of posi-

number of bits/track and the number of tracks
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tioners and down to 0.05 X 10~ inches for positioners
that servo on disc tracks. Track densities vary from
100 to 200 tracks/inch. Within the next 5 years, prac-
tical systems will have minimum read-track width of
1.5to 3 x 1072 inches. With additional improvement of
positioning capabilities, track densities should range
from 300 to 500 tracks/inch.

Bit densities in today’s movable-head systems range
from 1500 to 4400 bits/inch. Flying the heads lower
and using a more uniform magnetic material should
increase the bit densities by a factor of two. A more
effective coding scheme could also increase the bit
densities by another factor of two. Since these densities
are achieved by improvement of component technology,
the cost for components should not increase more than
25% —decreasing the cost/bit by a factor of three to
eight times in the movable-head systems.

Data Products’ System/7000 uses a movable-head
fixed disc approach. It is organized so that it is com-
patible with either the IBM 360 or the Univac 418,
490 or 1100 series. The unit is a direct replacement
without software changes for two Univac Fastrand II's
and has approximately 1/2 the latency and double the
transfer rate in one-half the floor space.

Disc storage, pioneered by IBM, has become a widely
used concept for storage requirements that are not
economically feasible for mainframe storage. Remov-
able disc packs provide the user with an unlimited
amount of data and programs in addition to the flexi-
bility of selecting the desired units for on-line opera-
tion. Recently, IBM announced the 3330 disc system
which triples the storage capacity and halves the ac-
cess time of the popular 2314.

The 3330 system consists of a control and one to
four dual disc modules, each with 200-million-byte ca-
pacities. Each module contains two independent disc
drives. The 3330 uses a 3336 disc pack, each with 100-

An 18-head twin-pad, plug-in unit is an integral part of the
DISC*CELL head/track disc file system. (Dataflux Corp.)

million-byte capacity. These packs contain 12 discs
with 20 recording surfaces—19 used to store data,
with the 20th used for timing.

Another unit developed for the System/360 Models
85 and 195 is the 2305, a fixed-head system. Two mod-
els are available and they can share a single control
unit, effectively allowing very high-speed access to
10.8 to 22.4 million bytes. Data is stored on six non-
fixed discs while the read/write heads are fixed in po-
sition to access each track on the drive’s 12 recording
surfaces. Both the 3330 and the 2305 have perfor-
mance features that permit them to take advantage of
block multiplexing. Among them are:

—rotational position sensing that disconnects the
drive from the channel during most of the rotational
latency period;

—multiple requesting that permits many channel pro-
grams to operate simultaneously within a 3330 or
2305.

Century Data Systems, Inc. recently introduced a
two-drawer unit, Model CDS 215. William Sewalk,
vice president of Marketing, describes this unit as a
logical technical progression following the Model
CDS 114 (Century Data’s plug-to-plug replacement for
the IBM 2314) in that the Model 215 uses 200 track-
per-inch technology. The operational characteristics
are the same as the 114, but it has twice the storage
—116 megabytes (8 bits/byte). To increase the access
time and provide better control in positioning the
head, a voice coil actuator with an optical positioning
scheme is used.

At the Spring Joint Computer Conference in May,
Century Data introduced an equivalent to the IBM
3330. Designated Model CDS 230, the unit consists of
two separate and independent disc drives and incor-
porates the 192 track/inch technology at 4040 bits/
inch. Consequently, the total on-line capacity is 100
million bytes/drive or 200 million bytes/unit. The
Model 230 can be configured in a system with 2, 4, 6 or
8 spindles providing up to 800 million bytes total ca-
pacity. According to Mr. Sewalk, Century Data is now
directing their attention toward the development of
units exceeding 200 track/inch and 4000 bit/inch
capability.

Potter Instrument Co., Inc., offers two plug-to-plug
units—D 4311 and DD 4314. Totally compatible with
the System/360, the DD 4311 replaces the IBM 2311
disc drive, plugs directly into the IBM 2841 storage
control unit and uses the IBM 1316 disc pack. Storage
capacity is 7.25 million bytes. The DD 4314 has a
storage capacity of 29 million bytes and uses an 11-
high disc pack, IBM 2316 or equivalent. A direct con-
nection with the IBM System/360 requires Potter’s
DC 5314 controller. »

Memorex offers three disc drives that are IBM-
compatible—660, 630 and 620. With the 660, a 29-

(Continued)
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million-byte unit, data is interchangeable with the
2314 or 3600 systems using Memorex Mark VI, IBM
2316 or equivalent pack. In a similar manner, the 630
(7.25 million bytes) and the 620 (5.4 million bytes) are
interchangeable with the 2311 drives using Mark I,
IBM 1316 or equivalent packs. The 660 controller,
Memorex 661, has a fast ROM for resident micropro-
gramming, on-line diagnostics and recycles automati-
cally on a ROM read error.

Control Data’s mass storage subsystem consists of up
to eight disc units, Model 844-2, with a single or dual
7054 or 7654 controller. A track-packing technique
yields 4000 bits/inch coupled with 200 tracks/inch
—total capacity of 708 million bits/drive. With the
disc rotating at 3600 rpm, the average latency time is
8.3 msec and the average positioning time is 30 msec.

At Spring Joint Computer Conference, Caelus Mem-
ories Inc. announced a series of single and dual spindle
configurations with 1025 to 2200 bit/inch packing
densities and the drives offering 11, 22 or 44 million
bits of storage. Two models, CD-11 (single drive) and
CDD-22 (dual drive) are compatible with IBM’s 2310
data transfer rate. The 2200-bit/inch models are the
CD-22 (single drive) and the CDD-44 (dual drive). All
units use an electroservo scheme for precise head posi-
tion control. Caelus Memories is in the process of
developing discs for packs with typical performance
attributes of 200 tracks/inch nominal and a transfer
rate of 6.5 million bps. Bit density is aimed at 4040 bpi
with 404 tracks/surface, plus seven spares. This disc is
comparable to the IBM 3336.

More Bits Per Size

In 1969, Singer/Librascope initiated an evolution of
mini discs with the introduction of a 9- by 6-inch unit
that stores 20,000 bits/track on 25 tracks. In 1970, they
had four models (500k, 750k, 1M and 1.5 megabits) in
a 9- by 6-inch package. Then they upped the density to
40,000 bits/track, yielding 4 megabits at 3600 rpm.
With still another breakthrough, they went to 70,000
bits/track, 1800 rpm. This 12-1b unit, still 9 by 6 inches,
is called the L107A and has 7 million bits of storage
with an average access time of 17 msec.

This same memory, L107A, provides 4 million bits
of storage at an 8.5-msec average access time. The
memory uses double frequency phase modulation re-
cording which is inherently more reliable than non-
return-to-zero (NRZ). There are no mechanical adjust-
ments or shims and a single set of duplex angular con-
tact bearings is used to increase the mean-time-
between-failures. One or two disc surfaces are used for
recording. Ferrite cores mounted in coined flying pads
are used to magnetize the disc surface. According to
Robert D. Fuchiek, product manager for Librascope,
their next venture in small capacity files will be 20
million bits.

Data Disc offers two fixed-head, parallel disc mem-
ory systems. A popular application is digital TV re-
fresh. The 5200 and 5250 Series operate with 12-inch
discs containing 72 tracks with up to 100k bits/track.
The tracks may be recorded or read separately or in
parallel at rates ranging from 3 to 216 million bps. In
1969, the 5200 unit was used to store TV data sent
back from Mariner 6 and 7. Also Data Disc produces
the 7200 series—head-per-track units for minicom-
puters. The smallest unit provides 800k bits of storage,
the largest 17-million bits. They occupy only 8.75
inches of rack space (2 million bits/inch of rack space
for the largest unit.

For the OEMs, system houses and end users, Hew-
lett-Packard offers the Model 7900A. This unit can
access on-line data base of 5 million, 8-bit bytes with
an average response time of 50 msec. The 7900A uses a
single fixed-disc and an interchangeable 2315 car-
tridge. The unit has four moveable heads, controlled
by a photo-optical system.

Basing their design for the Series 6000 Disc Mem-
ory on the minicomputer industry, Magnafile, Inc.
developed a single-disc, head-per-track unit that has
2.4 to 9.6 million bits of capacity at 17.4-msec average
access. Also, their controller, Series 100, drives up to
four disc systems and interfaces with any convention-
ally-organized 16-bit processor’s I/O bus.

Information Storage Systems, Inc. uses a data or-
ganization in their 724 System that allows 92,000
individually addressed 256-byte records to be written
on a single 2316 disc pack. This is equivalent to 23.5
million bytes or 188 million bits of usable data storage.
Average access time is 32 msec.

For the “Nova” line of minicomputers, Data General

A 2-wire, 2-1/2D core memory, designated MEGAMEMORY
1000, stores up to 524,288 words, 8 to 14 bits/word. Access
time is 850 nsec, cycle time 1.5 usec. (E/lectronic Memories)
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Corp. offers a 2311-type moving-head disc system.
These units operate at 2400 rpm, giving an average
latency time of 12.5 msec. The disc store 16-bit words
in blocks of 256 words each, and are available with a
capacity of 3.072 million words.

Digital Equipment Corp. offers a fixed-head design,
RC11, that has the heads floating 50 to 60 winches
above the disc surface. Disc coating is made of nickel,
cobalt and a proprietary protective coating. This unit
operates in conjunction with the PDP 11 computer and
has a capacity of 128k bytes.

Disc Packs

Three types of IBM-compatible disc packs are avail-
able: single disc cartridge, 6-high (6 discs per stack)
and 11-high. Donald Decof, marketing manager for
Computer Products at BASF Systems, Inc., explains
that the first successful third-generation drive was the
IBM 2311—using a 6-high disc pack. However, the
IBM 2314 (11-high unit) is quickly replacing the 2311.
The national average is about 5.2 packs/spindle or
drive. The Compatibie disc pack offered by BASF for
the 2314 is the Model 1100.

The average distance between the head and the disc
surface is 70 pinches, notes Mr. Decof. The IBM stan-
dards call for 90 pinches for a flying-head operation
but BASF test their units at 40 pinches. All packs are
dynamically balanced by the addition of weights
—similar to balancing an automobile wheel. Surface
coating is applied by either a spinning or spray tech-
nique. The disadvantage of the spray approach is the
produces. Because of
density variation, the inside coating (toward the center)
should be thinner than at the outside.

In making a disc, there are about 64 inspection steps
performed for each disc. Disc price is approximately
1 x 10-° dollars/bit or $1/megabit.

Recently Dataflux Corp. introduced a head-per-
track memory device designated DISC*CELL. To at-
tain the advantages in terms of price, reliability and
performance indices compared to other disc packs,
according to Sung Pal Chur, president of Dataflux, is
that their read/write head manufacturing and assem-
bly methods employ batch processes. Consequently,
Dataflux is able to offer 12.8 megabits of on-line stor-
age (DISC*CELL and a twin carrier) for 0.046 cent/bit
with a projected cost of 0.025 cent/bit within the next
four years.

Diablo Systems Inc. offers Model 31 with different
transfer rates—781, 720, 1562 and 1440 kHz. The
781-kHz rate is generally associated with the 1100 cpi
disc pack and the 720 kHz is compatible with the IBM
2310 drives using IBM 2315 disc cartridge at 1020 bpi.
An electronic servo scheme controls the precise posi-
tioning of two read/write heads. Once in position, the
same servo circuitry holds the heads over the track. A

en dispersion of coating it

Moveable head position modules of System/7000 Large Disc
Store in a retracted position show arrangement of heads.
(Data Products Corp.)

dc motor drives the spindle whose rotational speed is
under control of a crystal oscillator to within + 1 per-
cent of 1500 rpm.

For the mini/midi computers, Datum Inc. has a fam-
ily of drum memories, Series 88, that use military-type
read/write heads, restricted to one degree of mechan-
ical freedom. Storage capacities range from 132k bits
to 6.4 megabits. All drums are nickel-cobalt plated and
feature head-per-track, flying head design.

Ye Olde Standby

Cores have experienced many changes but still re-
main the leaders. Richard Dadamo, president of Elec-
tronic Memories & Magnetics Corp., emphasized the
fact that core manufacturers have years of experience
to rely on when encountering their competition. For
example, the evolution of core material went from mag-
nesium manganese to lithium-ferrite to lithium nickel,
acheiving both speed and increased range of operating
temperatures. Military systems for severe environ-
ment specifications are now available to cycle times
below 1 usec. Drive currents vary from 400 to 900 mA.
The high currents are used in 500 nsec or faster mem-
ories, 400 mA in 1 usec or slower. Cores now available
in the 400 mA region permit MSI compatibility with
drive circuits. Planar packaging techniques have re-
duced manufacturing costs significantly, and tighter
packaging allows higher speed operation with proven
cores and circuitry. To answer another challenge,
Electronic Memories recently introduced their non-
destructive readout memory using a core as the ele-
ment.

At Honeywell, Dana Moore, manager for Memory
Products Engineering also emphasized the impact of
ICs on packaging core memories at lower cost. Mr.
Moore described their modular packaging approach
which takes advantage of high density 3D-3W core
arrays and IC selection circuitry. He pointed out how

(Continued)
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this approach is now superior to earlier 2-1/2D imple-
mentation of large mainframe memories. The perfor-
mance and reliability are equivalent, cost is lower,
serviceability is better and this packaging approach
when used for magnetic memory is suitable for MOS
memory as well. A change in technology can now be
made by merely replacing a core module with a semi-
conductor equivalent or the reverse in the event the
core design is to serve as an alternative to semicon-
ductor memory.

In 1969, Cambridge Memories Inc. introduced their
domain concept, labeled DOT. Richard Egan, vice
president of Marketing explains that this concept is
ideal for plug-compatible memories because they are
static, nonrotating and have no latency time. How-
ever, all new technologies require time for develop-
ment and acceptance within the equipment. Thus,
Cambridge Memories’ present market is plug-to-plug
core memories. Mr. Egan describes three markets:

— A market for extending the life of the IBM ma-
chines on lease. The introduction of the IBM 370 with
larger storage capability caused companies to termi-
nate their 360 leases and buy 370s. One way to prevent
this mass termination was to increase the memories.
As a result, a market for plug-to-plug and extended-
core memories developed.

— A market for people who bought the IBM 360
and require more memory, but cannot afford a
370. Again, core-extended memories are available
with lower price tags than a new system.

— A market for people renting from IBM who find
that they can return their memory units according
to terms and obtain a unit for less money from the
plug-to-plug manufacturers. This market includes ap-
proximately 12,000 Model 30, 5000 Model 40, and 2000
Model 60 units. The Model 30 can have up to 64k bytes,
Model 40, 256k bytes, and Model 50, 512k bytes.

Cambridge Memories displayed the 360/CORE sys-
tem at the Spring Joint Computer Conference. Initial
models are plug-compatible with IBM System/360,
Models 30, 40 and 50. The memory is expandable in
small modules from 8192 to 524,000 bytes. Design fea-
tures include 3-wire planar array, 8k bytes/board, no
internal adjustments and integrated circuits used
throughout the control circuitry.

Ampex Corp.’s recent entries are Model ARM-30 and
Model ARM-2365. The ARM-30, replacement for the
360/30 mainframe core storage, offers capabilities of
16,384, 32,768 and 49,125 bytes. Up to four ARM-2365
modules (1,048,576 bytes) may be used with the IBM
360/65 or /67 and up to eight (2,097,152 bytes), with
the 260/75.

According to Ralph Gabai, marketing manager for
Data Storage Products, Lockheed Electronics offer
both OEM and end-user products. The OEM product is
a unit containing only the memory stack with required

electronics. Memory families falling in this category in-
clude the CE-100 and the CB-65. The end-user product
is an OEM unit with required interface circuits. For
example, the MPM-100 is a plug-to-plug system for the
PDP-10 computer, based on the CE-100 memory family.
The MM-365 system, comprised of the CB-65 with IBM
2365 interfacing circuits, operates with the IBM 360/
65 system. :

Core Memories Inc., a subsidiary of Data Products,
uses a patented “roll cut” technique. Bill Rumble, En-
gineering Department manager, points out that this
approach not only reduces core costs by 50 percent, but
produces cores with uniform electrical characteristics,
simplifies tooling, and allows any waste material to be
recycled. Using this technique, Core Memories manu-
factures cores for their System/6000 Large Core Store,
compatible with the 360 system. Even though the sys-
tem is plug, timing and software compatible with the
2361, the cycle time is 2 usec.

Specialties of several manufacturers are in-house
design and application—Di/An Controls, Inc. is such a
company. They build miniature core memories for
special purpose and extreme environmental applica-
tions. Their Model 6085 is a serial access memory used
in telemetry buffering and program data storage. An-
other unit offered by Di/An is the Model E-1599 ran-
dom access memory for aerospace programs.

Until recently, Litton Systems, Inc. (Guidance and
Control Systems Div.) specialized in core memory sys-
tems for military and space application. They develop-
ed systems such as the CORX random-access, read-
only memory, the SCM sequential access unit and the
CORCT general purpose 2-usec random-access mem-
ory. For high-performance multiprocessors, Litton
offers the LCM 800, a 16k 1-usec multiported memory
system. The advent of computer-aided design led to the
development and production of a modular memory
card, LCM-5000, and the multilayer laminate LCM-
6000 series (4k x 32-bit system, operating at 1 to 2
usec). R. V. Nino, marketing manager for Memory
Products and Technology, feels that the trend is to-
ward customer purchase of complete memory systems
even though they are designing and building their own
processors. According to Mr. Nino, this approach gives
the user the benefit of a mature design that has already
solved the power stability, thermal and structural
problems he would surely encounter.

ROMs Made With Cores

Microprogramming has introduced another need for
ROMs. Many types of ROMs are available but the ad-
vantages of cores include simple construction, large
output signals, low cost and easy alterability of the
stored information. Either a closed, toroidal ferrite core
or open cores comprised of two matched ferrite ele-
ments are used for these ROMs. However, the closed
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core has the disadvantage in threading.

Jozef Furst, director of Advanced Development at
DataPac, Inc., explains two principal methods, using
the open ferrite core. U-shaped ferrite elements are
mounted in rows with I-bars positioned across the
open end of the U-core to close the flux path as well as
providing easy accessibility for wiring and alteration.
Sense windings are wound on either the I-bar or one
leg of the basic U-core. Word lines, enameled copper
wires, are routed through the rows of cores, going
through the center for a “1”, around for a “0”. The
second method, developed by IBM and employed in the
360/40 computer, uses flexible Mylar tapes incorporat-
ing two ladder-shaped conductor paths. DataPac’s de-
signs are TTL/ECL compatible and they permit over
100k bits to be mounted on a standard 13- by 11-inch
board. Other characteristics include 200-nsec cycle
time, 725-nsec access time and 50 uW/bit power dissi-
pation. DataPac also offers a portable automatic re-
braiding machine so that customers can perform field
alterations.

Memory Technology offers 72-hour service for their
SBS (small braided system) and MSBS (multiple small
braided system). According to Paul Rosenbaum, vice
president of Marketing, the only requirement is a
paper tape to describe the memory content. Under con-
trol of this tape, primary wires are woven automati-
cally and separately from the cores. Then the braid is
placed into the U-cores and capped with the I-bar. For
the 72-hour service, the primary wires are potted and
then slipped down over the U-cores mounted on the
customer’s printed-circuit board. A recent product
introduced by Memory Technology is the NANOROM
90, with 190-nsec cycle time and 90-nsec access time.

QUADRI Corp. uses another approach—the “Q
Core” system. John Bruder, manager of Advanced
Product Development, describes the “Q Core” as being
composed of ferrite rods with sense coils wound cir-
cumferentially around the rods. According to Mr.
Bruder, this approach withstands mechanical shock
better than the U-core and offers a wider operating
temperature range. A 13- by 11-inch card holds up to

Users can easily alter memory contents of ROMs built with
U-cores. With “I'" bar removed, hand wiring is simple and
quick.

100k bits with a cycle time of 200 nsec.

Donald McNabb, president of QUADRI, described a
new product, an optical ROM that is based on fiber
optic technology. The unit, designated Model 401-22,
offers up to 160k bits of storage on an 11- by 13-inch
printed-circuit board. It is TTL-compatible and can
be wired-OR to any desired capacity. Access time is 150
nsec standard with lower access times available on
request.

Plated Wire — A Sleeping Giant

Production lines and noisy environments require
true nonvolatility. Responding to this challenge, Mem-
ory Systems Inc. developed the MiniRam, a 128-word
by 10-bit memory mounted on an 8- by 10-inch board.
According to Bruce Kaufman, president of Memory
Systems Inc., an important point for plated-wire tech-
nology is to demonstrate that it is available, that the
prices are competitive and that the stuff works. Mr.
Kaufman emphasized the fact that one of the things
that has made costs drop in this technology is the inte-
grated circuits used in the “overhead” or control cir-
cuits. Because of the ICs, the price tag for the MiniRam
is $200.

Memory Systems Inc. also offers a series of electri-
cally-alterable ROMs called “OmniROMs”. The Omni-
ROM may be used for developing new firmware sets
as a dynamic device integrated within the computer
mainframe. An adapter card is inserted into the host
computer and to provide the required interface be-
tween the units. Presently, the OmniROM is used with
the Micro 800 Series, Interdata Model 2, 3, 4 and Data
General’s NOVA and SuperNOVA.

Carlos Chong, vice president of Engineering at
Nemonic Data Systems, Inc., explains why they are
seriously considering mini wire for commercial appli-
cation. Presently, the major user of mini wire (pro-
duced by Honeywell) is the military and they are pack-
ing 100 wires/inch. Considering packing density along
the length of the wire, 33 bits/inch is attained, thus
yielding a total packing density of 3300 bits/inch?.
Presently, 800 bits/inch? is being achieved with 5-mil
wire. For an equivalent number of bits, the stack is re-
duced 25% in size using 2-mil wire. The cost to make
the first square inch has doubled but the total cost/bit
decreases 50%/stack.

Nemonics data system is at present selling 4k by 16
and 16k by 36-bit memories at $0.3/bit and $0.015/bit
respectively. With the high speed and NDRO capability
these memories are priced/performance competive with
either core or semiconductors. With the miniwire,
plated wire will be even more competitive. The role
of the semiconductor and their application will be
discussed in the August 15th issue of EDN/EEE,
“Memories — Modern-Day Musical Chairs”, Part I[I. &=
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OPTICAL READ-ONLY MEMORIES

Fig. 1 —Diagrams illustrate operational theory for an
optical ROM. (Optical Memory Systems)
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Many potential advantages of optical technique have
spurred the quest for a practical approach to an optical
[ ROM. Photographic materials with high resolution prom-
ise extremely dense data packing. Lasers and holographs
offer densities in the millions of bits per square inch.
Absence of capacitive and inductive storage elements
can mean extremely high speeds. Recently, Optical
Memory Systems and QUADRI Corp. introduced optical
ROMs, each using a different approach.

Optical Memory Systems ROM, the OM-1000, uses
lenses and has a total capacity of 147,456 bits within
0.28 cubic feet. The ROM has <70-nsec fully decoded
access time, and is field alterable—remove a photo-
graphic plate containing data and replace it with
another.

A simplified diagram of the cross section of the mem-
ory is shown in Fig. 1. Light-emitting diodes (LEDs) are
electrically arranged in a 32 x 32 matrix for a 1024-bit
array. Light sources are selectively energized, transmit-
ting light through the photographic mask and providing
a bit pattern sensed by reverse biased PIN diodes.

(C) LENS CONFIG

JRATION Visualize th
grouf ' 5

lide proje
nsor plane). Data
ro data pattern) for each projection system.

mory as a
h LED) with

SENSOR PLANE

DATA MASK
RELAY LENS

SOURCE PLANE

CONDENSER LENS'
COMBINING LENS

FIELD FLATTENER LENS

To operate, the light sources are individually ad-
dressed and each energized diode projects up to 144
bits of data onto the sensor array. Wideband amplifiers
process the signals from the photodiodes and generate
TTL levels at the output. Each time a light source is
activated, an instruction word, 4 to 144 bits, is gen-
erated.

Quadri Corp. replaces the lens system with a fiber
optic system in their Model 401-22 optical ROM. Stor-
age capacity is 50k bits per each 11- by 13-inch printed
circuit board (Fig. 2). This system is TTL-compatible,
features a lift-off top for mask replacement with visual
self-check capability and is expanded through wired-OR
techniques. The use of fiber optics eliminates mechan-
ical alignment problems and optical crosstalk. Word-
drive transistors select one unique LED which illumi-
nates through fiber optics a specific line of holes via the
“radiation distribution plate” to the photo mask. The
mask either blocks or permits the light to pass (accord-
ing to predetermined program) and the light is directed
by fiber optics to light-detecting diodes. Signals are
amplified and transmitted to the output terminals.
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Avery uncomplicated
~ new OEM recorder
with just one thing going for it...

You'll like what you see in our new
approach to dedicated OEM strip
chart recorders. First, we eliminated
all those complicated moving parts
from the writing mechanisms. No
more pulleys, cables and slip clutches.
Instead, there’s just one simple

moving part—the slider/pen assembly.

That's because a linear servo motor
keeps the pen going magnetically
...and very reliably.

When you see the HP Model
7123, you'll notice how the low
power servo system makes the
recorder smooth, precise and
trouble-free. You could
drive it off scale around
the clock without
noise or danger.
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Even with all that, you've got a
lot more going for you with the
7123. Like a swing-out chart paper
drive for quick reloading and
reinking. The viewing/writing area
is slanted so you can make notes
right at the disposable pen tip. And
you can work without worrying
about a lot of circuit adjustments.
They're simply not needed anymore.

Since it’s an OEM machine from
the ground up, the 7123
has options

CIRCLE NO. 14

for everybody. Select any chart speed
and voltage span in English or
Metric scaling. In all, nearly 50
options will customize the recorder
exactly to a specific application.

You'll probably be most intrigued
by an option we call electric writing.
Normally, the ink system works like a
cartridge fountain pen. But electric
writing is designed for people who
don’t even want to mess around with
that. A highly stable electrosensitive
paper that gives you a crisp, clear

trace without ink.

Available in full rack or

half rack versions, the

3% inch high 7123

makes totally

unattended operation

a reality. Simplicity,

reliability, precision

and even electric
writing. With all that
going for you, you can
turn it on Friday and
forget about your work
all weekend.

To see the uncompli-
cated new 7123 and its
matching price and OEM
discount schedule, call
your nearest HP sales

office. Or write,
Hewlett-Packard, Palo Alto,
CA 94304; Europe: 1217
Meyrin-Geneva, Switzerland.

HEWLETT E PACKARD

GRAPHIC RECORDERS
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Evelyn Berezin

Of Redactron Compares
The Right and Wrong
Ways to Design

MOS Systems

The introduction of large-scale integrated circuits
has made radical changes in the way engineers
think about the design of new systems. The major
new factor of course is MOS technology, which lends
itself to building large arrays of specialized logic
circuits very inexpensively. Of particular interest to
the designer today are read-only memories and ran-
dom-access memories, but these do the same thing
as their predecessors, although better and perhaps
less expensively. Many engineers have ignored MOS
LSI technology on the ground that it is geared only
to very high volumes. But in the case of some, the
real reason they don’t use it is a feeling that this
takes a lot of specialized and still very new knowl-
edge. It does take a lot of rearranged thinking by
logic designers (and their managers); they do have
to change their approach to engineering design in
order to use MOS chips successfully.

An MOS chip designed as most of them
now are could cost as much as $75,000
more than an equivalent IC printed-
circuit board. However an MOS chip
need not cost anywhere near this if its
design is approached properly.

It might be worthwhile to consider what the ap-
proach to custom MOS has been:

1. After the idea for a system is discussed and
there is some agreement on function, somebody sits
down and writes functional specifications describing
what the system must do.

2. The generalized design is laid out, and sets of
equations are set up to represent the various al-
gorithms.

3. Final representations are made in some form

to represent the individual circuits used to imple-
ment the system.

4. An IC system is constructed and tested to be
sure that it’s all correct. (This has taken anywhere
between 4 months and a year, depending on the size
of the system.)

5. Now management has something on which to
base a decision (on the basis of the total amount of
equipment needed and marketing’s projected vol-
ume) on whether the thing is a candidate for MOS
design.

6. If it is ripe for MOS, the engineers are turned
loose to decide how to partition the system into in-
dividual MOS chips.

Many of the companies that manufacture MOS
devices have design staffs to help in this operation.
Companies often turn over a logic design to the
manufacturer whose engineers first partition it, and
then design the pieces as MOS chips.

This process however is often a disaster, because
well-designed logic cannot be cut up very easily ex-
cept in the way it was designed to be cut up. The
interfaces are set up to provide logical points for
attachment. It would be an accident if they hap-
pened to be proper partitioning points for an MOS
design.

In fact, the whole process of design for MOS is, I
think, much misunderstood. I hear people talk about
taking a piece of some particular system and “MOS-
ing” it. It reminds me of the way people used to
“transistorize” equipment when they were redoing
designs from tube circuits, or the way we used to
take transistor circuit drawings and turn them into
ICs. This kind of thing was possible, without too
much impact on the logic, by taking each particular
element, or small group of elements, and converting

FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L62

ED'NEEE Jily A5 1971



them to the new technology. With a little patching,
the basic logic structure of a machine was retained.
Of course, the cost of the various elements changed,
and the cost relationship of different elements
changed, but the structure of a system didn’t.

It’s a whole new ballgame with MOS design and it
has to be considered as such. All the rules and con-
cepts behind the usual ideas of minimization become
rather meaningless in view of the problems of de-
signing in this new technology.

7. Let’s go back and determine what is usually
done now. The problem is to partition a logic struc-
ture into some form translatable to an MOS design.
This means that each partitioned group of circuits
that is to be represented by one MOS chip has got to
fit on that MOS chip. In particular, it cannot have
more than, say, 40 pin connections. What is worse,

each pin connector eats up vast areas of usable logic
space and thus costs much more than a great deal of
the logic circuitry. It turns out that the number of
pin connections available is usually the limiting
factor in determining the system structure, and also
the cost of the system.

The number of pins actually seems to be the limit-
ing problem throughout the history of all the logic
design I've seen. Even in the days when we used to
try to fit five or six tubes on a board so they were
easily packageable, we were limited by the number
of pins we could get on that board. Later on, when
we started to use integrated circuits, the same thing
happened. Decreasing connector size made more
pins available, but the number never matched the
amount of logic which could be put on a particular
printed circuit board, or MOS chip, or whatever. So
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this problem has always been with us. It differs now
in degree, however, because the cost of additional
logic is (a) almost zero if the logic goes on an existing
chip, and (b) something if one needs an extra pin,
and (c) a great deal if one runs out of pins. The prop-
er partitioning therefore becomes essential in the
design.

Let’s suppose that we put ourselves in the hands
of an MOS manufacturer. This manufacturer some-
how partitions the system and then redoes the de-
sign to conform to his particular fabrication tech-
nique. The MOS manufacturer’s engineers must
first reconfigure the logic in a schematic design
analogous to the way in which the pattern will be
set down on the MOS chip. This schematic design is
not very different from the kind of thing that was
done in the tube logic of the early 1950s. Since
one was designing with more basic elements, it was
possible to perform design tricks to limit the number
of individual elements used. As the basic elements
became more complex, this kind of freedom was no
longer available to the designer.

It is, however, available all over again now, be-
cause the elements of an MOS chip are so basic that
a great many more degrees of design freedom are
possible than is available with ICs. The design prob-
lem is compounded, however, by the fact that the
size of each of the elements on the MOS chip is re-
lated to the speed of operation of the element.

This is, in turn, related to the speed of operation
of the system, and to defining the amount of logic
which can be integrated on the chip. Thus some un-
derstanding of the speed of each particular part
within the system must be taken into consideration
in the logic design. Although designers must always
understand their path speeds, the high speed of ICs
means that only in particular areas (such as high-
speed computers) is the problem serious. I would
guess that most logic designs are not limited by the
speed through each path. Because MOS circuits are
still rather slow in their present stage of develop-
ment, greater attention has to be paid to this prob-
lem throughout the design effort.

The trickiest and most difficult parts of
the problem—the partitioning of a sys-
tem into units amenable to MOS design,
are often relegated to the MOS design
houses that have little understanding of
the system.

That’s why there is often a great deal of rework
needed in order to achieve a workable design. It is
extremely difficult to transmit all the thinking be-
hind the system design to another group that is not
very close to the problem.

8. After the MOS partition is done, it should be
implemented in ICs in order to debug the reparti-
tioned logic thoroughly.

9. This requires another complete cycle of de-
sign and test, after which the MOS schematics
can be drawn, and the chip designed. No wonder
MOS costs so much!

10. Another problem has to be faced when the
chips are ready to be tested. Test patterns are used
by MOS testers to insure that the chip does the
things it was supposed to do. Someone knowledge-
able about the chip design must write the test pat-
terns. This is a difficult part of the job. It is not un-
common to find at this point that there is no very
good way of testing the chip even when you have it.
In fact, it may be necessary to redesign the logic of
the chip in order to allow it to be tested properly.

What it all comes down to is that the job has been
done the wrong way 'round. The wrong things have
been considered important and the wrong people
have done them. In fact, the whole process of think-
ing should be changed and the design group should
be re-educated if it is to take advantage of the tech-
nology now available to it. I have no doubt that this
will happen, but it should be happening a lot faster
than it is.

It’s not surprising that with all the work and re-
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work that this procedure makes necessary, the cost
of designing an MOS system can be three times the
cost of the same design using bipolar integrated
circuits. If one then adds $20,000 to $25,000 for the
design of the chips, it is not surprising that com-
panies think very long and hard before going to
MOS technology.

0.K., having talked a lot about how it shouldn’t
be done, let’s see how it should be done.

1. After the system engineer has some idea of
what the functions of the system are, he should first
decide on the physical structure for the system. This
structure should be the partitioning plan.

2. The use of a large blackboard is helpful. The
chips can be marked on it, and the connections re-
quired for each chip can also be marked down. Every
function should be defined for each signal going to
and from each chip. This definition procedure willy-
nilly defines the functions that each chip must per-
form. The outcome is essentially a set of specifica-
tions for each chip.

3. During this process a rough estimate is made
of the number of equivalent ICs the chip will include.

4. From this and an estimate of the “regularity”
of the logic internal to the chip, and the required
circuit operating frequency, the number of elements
can be estimated that can be incorporated in a chip
of produceable size. (It's a good rule of thumb to
leave 20% extra space at this stage.)

The sensible approach is to make the chip as big
as you think you can get away with. MOS manu-
facturers often show graphs of lowest cost per ele-
ment in terms of chip area. I think it is wisest to
plan for at least 30% larger area than that at the
lowest point, because that minimum is moving to
larger areas all the time. (How much larger you're
willing to go defines your guts/intelligence/gall/
stupidity.)

5. In the process of defining the functions to be
carried out within each chip, the design of the test
patterns should also be considered. It almost makes
sense to start by designing the test patterns, and by
this means define the function, at least roughly. All
the details of the test pattern need not be done at
this time, but sufficient thinking about it has to be
done to insure that testing is feasible, sensible and
uses equipment available both to the user as well as
the manufacturer.

6. In the course of this design, a number of dif-
ferent ideas on partition and system structure can
be tried out to determine the optimum approach. Af-
ter the general structure has been determined and
each signal between chips defined, the designer can
start on the logic of each chip. He should have some
understanding of the predesigned cells used in
computer-aided design of the MOS chip. These dif-

fer from the basic logic elements which are avail-
able in ICs, but they will be closer to the final MOS
design.

7. The designer should make sure that the de-
lays through the system are not excessive.

8. A check must be made to insure that the cir-
cuitry will fit on a chip.

9. Now at last, the system can be built and
checked out. This requires a translation from the
MOS design into ICs, which requires a conversion
from “MOS logic” into “IC logic”. This conversion
however isn’t difficult to do. There is, of course,
absolutely no reason to try to minimize the logic for
the IC design; in fact, it’s probably not a good idea,
since one wishes to check the logic as it will be in
its final MOS implementation. It’s a good idea to
build each equivalent MOS chip as an IC board,
with the pin connector of that board imitating the
MOS chip. (A fast way to check out the MOS logic
is by replacing each IC board with its equivalent
MOS chip when it finally comes in.)

10. After the IC logic has been checked out, the
MOS logic is converted to detailed MOS schematics.
This can be done by computer-aided design tech-
niques, if the chip is small enough to be handled by
such design; if not, it must be done by hand, and will
take about 2 weeks for, say, a 60 IC chip.

11. Once the schematic is done, the implementa-
tion of the chip itself is turned over to the manufac-
turer for conversion to the mask stage. This might be
called “Tooling”. It is possible to have this done by
design houses so that one is not tied to a particular
manufacturer. Care has to be taken to insure con-
formity with the standard techniques of a number of
manufacturers, so as to allow for multiple sourcing.

Using this technique, what does it cost to design
an MOS chip equivalent to, say, 60 ICs? The extra
cost of design might be about $20,000, even if one
presumes a moderate number of mistakes are made.
The average cost of the chip design is about $20,000,
even without computer-aided design techniques.
The design cost is thus at most $40,000 per chip
more than it would be in conventional IC logic.

Now we can examine the payoff of using MOS de-
sign against using ICs. First, the 60 IC board prob-
ably would be closer to 45 ICs if the design were not
MOS-oriented, —the designers have been throwing
in extra circuits to cut down the number of connec-
tors. But even with the present low cost of inte-
grated circuits, you still might have a printed-
circuit board and the power to drive the circuits. The
cost of a 45 IC array on a single printed-circuit
board, including the cost of insertion, soldering,
testing, and the associated power, would probably
end up at about $65 if the company were buying and
building in comparatively small quantities. It could
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be closer to $20 if the company bought, built, and
tested the IC boards in very large quantities. The
equivalent MOS chip would cost about $20 in small
quantities (say 1000 units), but goes down to the
range of about $10 in quantities of 10,000.

Thus, a small company building comparatively
small numbers of systems would save $45 per chip
and would break even at about 1000 units; for a
large company, the break-even point is about 4000
units. This doesn’t take into account the company’s
desired return on investment, but the numbers are
certainly way below the 20,000 to 40,000 units
which are now bandied about. It isn’t hard to see
that by using computer-aided design techniques
throughout, instead of laborious hand work, the
cost of the design could become less than half of the
$40,000 estimated here. It can be expected that the

cost of the MOS chips themselves will go down in
price just as it has for ICs. One begins to see that the
break-even point will get to be a rather low number
very quickly. R

There is another point which should be made:

Once you decide to implement in MOS,
you have a completely revised attitude
towards the capabilities or functions
which should be included in the system,
in that comparatively complex functions
can be included for very little added
cost.

Also, one has to have a rational attitude towards
potential design changes. Indeed, it is a good idea to
try to define the places where changes are to be ex-
pected and to provide a system which can tolerate
them.

It is plain that the art and method which have
heretofore constituted the designer’s bag of tricks
require radical restructuring in order to be ready for
the MOS technology now available. New structures

and new architectures are necessary. Although it’s
hard to make the transition of thinking in terms of
the cost of pin connections rather than logic func-
tions, new kinds of algebra are needed to help deal
with these facts of life. Until the time such mathe-
matical conveniences are common-place, the sys-
tems engineer must start at the end and work back-
wards, with less orientation toward mathematical
solutions and much more orientation toward the
engineering realities. As the cost of tooling for elec-
tronics decreases, one can expect a radical re-order-
ing and re-education of the whole concept of logic
design for digital systems. =

Who is Evelyn Berezin?

Evelyn Berezin is credited with many firsts in
equipment design including the first com-
mercial high-speed communications termi-
nal in the country (put into operation in 1961
by the Social Security Administration and still
being used) and the first nation-wide on-line
airline computer reservations system (de-
signed in 1957 for United Airlines and still in
operation). She also designed computer on-
line systems for three major banks, the Amer-
ican Stock Exchange and Roosevelt Raceway.

Before founding Redactron Corp., Haup-
pauge, N.Y., in 1969, Mrs. Berezin was direc-
tor of product planning, with long-range
responsibility for marketing and product
planning at Digitronics Corp. Earlier in her
career she was head of logic design for the
Teleregister Company and for Underwood
Corp.’s computer division. .

At Redactron, her favorite project has been
the development of an editing typewriter, one
version of which includes 20 MOS integrated
circuits, 13 of these are custom chips.

Mrs. Berezin was a serious dance student
for many years, majoring in Haitian and East
Indian dance, and ballet. But her interests
turned to other directions when she enrolled
at NYU and decided to study physics. She had
completed most of the requirements for a
Ph.D. in physics, when she changed direc-
tions again, leaving school to embark on a
career in computer design. _

Mrs. Berezin, 46, has been married for 19
years to Dr. Israel Wilenitz, a British born
chemical engineer. She lives in New York’s
Greenwich Village.
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National presents the
Tri-State-of-the-art.

(A timely, information-filled discussion of the
National Tri-State* logic scene featuring
systems design input by Jeff Kalb and systems
applications data by Dale Mrazek with
introductory notes by Floyd Kvamme.)

*Tri-State is a Trademark of National Semiconductor Corporation
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“The first DTL devices were designed good news for you. And good news for us,

with passive pull-up. Then, to improve speed, since it’s always nice to be followed.
you went to an active pull-up which caused Speaking of second-sourcing, it would
havoc with the bus OR able system. So, the be well to list our devices so you can see
next step in evolution was to use an what all the others are copying.
uncommitted collector output. Right now, we have eight Tri-State
Tri-State logic, then, is the next step logic devices. All available off-the-shelf.

beyond that... vrLoyp KvAMME, They are as follows:

DIRECTOR OF MARKETING DM8093N ’ .Tri-State Quad Buffer

|

||lll||ll||II|| i

DM8230N ...Bus Line Demultiplexer
M&883I1N...Party Line Driver
DM8551N...Quad-D Flip Flop
DM8094N...

To the designers of bus-
organized data systems, Tri-
State logic is good news.
Tri-State logic devices give

you all the speed, power l Tri-State Quad

and noise immunity of . \»I““ > Buffer

TTL plus the ability to - I ) L vl DI , DM8214N...

interconnect outputs (6 i ’ !Illflllfl’f!,/""””“ fii Dual 4-Line-to-1-

of similar devices to a O 2 s Il < i IH Line Multiplexer

common bus line. DM8598N...256-Bit
' Expandable ROM

Three States,

A DM8599N...64-BitRAM
Explained

“Tri-State logic is really
one of the very first
attempts to relate systems
performance fo circuit design,
not the other way around...

JEFF KALB, DIRECTOR OF DIGITAL
INTEGRATED CIRCUITS

Basically, a Tri-State }
IC is a logic element with :
three distinct output states:
“0” “1” (normal TTL levels)
and OFF which is a high
impedance state that can neither
sink nor source current at a definable
logic level. (At most, it may require 40uA
leakage current to be supplied to it from
other devices connected to the same
output line. But more on that later.)

The Advantages Of
Tri-State Logic

When you compare a
54/74 spec sheet to a Tri-State
IC spec sheet, there’s really little
difference. The difference lies in
Tri-State logic’s ability to improve
system performance by a ratio of
three-to-one (or more). In the end,
you get more speed with no effective
increase in cost. You also get more
work per unit time.

From a circuit standpoint,
there’s nothing spectacular or
mystical about Tri-State logic
since it doesn’t require any
new processmg techniques.

There are a number of decided
advantages. For one thing, Tri-State
logic totally eliminates the need for a
pullup resistor in a bus-organized
system. Which means you save space
and money. You also get more speed
with no effective increase in cost.
Noise susceptibility is improved by
a factor of 10. And Tri-State logic
is completely compatible with all What we've done is incorpo-
existing 54/74 devices. (In fact, ‘\\;;,;\\ = y7 rate all the things that
we've made a special effort to make Ll L il & designers can do and have

s s : done into one overall systems
- | ] . . ysLen
conversion to Tri-State logic extremely easy.) oriented concept. A refinement of existing

Tri-State Logic Is, At This Very Moment, techniques specifically aimed at solving the

Being Second-Sourced problems of bus-organized data systems.
Happily, other companies have jumped How It's Done
onto the Tri-State logic bandwagon. Which is Actually, the concept of creating a
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Tri-State TTL device is relatively simple.
We've just provided a means of removing the
drive current from the totem-pole output of
the TTL device. The output then resembles
two semiconductor junctions biased in the
non-conducting or high impedance state.
The only load they offer to the common bus
line is the junction leakage which must be
provided by the output of the device that’s
driving the bus line.

In addition, the inputs of many Tri-
State circuits also dis-
able and, in doing so,
load the driver with
only leakage current.
In effect, this makes
both output bussing
and fan-out into other
inputs virtually
unlimited.

Thus, all Tri-
State logic elements
have been designed
with a Darlington-
connected power stage
to provide a source
current of at least
5.2mA in the logic “1”
state (13 times the
TTL norm of 400uAl).
The lower output
transistor sinks the
16mA normally re-
quired for a fan-out of
10 in the “0” state.

Some Interesting
Calculations

A source current
of 5.2mA in the en-
abled “1” state means
that at least 128 Tri-
State outputs can be
bus-connected. If one
output drives while 127
other outputs on the same line are inhibited,
the maximum leakage current to be sourced
is 127 x 40uA —5.08mA. Which means at
least three TTL loads can be driven with the
minimum of 120uA remaining.

Another Tri-State logic benefit is that
lines longer than 10 feet can be driven
reliably, while standard TTL can drive only
10 to 12 nches of line before noise immunity

becomes a problem. The higher power of the
Tri-State IC output also improves “1” level
noise immunity by a factor of 10.

Finally, one of the unique things about
the Tri-Statelogic gating system is that it
runs in parallel with the existing logic func-
tions. It doesn’t slow down the logic function
itself while it’s operating, it just provides a
means of turning it off —in parallel. So,
you're not adding any time to the system,
you're really adding a control.

“One of the functions
of Tri-State logic

(as we were designing
it) was to make any
previously-designed
MSI elements
bus-structurable’.

DALE MRAZEK, DIGITAL
APPLICATIONS MANAGER

Reduced to its
most basic and flexible
form, a Tri-State IC
output is a special kind
of gate. And so, the
most universal Tri-State
devices we've designed
to date are the DM8093
and DM8094 Quad
Buffers. With these
buffers, any other TTL-
compatible device or
MSI module can be
given Tri-State input

Using Tri-State Buffers,
many logic circuits can
be saved. For example,
in Fig. 1, they operate
in pairs on a single
control line to perform
the two-wide multiplex
function so commonly
needed in logic design.
A comparison of this design with a standard
design will show that an inverter and four
2-input NOR gates are saved in just this one
subassembly. And, the subassembly can be
expanded modularly.

More Nice Things You Can Do
With Tri-State Logic

There are, obviously, many different

or output characteristics.
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bus-structured systems applications using
Tri-State devices. Some are relatively simple,
others very complex. On this page we've
diagrammed some typical applications. Each
contains a Tri-State device or a series of
Tri-State devices. All improve overall system
performance substantially in addition to
reducing the physical number of

elements required.

Ifulure iﬁy S
Tri-State 2 QA
Our eight /[ |
Tri-State devi- ;=

ces are just the.
beginning of a
logic family
which will con-
tinue to expand
at a rapid rate.

And as
we expand our
line of devices, we
are looking at each new
function not from the
standpoint of “Is this a
nice function?”; but,
rather, how does it fit into
the system to make the
system work better.

As a result, there
are a variety of RAMs,
ROMSs, Low Power TTL
devices and more systems-
related MSI functions, on
our drawingboards.

Very soon, too, we
will offer Tri-State logic de- |
vices which feature com-
mon I/0O, which will give
even more performance in

of bus-organized systems, but improves
overall system performance by a factor of
three-to-one.

How To Get Your
Very Own Tri-State
Logic Seminar

Obviously, there’s a lot more to talk
about when it comes to Tri-State logic.
So, were prepared to offer you your
very own Tri-State Logic

Seminar. In your very own
office. Conducted by one of
our very own Field Appli-
cations Engineers who'll

show up with an arm-
load of Applications
Notes and a headful of
answers to just about

any question you're
likely to come up
with.

Our Operators
Are Standing
By For
Your Calls

To get the ball
rolling on your very
own Tri-State Logic
Seminar, or simply

get more information,

call (408) 732-5000.

an already small package.

Or write National
Semiconductor Corporation,
2900 Semiconductor Drive,
Santa Clara, Calif. 95051.
TWX: (910) 339-9240.
Cable: NATSEMICON.

A Summary
Tri-State logic is an innovative e
new concept in logic design that combines
the speed, power and noise immunity of
TTL with the wire-OR’able flexibility
required for real-life bus systems.

But even more importantly, Tri-State
logic is a systems-oriented concept that not
only simplifies the design and construction
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DESIGNING
LINEAR
SWEEP
GENERATORS

by Ronald C. Scheerer

New approach offers improved linearity

Most methods of sweep generation employ the
almost linear portion of an exponential charac-
teristic, generated by applying a dec voltage to an
RC circuit. By careful design it’s possible to ob-
tain quite good linearity with these techniques.
But because the ramp waveform is based upon
an exponential relationship, it will never be
truly linear.

Before going on to investigate an alternative
circuit let’s look briefly at the advantages and
disadvantages of some widely-used sweep-gener-
ator circuits.

Simple RC circuit

Probably the simplest and least expensive

Author: Ronald C. Scheerer is an engineer at
Westinghouse’s Defense and Space Center at
Baltimore, Md.

approach is the circuit shown in Fig. 1. This
consists of a resistor, a capacitor, a voltage
source and an electronic switch.

Initially the switch is closed and the output
voltage K, equals zero. When the switch is open-
ed (by an external control signal) the capacitor
begins to charge exponentially toward the supply
voltage V. At the end of the desired sweep
period At, the switch is closed and output E,
returns to zero. This opening-closing action of
the electronic switch is maintained at the de-
sired repetition rate, yielding a continuous
sweep signal at the output. The period of the
sweep At and the repetition rate can be altered
by making the appropriate change in the con-
trol signal to the electronic switch. Of course, a
negative sweep signal can be obtained simply
by using a negative voltage source.

To obtain a relatively linear sweep with this
network, one must use a high voltage source V,
and must ensure that the sweep period is only
a small percentage of the time constant 7 = RC.
In this way the sweep will be obtained from
the so-called “linear” portion of the exponential
curve. This circuit is short-circuit proof, ex-
hibits low switching transients on the output
and can easily be modified to give a different
sweep period At. But it has several disadvan-
tages:

e External loading on the output exaggerates

nonlinerarity in the sweep signal—therefore a

buffer stage is required.
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e Buffer stage nonlinearities degrade the over-
all linearity of the circuit.

o The offset voltage of the electronic switch ap-
pears at the output.

e Though the circuit operates in the so-called
“linear” regions, the sweep is still dependent
on an exponential relationship.

e Repetition rate of the sweep is limited by
the discharge characteristic of the capacitor.

Miller integrator

In Fig. 2 we see how the simple RC circuit
can be improved by adding a high-gain dc
amplifier. For this Miller-type sweep generator
the capacitor is connected in the amplifier’s feed-
back path.

Initially the switch is closed and output volt-
age FE, equals zero. When the switch opens,
capacitor C begins to charge exponentially to-
ward a voltage E,, which is the value of the
voltage source V multiplied by amplifier gain
— K. If the switch never closed, the capacitor
would continue to charge toward K, — —KV
until the de amplifier reached its saturation
level. By proper choice of the values for R and
C, however, the desired sweep period At occurs
before the amplifier reaches saturation. At the
end of the sweep, the electronic switch closes
and the output voltage returns to zero.

The basis for operation of this circuit is es-
sentially the same as for the previous circuit in
that the sweep signal is obtained from the so-
called “linear” portion of an exponential curve.
Note, however, that—unlike the simple RC circuit
—the Miller circuit gives quite good linearity
without the use of a high-voltage source.

Sweep period At can be modified either by
changing the values of R and/or C, or by chang-
ing the control signal to the electronic switch
to allow for a longer or shorter charging time
before “end of sweep” occurs. As with the
simple RC circuit, opposite polarity sweeps can
be obtained simply by reversing the polarity of
the source voltage.

The Miller circuit offers quite linear sweeps
with relatively short recovery times. And be-

cause the de amplifier has a low output imped-

ance, external loading doesn’t cause too much

degradation of sweep linearity. But this circuit
also has several disadvantages:

e Though the circuit operates in the so-called
“linear” region, output waveform still depends
on an exponential relationship.

e The need for a floating electronic switch
causes design difficulties.

e The circuit is not short-circuit proof, unless
this particular characteristic is designed into
the de amplifer.

e Offset voltages of both the switch and the
amplifier affect the output.

e Switching transients are likely to appear on
the output due to the relatively high input
impedance of the amplifier.

Bootstrap sweep generator

Yet another popular approach to sweep gener-
ation is shown in Fig. 3. This “Bootstrap” cir-
cuit needs a few more components than the
circuits previously described.

The circuit works as follows. Initially the
switch is closed and output voltage E, equals
zero. In this state, voltage E is determined
by the ratio of the resistive divider R, and R,.

E =YV [R,/(R; + R.)] (1)
This voltage constitutes the initial potential
across C,.

Now, when the switch is opened C, begins to
charge toward voltage V. As the voltage across
C, increases, the amplifier’s output voltage E,
increases by the same amount, and, if C, is very
large, voltage E increases by the same amount.
This means that the voltage across resistor R,
will theoretically remain constant. Capacitor C,
is charged by an essentially constant current,
producing a linear sweep. At the end of sweep
the electronic switch is closed and the output
voltage E, returns to zero.

But linear sweeps can occur only in an ideal
situation. Capacitor C, is not infinite and the
potential across it does not remain constant.
Discharge is exponential, with a time constant,

T = G, [ (R, Rg)/(Ry +Ry)] (2)
Thus the generated sweep is based on an ex-
ponential function.

With careful design the circuit can yield fair-
ly linear sweeps, provided the time constant of
Eq. 2 is much larger than the desired sweep
period At. Switching transients at the output are
usually small enough to be neglected. With this
type of sweep generator, ampifier performance
isn’t too demanding and practical designs will
usually prove adequate. If the amplifier has fair-
ly low output impedance, external loading causes
little degradation of sweep linearity. Either
positive or negative sweeps can be obtained by
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selecting a suitable polarity for voltage-source

V. But the circuit has these disadvantages:

e Though relatively linear sweeps can be gen-
erated, there is still an exponential relation-
ship.

e Recovery time tends to be long.

e External shorts will damage the circuit unless
short protection is designed into the amplifier.

e Offset voltages of both the amplifier and the
switch appear at the output.

New technique

An unusual new sweep-generator circuit suf-
fers from none of the disadvantages seen in the
other circuits. The circuit, shown in Fig. 4, can
generate truly linear sweeps, and need be no
more complex than, say, a Miller or “Bootstrap”
circuit. Though the circuit needs a capacitor,
the output waveform is independent of an ex-
ponential relationship.

Circuit performance depends on the ratios of
sets of resistors. For linear sweeps, the fol-
lowing equations must be satisfied.

[RL R,/(R, SE Rl)] - Rz (3)
and,
E [R,/(R, + R,)] = —2E;, (4)

Later we will see how the foregoing relation-
ships are derived. To understand clearly how the
circuit works and why it generates linear
sweeps, we will examine circuit operation at
three specific times during the sweep period At.
During the analysis, we will assume that input
voltage E,, is positive and that voltage source E
is negative. We will assume, also, that the re-
lationships of Eq’s 3 and 4 are true.

Initially, with the electronic switch closed,
voltage E,;, appears across capacitor C, and the
output of the amplifier is 2E;,. When the switch
is opened, C starts to charge towards the nega-
tive E. To see what happens now, let’s mentally
break the circuit as indicated in Fig. 5. With
this break between the capacitor and resistors
R,, R, and R,, we can substitute a Thevenin
equivalent network for the combination of the
three resistors and voltage source —E. If the
conditions of Eq’s 3 and 4 have been met, then
we can prove that the equivalent Thevenin re-
sistance R, — R,/2 and the equivalent voltage
E, — 0. Since the capacitor voltage is initially
+FE;,, the differential voltage between output
and input is (F;, —0) — E,,, while the charg-
ing current for the capacitor is 2K,,/R,.

Now let’s examine the situation when the
voltage across the capacitor is zero. The output
of the amplifier will be zero also. Again, mental-
ly breaking the connection between the capacitor
C and the resistors R,, R,, and R,, we can
substitute a Thevenin equivalent network for the
three resistors and the voltage source —FE. For
this particular case we can show the equiva-
lent Thevenin resistance is again R, — R,/2,
while the equivalent Thevenin voltage is
E, — —2E,,. Once again the differential volt-
age equals [0 — ( —F,,)] = E,;, volts and the
capacitor charging current will be 2E;,/R,.

Finally let’s look at the third case where the

voltage across the capacitor is equal to —E;,
volts. With a gain of 2 through the amplifier, its
output voltage is will be —2E;, volts. Mentally
breaking the connection between the capacitor
and the resistors, we can substitute another
Thevenin equivalent network. We find that the
equivalent Thevenin resistance is again R, —
R,/2 and the equivalent Thevenin voltage is
E, = —2E,;,. Once again the differential volt-
age equals [ —E,, —(—2E,,)] = E,, volts and
the charging current for the capacitor C will be
2E;,/R,.

No matter what the capacitor voltage is, the
effective differential voltage will always be E;,
and the equivalent resistance will always be
R,/2. Since the charging current is constant,
the output sweep will be linear. To end the
sweep, the electronic switch is closed and the out-
put E, returns to E;, volts.

Advantages and disadvantages

In our example (with E;, positive and E nega-
tive) the circuit yielded a negative-going sweep.
If we reversed the polarities of E;, and E we
would get a positive-going sweep. The circuit
has several significant advantages:

e QOutput sweep is definitely linear because it
doesn’t depend on the exponential charging
of a capacitor.

o Offset voltage at the output is a function only

of the switch offset voltage.

Switching transients at the output are low.

The circuit is short-circuit proof.

Recovery is fast.

The amplifier doesn’t present severe design

problems and ICs can be used if desired.

e A buffer stage isn’t needed at the output be-
cause load resistor R, is incorporated in the
design equations.

e Period of the sweep At can easily be changed
by using a different value capacitor.

Even with these overwhelming advantages, it
is only fair to point out the possible disadvan-
tages of the circuit:

e Both a positive and negative voltage source
are needed.

e The amplifier must be able to handle twice
the peak-to-peak swing of the output signal.
Figure 6 shows a practical version of the new

circuit, which was designed to generate the hori-
zontal and vertical sweep signals for a military
radar system. Tests on prototype and produc-
tion versions confirmed the predicted perform-
ance. Linearity was so good that deviations
could not be measured. Performance was stable
over the temperature range —55 to +100°C.

An interesting feature of the new circuit is
that the sweep waveform source can be deliber-
ately made concave upward or concave down-
ward, merely by varying resistor values.

This feature is useful if the external circuitry
being driven by the sweep circuit exhibits a non-
linearity. The sweep circuit can be adjusted, to
a certain degree, to compensate for this non-
linearity and thus to linearize the overall
performance. &
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Notch Filter

Has Passive Q Control

Proper attention to selection of passive components is all that’s
needed to get a high performance notch filter.

HOWARD T. RUSSELL, Texas Instruments Incorporated

This active band reject or notch filter
has a variable @ feature that is con-
trolled by a single passive RC net-
work. The circuit consists of a positive
unity-gain amplifier, an RC twin-T
network and an RC T network that
determines the circuit €. Through
derivation of the transfer function, it
is determined that once the notch fre-
quency is fixed, the @ can be changed
without any effect upon this fre-
quency.

Observations made on three filters,
e,(s)

each with a different value of Q, in-
dicate that neither the notch fre-
quency nor notch depth is affected by
@ changes. By examining certain
sensitivity functions, stability of the
notch frequency and @ are found to
be dependent on the passive elements
in the T networks. By choosing proper
elements, a low-sensitivity filter can
be built.

The generalized circuit configura-
tion, along with its transfer function,
isgivenin Fig. 1 and Eq. 1.

= ylZ(l(S) (1)

H(s) =

1

efs) Yoo (8) F ¥105(8) — ¥y45,(8)

By replacing network a with an RC twin-T network, and network b with an
RC T network (Fig. 2), the transfer junction becomes

s2 + (1/RC)?

H(s) =

(2)

s* + (4/R,C)s + (1/RC)?

If each s-term coefficient in this equation is equated to the corresponding
coefficient in the generalized equation for a notch filter, the expressions for
the notch frequency and Q may be found. That is, given that

st + al

H(s) =

(3)

$? + (w,/Q)s + w,?

Circuit Sensitivity
Stability of w, and Q of this filter may be
determined by examining how sensitive
these parameters are to changes in cir-
cuit elements. The percentage change of
a parameter based on the change of an
independent variable may be defined as

AQ AZ

o [ﬂ
where Q is the parameter being investi-
gated, Z is the independent variable, and
S¢ is defined as the differential sensitivity
of Q with respect to Z, i.e.,

Q[Z
Q= — | —
5=3z [o}
Since the Q of this filter is a function of

R, and R, then the percentage change in
Q may be written as

AQ AR, AR
Q LR, R
Once S%, and S§ are found from Eq. 5,
then the above equation is found to be
AQ [AR, AR]
Q R, R
The notch frequency w, is a function of
R and C, the elements of the twin-T net-
work. The percentage change in w, is
found to be
Aw, AR AC
g
R C

From the above two equations for Q
and o, sensitivity, it can be seen that, by
properly selecting the passive compo-
nents to make the AR and AC fractions in
the brackets cancel, both Q and notch
frequency will remain stable.

@,

for a notch filter, then

and

(5)

Based on these equations, observe
that the notch frequency is controlled
by the twin-T network (network a),
while the @ is controlled by the single
T network (network b), once w, is
fixed.

To test the theory, several filters
were designed and tested. The unity
gain amplifier was built from an
SN72741 op amp in a noninverting
100% feedback mode. The twin-T
network was built to produce a notch
at approximately 4.22 kHz, and the
single T network was left as the vari-
able so that the @ could be changed.
Data presented in Table 1 indicate
that these filters have respective @
values of 9.8, 18.4 and 25.

The results gathered from these
test circuits indicate that the realiza-
tion of a notch filter with a passive
control is a valid one. Through the use
of a single RC network, the circuit @
may be varied without producing any
changes in notch frequency or notch
depth. Even though a high quality
operational amplifier was used in
these test circuits, any other high im-
pedance, unity gain amplifier may be
used. Previous test circuits have been
evaluated using only a single stage
emitter-follower as the active device.
However, the most important require-
ment is the need for high quality, low-
tolerance passive elements to insure
a stable, low-drift design. @

(Continued)
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&
% 7000 SERIES

7904 Oscilloscope

From 500 MHz at 10 mV

with 1-GHz at 5-V direct access

e cRONING

For those who have requirements in be-
tween 500 MHz and 50 MHz there’s the
150-MHz 7704 (R7704 rackmount), 90-MHz
7504 (7514 storage), all with 4 plug-in com-
partments; 90-MHz 7503 with 3 plug-in
compartments.

Exclusive to the 7000 Series is:

CRT READOUT— features . . . simultaneously. If you wish,
Deflection factors and sweep speeds, the start with only one horizontal and one
DMM and counter outputs, invert and un- vertical plug-in and add more as your
calibrated symbols, etc., are automati- measurement requirements change.

cally displayed on the CRT—where you 22 P -INS—
look for information. CRT Readout can be LUG-ING
ordered initially or as a conversion kit
that is easily installed. In each case the

cost is only $400. And it is available in Yo Untis) ‘@ dusltece ‘(use twe for 4~

BY GRupes SRS e RS, trace) 10 uV/div differential ®1 mA/div
MULTIPLE-PLUG-IN MAINFRAMES current amplifier ® differential comparator

Plug-ins are available to make virtually
any measurement desired. Here are some
examples: single-trace (dual-trace with

Three or four-plug-in mainframes allow ® sampling to 14 GHz ® 45-ps risetime TDR
up to twenty combinations of vertical ® dual time-bases with calibrated mixed
and horizontal operating modes. You can sweep ®525-MHz direct counter e digital
now use plug-ins with widely different multimeter ® All 22 are compatible with

all mainframes (Readout required for DMM
and counter).

dual-trace, 6 1/2-inch CRT and de-
laying sweep for only $2200

7000-Series Scopes, complete with plug-
ins, start as low as $1650. Call your near-
by Tektronix field engineer today for a
demonstration of the scopes that make
more measurements easier and quicker.

v\

7403N Oscilloscope
(R7403N 5 1/4-inch rackmount) I EK I n o N IXFD

U.S. Sales Prices FOB Beaverton, Oregon committed to
Tektronix lease and rental programs are available in the U.S. technical excellence
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UNIQUE

Notch Filter (Cont'd )

Plug-in heads, inserted in plug-in
sampling units, provide the flexi-
bility to meet your present and
(a) o future sampling requirements.
3 There are six Sampling
e;(s)O———o01 20- + Heads, three Pulse Gener-
ator Heads, two Trigger
SN72741 -0e,(s) Heads, two Sampling Plug-
ins, one Delay Line Plug-in
7 and a Sampling Time Base
Plug-in in the 7000 Series.
R, Sampling applications of
Fig. 1 —Generalized circuit VWA 7000-Series scopes are as
configuration for an diverse as 35-picosecond
active notch filter. resolution TDR and the dis-
play of microwave signals
o1 20 beyond 14.0 GHz.
3
(b) ?
<
R Ic 0.02 4F
1.8k |
2R 3.6k 2R 3.6k
+
2;{8) c/2 c/2 SN72741 p———O eo(s)
0.01 F 0.01 4F = .
o 7811
7.5k Sampling Unit TDR
R= [i] 1 WAA
wyl C . T
2 There is flexibility to use
R, . [io_] il two, three or four plug-ins
wof € N for dual-trace displays, de-
1 ;? "R" lay line applications, com-
Cy= I:EJ c 1 1 bined real-time and sam-
IC1 pling displays, etc.
Fig. 2— Circuit schematic & SUMMARY OF PERFORMANCE
and component values for HEAD | Tg INPUT
the notch filter. S-1 |350 ps | 50 @ GR874
S-2 | 75ps | 50 @ GR874
S-3A|350 ps | Hi Z Probe
S-4 | 25ps [ 5602 3 mm
S-5 1ns | Hi Z BNC
S-6 | 30 ps | Feed thru 3 mm | L S emar v
HEAD | CHARACTERISTICS ™1 1
S-50 | 25ps 400 mV STEP Delay Line
GENERATOR Short-
Circuit Source
S-51 1-18 GHz Trigger
2 a i 2 NOTCH Count-down
) ] notokc | DEPTH S-52 | 25ps 200 mV 50 Q
5o STEP GENERATOR
75 kQ | 0,001 xF | 9.8 | 4,22 kHz | 62 dB :{owa,l.d T. Russlell (M.S.E.E.), S-58 gecélgcli‘l‘*zzjrigger
ormerly an applications engi- S-54 | 1ns 400 mV 50 @
150 kQ 660 pF | 18.4 | 4.22 kHz | 62.7 dB neer at Texas Instruments In- S'PEP GE“ERATOR
220 kQ | 360 pF | 25.0| 4.22 kHz | 62.dB corporated, Dallas, Texas, where Call your Field Engineer
his duties included the design for more details.
of audio and low frequency cir-
Table 1—Measured values of notch frequency cuits, is now employed at Eagle o
and notch depth with changes in circuit Q.  Signal Co., Davenport, Iowa. wﬁ“‘i"'
TEKTRONIX
FOR A FREE REPRINT OF THIS ARTICLE, CIRCLE NO. L64 I " excotonce
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High Energy Silicon for the 70s.

For Audio
Amplification. o )
100 NG972

39pf
D3 ¥ A D2

DRS-102 DRS-102
Q2

2N3053 J
: ps W A D1

DRS 102 DRS 102

D7
DRS 102
D5
DRS 102

D6
i DRS 102
1005y zk

+ o———\Q_Q_Q/—<r——*
For 4mH 1N3879* ouTPUT

28 VvDC

Switching e

22,0004f

22V 28VDC
INPUT

N5970°

6.8K

2N3703

1.8K

2N3703
2504t

2N16718

680pf 2N3706
. —
(D(Hhﬂ
, ' 9.0V
) 2 ZENER ;

ALL RESISTORS 9 b l/u ”mhi
% WATT 9.0v
ZENER
* MOUNTED ON DELCO . = e ™ ~ = . - =

HEAT SINK 7281352

g Vee(sat.)
TYPE : o Veeo(sus) | hee(min.) | hre(min.) Volts
Volts @ Ic=5A | @ Ic=15A| @ Ic=10A, Ig=1A

2N5970 3 b 80 60 20 10
2N5971 3 2 80 60 5 20

2NS5972 3 80 100 70 10

SQUARE PULSES OF THE SPECIFIED
LENGTH AT wmmmrwwm
4 PULSES PER SECOND

2N5973 . 100 120 80 10

5 10

Pulse Energy Test — @ Vee=40V, lc=4.5A ALL TYPES=1.8 Joules e
tp=10 ms, duty cycle < 49; ; S5
Safe Operating Curves

NPN Triple diffused silicon power transistors in TO-3 Solid Copper cases.
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Delco’s New
2N5970 Series Transistors:
15 Ampere, Medium Voltage

Fast,Versatile, Strong,

These high energy workhorses have built an
excellent reputation for linear power amplification as
well as for high efficiency switching.

The 2N5970 series offers switching capability up
to 120V and 15 Amperes at rates of up to 50 kHz. They
provide an optimum balance of energy handling capa-
bility and speed for maximum protection against failure
from circuit fault conditions. When used for amplifica-
tion the 2N5970s’ linear transconductance over wide
current ranges gives them superior performance.

As usual, Delco houses the high energy silicon
elements in solid copper TO-3 cases for maximum
thermal capacitance and low thermal resistance (1.17°
C/W max.) to assure extra reliability in the toughest

volt shunt regulator shown is amply handled by the
2N5970 (Vcex of 80 Volts). In the direct coupled audio
amplifier, the 2N5972 displays its excellent frequency
response, gain linearity and transconductance.

For fast shipment of small or large quantities of
Delco’s 2N5970 series, call your nearest Delco Elec-
tronics Distributor.

Application Notes 42 and 43 provide the data on
the circuits.

E-J@E Delco Electronics

applications.

DIVISION OF GENERAL MOTORS CORPORATION, KOKOMO, INDIANA

They’re ideal for voltage regulators, power am-
plifiers and high efficiency switching circuits. The 28

Available from these Delco distributors:

ALA., BIRMINGHAM -+ Forbes Distribut-
ing Co., Inc. (205)-251-4104
ARIZ., HOENIX <« Cramer/Arizona
(602)-263-1112 .
(602)-258-4531
CAL., LOS ANGELES « Kierulff Elec-
tronics, Inc. (213)-685-5511 « Radio Products
Sales, Inc. (213)-748-1271

AL., PALO ALTO e+ Kierulff Electronics,
Inc. (415)-968-6292
CAL., SAN DIEGO + Milo of California,
Inc. (714)-232-8951
COLO., COLORADO SPRINGS « Walker
Electronics (303)-636-1661
COLO., DENVER ¢ Cramer/Denver
(303)-758-2100 * Denver Walker Electronics
(305)-935-2406
FLA., MIAMI + Mountain Electronics
Subsidiary of Avnet, Inc. (305)-634-4556
FLA., WEST PALM BEACH ¢ Mountain
Electronics, Subsidiary of Avnet, Inc.
(305)-833-5701
ILL., ROSEMONT (Chicago) « Kierulff/
F-J-R (312)-678-8560
ILL., SKOKIE (Chicago) * Merquip Elec-
tronics (312)-282-5400
IND., INDIANAPOLIS ¢ Graham Elec-
tronics Supply, Inc. (317)-634-8486
MD., BALTIMORE « Radio Electric Service
Co. (301)-823-0070
MASS., NEWTON » The Greene-Shaw Co.,
Inc. (617)-969-8900
MICH., ROMULUS +« Harvey/Detroit
(313)-729-5500

Sterling Electronics

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

MO., KANSAS CITY » Walters Radio Sup-
ply, Inc. (816)-531-7015

MO., NO. KANSAS CITY « ECI Semi-
conductors, Inc. (816)-221-2400

MO., ST. LOUIS e Electronic Components
for Industry Co. (314)-647-5505

N.J., CLIFTON e Eastern Radio Corpora-
tion (201)-471-6600

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

N.Y., BINGHAMTON -« Harvey/Federal
(607)-748-8211

N.Y., NEW YORK -+ Harvey/New York
(212)-582-2590

N.Y., WOODBURY -+ Harvey/New York
(516)-921-8700

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

OHIO, CLEVELAND -+« Pattison Supply
(216)-441-3000

OHIO, DAYTON . Kierulff/F-J-R
(513)-278-9411

OKLA., OKLAHOMA CITY » Radio, Inc.
(405)-235-1551

OKLA., TULSA ¢ Radio, Inc. (918)-587-9123
PENN., PHILADELPHIA +« Almo Elec-
tronics (215)-676-6000

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

S.C., COLUMBIA « Dixie Radio Supply
Co., Inc. (803)-253-5333
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TEXAS, DALLAS « Adleta Electronics
Company (214)-741-3151

TEXAS, FORT WORTH -+ Adleta Elec-
tronics Co. (817)-336-7446

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

UTAH, SALT LAKE CITY ¢ Cramer/Utah
(801)-487-368.

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

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

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

CANADA, ONT., SCARBOROUGH -+
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.

Regional Headquarters. Union, New Jersey*
07083, Box 1018 Chestnut Station, (201)-
687-3770 m El Segundo, Calif. 90245, 354
Coral Circle, (213)-772-5181
m Chicago, Illinois* 60656,
5151 N. Harlem Avenue,
(312)-775-5411 m Kokomo,
Ind. 46901, 700 E. Firmin,
(317)-459-2175 Home Office
® *Officeincludes field lab and
resident engineer for applica-
tion assistance.
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Design Ideas

Transformerless Converter
Supplies Inverted Output

Plus voltage in—minus voltage out is achieved at low cost by this
easily-built transformerless power device.

GILBERT BANK, Westinghouse

Not only is this an inverting dc to dc
converter, but it will operate at ef-
ficiencies exceeding 55% and can
withstand output short-circuits of up
to several minutes duration. Also,
because it is transformerless, it can
be built with inexpensive off-the-shelf
components.

The circuit uses a unijunction tran-
sistor Q, and the base-emitter diode of
transistor Q, to form a free-running
multivibrator. This multivibrator’s
output, amplified by Q,, drives a
switching mode converter consisting
of transistor Q,, inductor L,, diode D,
and filter capacitor C,. Zener diode D,
regulates the output for variations in
input voltage or output load.

For this application the multivibra-
tor frequency must be high enough to

permit adequate current storage in
the inductor, but low enough to avoid
loss of efficiency by the switching
components. In practice there is a
fairly wide frequency range that per-
mits moderate efficiency. R, R, and
C, are the frequency-determining ele-
ments.

Operating Q, at 50% duty cycle
gives an output voltage equal to that
of the input. Increasing the duty cycle
raises the output voltage, while de-
creasing it lowers the output. R, and
R, determine the duty cycle, which for
equal input and output voltages must
be greater than 50% to permit the
zener regulator to function.

With the component values shown,
more than 40 mA of output is avail-
able and efficiency at full load ex-

ceeds 55%. Power losses appear to be
fairly evenly-shared by the multi-
vibrator, the switching transistor, the
inductor and the zener diode. ™

When this article S
was written, Gilbert |
Bank worked as a
designer of circuitry
and systems at the
Westinghouse Ocean
Research Laboratory.
Mr. Bank holds a
B.S.E.E. from Cooper
Union and an M.S.E.E. from San Diego
State College. He is now working toward
an advanced degree in applied ocean sci-
ences at the Univ. of California at San
Diego.
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DC-DC converter. Multivibrator frequency is 25 kHz and duty cycle is 60%.
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DON'T BUY ANYTHING

elaborate to measure

THIN FILM THICKNESS

The Watson Interference
Objectives can be used
with almost any micro-
scope; measure film thick
ness within 200 A and 2
microns; no contact, non-
destructive, Michelson
principle. Objectives have
RMS thread for use with
any available microscope.
No special adaptation.
Most economic and con-
venient method to mea-
sure film thickness
quickly and accurately.

Request Brochure:

H/I HACKER INSTRUMENTS, INC.
BOX 646, W. CALDWELL, N.J. 07006 (201) 226-8450

CIRCLE NO. 19

eliminate costly
color coding ...

use only one color and mark code
or function right on the insulation

You can do this quickly, easily, right in your
own plant with a Kingsley Machine. Send
for samples.

K'ﬂ?H?NESY

850 CAHUENGA - (213)469-7243
HOLLYWOOD, CAL. 90038

CIRCLE NO. 20

You can expect it from MDI
NPO CERAMIC CHIP

Advantages as attested by aurfnmance 1 8
m 3 times the capacitance as in
ordinary NPO ceramic capacitors STANDARD
of monolithic design. PHYSICAL
M Breakdown voltage of 90% of SIZES!
MDV’s 25V capacitors are capable :
of 32 times rated voltage. Delivery
MW Typical temp. coefficient is less from stock

125°C is greater than 1400.

Monolithic—
Dielectrics ....—.:: lrw.
P.O. Box 647, Burbank, Calif. eise& (213) 848-4465

than =20 ppm/°C -55°Cto +125°C. in 2 weeks
W Megohm-microfarad product at or less.

CIRCLE NO. 21

Lamps soldered to PC board
unplug for replacement.

Incredible but true! Hudson T-1% Tu-Pin lamps are
now available with PC board Pin Sockets already
installed. Solder them to the board in the usual way.
When the lamp must be replaced, merely unplug the
lamp, leaving the pin sockets behind firmly soldered
to the PC board and ready to receive a replacement.

Tu-Pin lamps equipped with Pin Sockets are
available in a wide range of electrical specifications
and cost only pennies more. For details, call your

local Hudson Representative or write to Hudson Lamp
Company, 528 Elm Street, Kearny, New Jersey 07032.

R MR R
Imﬁ
N AR S}

CIRCLE NO. 22
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CIRCUIT
DESIGN

AWARD
PROGRAM

UNUSUAL CIRCUITS [] Designed by readers [] For use by
readers [ ] Voted on by readers.

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
annual $1000 U.S. Savings Bond Grand Prize.

VOTE NOW by circling the appropriate number on the
reader inquiry card. Submit your own circuit, too. Mail entries
to Circuit Design Program Editor, EDN/EEE, 270 St. Paul St.,
Denver, CO 80206.

A
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Gated clock generates pulse train
or single pulse

To Vote For This Circuit

Circle 151 T

by J. V. Sastry
Westinghouse Electric
Pittsburgh, Pa.

The circuit shown in Fig. 1 ei-
ther gates a train of full clock
pulses through or it generates a
single output pulse, as required.

When the control line is held
at logic 0, the circuit transmits a
train of complete clock pulses,
beginning with the first clock
pulse that starts to rise after ap-
plication of the gate signal and
ending with the last clock pulse

CONTROL

Fig. 1—With logic 0 on the control line, this gate circuit transmits a train of clock pulses; with
logic 1 it transmits a single pulse.

that starts to rise before the gate
signal falls.

In other words, regardless of
the relative timing of the gate
signal, full clock pulses are al-
ways gated through.

When the control line is held
at logic 1, the circuit transmits
one complete clock pulse after

50

the gate signal rises. Continu-
ance of the gate signal thereafter
is immaterial. To send another
signal pulse, the gate signal
must be removed and reapplied.
(A logic-1 gate signal
sumed.)

In Fig. 2, timing diagrams
show the outputs for various

is as-

combinations of clock and gate
signals.

The circuit uses a total of
seven gates and can be construc-
ted with only two ICs. A working
model has been built using a
Fairchild LPDTuL 9047 (triple
3-input NAND) and a 9046
(quad 2-input NAND). Other

compatible DTL or TTL NAND
gates can be used.

For the circuit mode in which
the control line is held at logic 0,
gate G, provides an additional
output line (with a train of full
clock pulses). | |
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CLOCK MM
GATE —J I-—J ‘———| I—I l—

OUTPUT WITH | | | | ‘ I | | ‘ | | | |
CONTROL =0
OUTPUT WITH | | | | | | |
CONTROL =1

Fig. 2— As can be seen in this timing diagram, full clock pulses are transmitted; if the gate signal falls to logic 0 during a clock
pulse, the remainder of the pulse is still transmitted.

Current-Pulse Generator for LED’s

To Vote For This Circuit
Circle 152

by James Dimitrios
Zenith Radio
Chicago, Il1.

It is often necessary to pulse a
light-emitting diode (LED) with
high peak currents of substan-
tial pulse width with low time-
averaged current drain. For ex-
ample, the resolving power of
some low-light-level (LLL) sys-
tems improves when the scene is
illuminated with high peak
radiation (as contrasted with
constant illumination having
the same time-averaged radiated
power). Also, for portability,
many LLL systems require bat-
tery operation of LED circuitry.
In addition, pulsed operation of

CORE: FERROXCUBE TOROID
266CT125 - 3E3

LEDs is useful in applications
where timing of the radiated
light pulse in relationship to a
cyclic mechanical motion is un-
der study.

The circuit shown in Fig. 1
can generate peak currents in
excess of 1A with pulse widths
greater than 10 msec at repeti-
tion rates of 12 kHz with grea-
ter then 90% efficiency (100-mA
dc current drain from 2.5V dc).
Rise time of the pulses is 0.2
msec.

Circuit action can be described
as follows: Assume Q, is satu-
rated by a current through R,.
The battery voltage is then im-
pressed across the primary in-
ductance, L, with a consequent
linear increase in Q,’s collector
current, I.. The Q, base current,
I,,, rides on a dc level, V/R,, and
is a rectangular pulse of current.
Collector current I, increases
until it reaches B8, (2V/R,), where
B, is the beta of Q,. At this time,

LED
MONSANTO ME5-A

Fig. 1—The LED in the emitter circuit of Q, is subjected to a
train of rectangular current pulses instead of a continuous dc
voltage. Pulsed light is useful in low-light-level TV systems
or for strobing cyclical mechanical equipment.

Q,’s collector voltage starts to
increase from its saturated val-

ue. The base-emitter junction of

Q, becomes back-biased due to
the phase reversal of the trans-
former, and the transistor goes
into the cut-off mode. Pulse
repetition period is determined
by L, R, and B,.

Since the transformer has
stored energy, 1/2LI, and Q, is
switched open at time T, a large
voltage spike develops across
the transformer windings. The
current through R, turns on the
transistor, initiating the next
cycle. The large voltage pulse is
stepped down to drive the base-
emitter junction of Q,. A large
current is needed to saturate Q,
which has the LED in its emit-
ter circuit. (The LED has a dy-
namic impedance of roughly an
ohm.)

Pulse width and rise time are
determined by base current drive
and the saturation and switch-

ing characteristics of the tran-
sistor selected for Q,. The peak
current is of course determined
primarily by the battery voltage
and dynamic impedance of the
LED. Larger battery voltages
will require greater base drive
to Q, to obtain saturation. This,
in turn, will necessitate greater
stored energy in the transformer,
with larger Q, base drive and,
therefore, a larger I, before Q,
switches to the cut-off state.
Fortunately, all this is provided
automatically by the increase in
battery voltage.

As an alternative, the trans-
former feedback winding can be
deleted, and the base of Q, re-
turned to a trigger source which
provides the saturation of Q,
needed to initiate the cycle. Then
the pulse rate of the current
pulse becomes variable—a de-
sirable feature for testing LLL
systems. |

Fig. 2—Typical waveforms at various points in the pulse-
generator circuit. The top waveform shows the rectangular
current pulses through the LED, while the bottom waveform
shows the ramp of current through the transformer primary
which determines pulse-repetition frequency.
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Monolithic-Triad
Current Summer

To Vote For This Circuit
Circle 153

by Walter C. Jung
Forest Hill, Maryland

A simple and economical, yet
high performance summing am-
plifier can be made with a
matched-transistor current-reg-
ulator triad. If a number of audio
signals are summed at the cur-
rent junction of the triad, ex-
cellent isolation between the
various inputs results because
of the circuit’s low dynamic im-
pedance.

In the figure, an RCA CA3018
monolithic four-transistor array
is used as a current-mirror triad
with a low-impedance buffered
output. Resistor R, sets the
reference current I, to 140 uA.
Resistor R, is half R,’s value, to
bias Q, between supply and
ground.

The feedback loop around Q,
and Q, maintains a three-ohm
impedance at Qs emitter in
spite of the relatively low d-c
current of 140 pA. The emitter
of Q, serves as a virtual ground
for scaling resistors R, , through
R, With R, equal to R,, this
results in unity voltage gain and
excellent isolation. Isolation
from one 600() source to an ad-
jacent one is roughly 123 dB.
Voltage gain or greater than one
can easily be obtained by lower-
ing R,,. This modification de-
velops the same modulation cur-
rent in Q, for a smaller input
voltage, thereby producing gain.

The circuit is quite distortion
free, with measured harmonic
distortion less than 0.1 percent,
even at voltage gains up to 50
and with an output swing of 10v
pk-pk. Input resistance equals
R,,. The high output impedance
of 51 k() can be buffered by the
fourth transistor of the array
(Q,). This transistor acts as an
emitter follower. |

HIGH Z
OUTPUT

LOW 2z
OUTPUT

IC array is used as a summing amplifier.

52

NEW,

Ath GENERATION OP AMP

OUTPUT

+V OFFSET ADJUST
OFF-THE-SHELF DELIVERY

Operates at very low power levels without compromising large
signal response or output drive capability.

® Slew Rate — 20V/ us

® Input Offset Voltage — 0.5mV

® Power Dissipation — 2.5mW at =15V

® Open Loop Gain — 2.0 x 106 at R =2K
® [nput Bias Current — 5.0nA

® Power Supply Range — %5.5V to =22V
® Built-in Short Circuit Protection

o Offset Null Capability

® |nternally Compensated

The HA-2700 is available in the T0-99 package at $10.20* (0°C
to +75°C), $16.20* (—25°C to +85°C) and $24.00* (—55°C
to +125°C)

*100 to 999 unit price.

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

P. 0. Box 883, Melbourne, Florida 32901 (305) 727-5430
DISTRIBUTORS: SCHWEBER ELECTRONICS—Metropolitan N.Y. & Connecticut (516) 334-7474, Upstate New York (800)
632-1226, New Jersey (800) 645-7377, Washington/Rockville (301) 881-2970, E. Pennsylvania (800) 645.7377/
HARVEY/R & D ELECTRONICS—Lexington, Mass. (617) 861-9200/SEMICONDUCTOR SPECIALISTS, INC.—Chicago
(312) 279-1000, Detroit (313) 255-0300, Minneapolis (612) 884-8132, Kansas City (816) 452-3900, St. Louis (314)
428-6100, Dallas (214) 358-5211, Indianapolis (317) 243-8271, Pittsburgh (412) 781-8120, Dayton (513) 278-9455/
R. V. WEATHERFORD CO.—Albuquerque (505) 265-6112, Anaheim (714) 547-0891, Dallas (214) 231-6051, Denver
(303) Enterprise 165, Glendale (213) 849-3451, Palo Alto (415) 321-5373, Phoenix (602) 272-7144, Pomona (714)
623-1261, San Diego (714) 278-7400, Seattle (206) 762-4200.
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1CX

IN STOCK
RELIABLE
LOW COST

The Harris family is designed to Solve your problems

When you need to — convert to
binary or decimal codes, convert
voltage to current pulses, interface
with modems, transmit and receive
over a party line, encode a key-
board or restore current pulses to
voltage pulses — Call Harris.

DIGITAL I.C.’s

Keyboard Encoder
Adapt to any Binary code
HD-0165

Line Driver/Receiver
Meets EIA RS-232-C
Interface specification
HD-1488, HD-1489

Party Line Transmitter/Receiver
Compatible with DTL
and TTL Logic
HA-245, HA-246

Diode Matrix
Easily customized to
specific pattern
7 configurations

When you need to —amplify, buffer,
compare, multiplex, convert D to
A or anything else in analog signal
processing — Call Harris.

LINEAR L.C.'s

Op Amp
General Purpose/
Low Power
HA-2700
Wide Band
HA-2620, HA-2625
High Slew Rate
HA-2500, HA-2510, HA-2520
Low Noise
HA-2909
High Impedance
HA-2600

8-Bit D/A Converter
Monolithic/Guaranteed Accuracy
HI-1080

10-Bit Ladder Network
Low Cost, High Accuracy
HI-0910, HI-1010

16-Channel Multiplexer
J-FET/Bipolar
HS-1000

4 == .- .-----"

P. 0. Box 883, Melbourne, Florida 32901
Please send me more information on the
Harris Off-the-shelf 1.C.’s checked below.

[] Memories
[ ] Linear Circuits
[] Digital Circuits

NAME TITLE

ADDRESS

When you need to— convert a code,
microprogram a computer, store
information and recover it quickly
— Call Harris.

MEMORY L.C.'s

64 x 8 PRAM
Field Programmable
HROM-0512

256 x 1 PRGM ™
Field Programmable
Very high speed
HROM-1256

16-Bit RAM
High speed
HRAM-0016

64-Bit RAM

High speed, fully decoded
HRAM-0064

HARRIS
SEMICONDUCTOR

A DIVISION OF HARRIS-INTERTYPE CORPORATION

DISTRIBUTORS: HARVEY /R & D ELECTRONICS—Lexington, Mass. (617)
861-9200/ R. V. WEATHERFORD CO.—Albuquerque (505) 265-6112, Ana-
heim (714) 547-0891, Dallas (214) 231-6051, Denver (303) Enterprise
165, Glendale (213) 849-3451, Palo Alto (415) 321-5373, Phoenix (602)
272-7144, Pomona (714) 623-1261, San Diego (714) 278-7400, Seattle
(206) 762-4200/SEMICONDUCTOR SPECIALISTS INC. — Chicago (312)
279-1000, Detroit (313) 255-0300, Minneapolis (612) 884-8132, Kansas
City (816) 452-3900, St. Louis (314) 428-6100, Dallas (214) 358-5211,

CITY STATE ZIP

©
PHONE
' y

AdAEEEEEEEEEER

(317) 243-8271, Pittsburgh (412) 781-8120, Dayton (513)
278-9455.

SALES OFFICES: P. 0. Box 883, Melbourne, Florida 32901
(305) 727-5430/Lexington, Massachusetts (617) 237-5430/Frederick,
Maryland (301) 662-5400/Palos Heights, Illinois (312) 448-9110/Al-
buquerque, New Mexico (505) 268-3549/Palo Alto, California (415)
321-2280/Dallas, Texas (214) 231-9031/Long Beach, California (213)
426-7687/Norwalk, Connecticut (203) 853-3646/EXPORT SALES, DAGE
CORPORATION, STAMFORD, CONNECTICUT.

RADIATION MICROELECTRONICS HAS CHANGED TS NAME 10 HARRIS SEMICONDUCTOR

CIRCLE NO. 23
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More Competitors for “Wnre-Wrap”

PROGRESS IN
PACKAGING
Three radically different PC processes are
vying with each other to put a crimp in
Gardner-Denver’s “Wire-Wrap” business.
Photocircuits, a long-time PC manufac-
turer, has developed its “Multiwire” pro-
cess, and Infobond, a newcomer to PC
manufacturing, has come up with still
another system. In addition, two Cali-
fornia firms, Microtechnology and Accra-
Point Arrays Corp. (APAC), are using a
stitch-wiring process. (“Stitch Wire” is
APAC’s trade name.) The new systems use
from one to six numerically-controlled
wiring heads to feed insulated wire to a
similar number of boards.

None of the new systems requires the
preliminary artwork needed for a “Wire-
Wrapped” PC, and three of the four sys-
tems don’t require costly DIP sockets.
APAC’s process requires an inexpensive
DIP socket called a “DIP-CLIP”. All the
new systems claim higher wiring density,
quicker turnaround time and lower cost
per connection than is possible in the
“Wire-Wrap” process.

In the “Multiwire”, Infobond or “Stitch-
Wired” processes, the only information
needed to start a job is a “from/to” wiring
list and a drawing showing placement of
DIP ICs. This information is digitized and
converted to a punched-tape format. This
tape, in turn, programs a single-head (AP-
AC), 2-head (Microtechnology), 4-head
(“Multiwire”) or 6-head (Infobond) wiring
machine. From then on the systems be-
come dissimilar, with the “Multiwire”
method producing a grid of insulated wires
on one side of an adhesive-coated card, the
Infobond method soldering a network of
insulated wires to pads on a universal PC
card and the APAC and Microtechnology
methods cold-welding a network of in-
sulated wires to a matrix of pins on a glass-
epoxy card.

Photocircuits’ “Multiwire”

In the “Multiwire” process, four glass-
epoxy boards are coated on one side with
an adhesive layer about 5 mils thick. The
opposite sides of the boards usually have
standard PC plating for power lines, DIP
or component leads, grounds and connec-
tor fingers.

First step in this process is to “write” a
grid of 7-mil polyimide-insulated wire over
the adhesive-coated sides. Four special
wiring heads (each having an ultrasonic
pressure foot, cutter and wire feeder) se-
quentially feed the wire, press the wire
into the adhesive, heat the adhesive to en-
sure its stickiness and cut the wire if
necessary.

When wiring is completed, each in-
dividual board is heat-treated to insure
that the entire wire matrix is embedded
in the adhesive. Holes are then drilled
through the printed side of the board and
plated with copper to complete the inter-
connection. Photocircuits also makes units
with embedded wire grids on both sides of
a board.

Infobond’'s Boards

Infobond’s process has a special univer-
sal PC board as a starting point. One side
of the PC has a series of pretinned pads to
accept 14-pin DIP ICs whose leads must be
preformed to an L-shape (with the L ends
pointing away from the DIP). The other
side has more pretinned pads which are
used for automatic wiring. The DIP pads
and wiring pads are connected by plated-
through holes whose sole purpose is to act
as interconnects. Six of these cards, with
the wiring side up, are slipped onto the
wiring-machine table and fixed in a jig.

Polyurethane-insulated copper wire (38
AWG) is fed through compression-bonding
tips on each of six stationary heads. The
table, under numerical control, moves the

Fig. 1—Wired side of a Photocircuits
“Multiwire” board, showing the grid-like
structure embedded in adhesive. This
particular board is equivalent to a 3-
layer PC.

Fig. 2—The back of a board wired by the Infobond process. AII wires are connected to
pretinned pads in this socketless construction.
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heads into contact with the bonding pads
on the boards. Then all six wires are sol-
dered —simultaneously — through the in-
sulation. A blast of air cools the bonds
quickly. Automatically, all connections
are tested for mechanical strength and
electrical continuity. If everything checks,
the table moves to the next wiring posi-
tion. After all wiring is finished, all bonds
are checked for shorts and opens. DIP ICs
are then flow-soldered to the opposite side.
Each completed board’s logic functions are
checked by a minicomputer-controlled
automatic tester before shipping.

Welding the Wires

In the “Stitch-Wire” process, a matrix of
gold-plated steel pins are staked into a
glass-epoxy board. The pins are 0.050
inches in diam and are from 0.200 to 0.450
inches long. Each pin has a 0.020-inch
head that rests against the wire side of the
board and serves as a welding terminal.
The remainder of the pin serves as a DIP
or component terminal on the other side of
the card. This basic card is used in either
Microtechnology’s dual-head or APAC’s
single-head numerically controlled sys-
tems.

A programmed head feeds “Teflon”-
insulated nickel wire (AWG 30) to the ma-
trix of pins. The welding head then cold-
flows through the “Teflon” coating and
resistance welds the wire to a terminal.
The head then proceeds to wire and weld
according to its taped program.

Even though Microtechnology and

Fig. 3—“DIP-CLIPs" mount 14-pin DIPs to the pin matrix of an
APAC “‘Stitch-Wired" board.

APAC do wire stitching identically, they
differ in their DIP-mounting methods.
Microtechnology uses the dead-bug ap-
proach where a DIP is mounted with its
leads up and is soldered to the matrix of
pins. APAC also mounts DIPs in the dead-
bug position but eliminates soldering with
a special socket called a “DIP-CLIP”. This
unit is simply a 0.085-inch-thick piece of
nylon with two rows of holes with DIP
spacing. The inverted IC is first inserted
into the “DIP-CLIP” and the combination
is forced down over the appropriate
pins. These sockets cost $0.17 in large
quantities.

Making Repairs

Infobond claims a DIP IC can be changed
in “only about a minute”. However, this
repair needs a special $425 tool kit. The
same kit (cutter, wire feeder and special
iron) can also be used to make wiring
changes or repairs on the wired side of an
Infobond board. The wired side of a “Stitch-
Wired” board can be repaired easily with
an ordinary soldering iron. APAC’s "DIP-
CLIP” socket makes it simple to change a
DIP on its board, but Microtechnology’s
soldered dead-bug ICs or Photocircuits’
conventionally —soldered ICs won’t be
quite as easy to remove. However, sol-
dered or welded pin connections are in-
herently more reliable than any socket-
pin connection, expecially if shock and
vibrations are a problem.

All of the processes have one thing in
common with “Wire-Wrap”. Two and one-

‘Progress
in

half to three 14-pin DIPs can be packaged
per square inch no matter whose process is
used. Where the new processes shine is in
volumetric efficiency. APAC, for instance,
says that it can package five DIPs per cu-
bic inch to “Wire-Wrap’s” two and one-
half DIPs per cubic inch. Also, because of
the use of insulated wire in all the new
processes, wiring densities equal to those
of multilayer boards are possible.

Infobond furnishes a fully-tested circuit,
Microtechnology and APAC furnish un-
tested boards with all components already
mounted and Photocircuits supplies a
wired, componentless board. Photocircuits,
APAC and Microtechnology deliver their
boards within 2 to 3 weeks while Infobond
delivers in 5 to 6 days.

Photocircuits prices its process at about
$0.10 per wired connection. Microtech-
nology’s cost is about $0.075 per connec-
tion and APAC charges about $0.07 per
connection. Infobond says merely that its
process is competitive with the cost of
automated “Wire-Wrap”.

Photocircuits Corp., 31 Sea CIiff Ave.,
Glen Cove, NY 11542. 194

Infobond Corp., 21 North Ave., Burling-
ton, MA 01803. 195

Microtechnology, Div. of Sterling Scien-
tific Industries, 5388 Sterling Center Dr.,
Westlake Village, CA 91360. 196

Accra-Point Arrays Corp., 2005 S. Rit-
chey St., Santa Ana, CA 92705. 197

Gardner-Denver Co., Gardner Express-
way, Quincy, IL 62301.

198

Fig. 4—Front and back views of a Microtechnology “Stitch-

Wired” board. Note the dead-bug method of mounting DIP ICs.
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Flexible Film Extends Pot Life

PROGRESS IN
PRECISION POTENTIOMETERS

Infinite-resolution precision potenti-
ometers of the nonwirewound variety
usually take the form of bulk-type
conductive plastic elements, flat-track
units, or the new flexible resistive
film patented by New England In-
struments. Recent comparative tests
run at NEI show that flexible film has
significant advantages with regard to
output smoothness and operational
life (when operated in a dither mode).

Dither is a controlled amplitude and
frequency force applied to a servomo-
tor driven device so that it is con-
stantly in small amplitude motion,
thus preventing sticking at its null
position. Output smoothness includes
the effects of contact resistance varia-
tions, resolution, and other micro-
nonlinearities in the output. Short-
term linearity error is the limiting
factor for achieving overall linearities
below 0.01% in single turn poten-
tiometers of 1-inch diam or less.

Manufacturers of nonwirewound
precision pots will often machine trim
a portion of the resistive track to
make the electrical output more close-
ly approach desired output charac-
teristics. However, because the short-
term linearity errors are confined to
angles of less than 1°, it is impossible
to trim each peak without adversely
affecting the overall linearity. It is
possible to minimize the short-term
linearity errors by laser trimming
when automatic trimming devices are
employed.

Fig. 1 shows a typical bulk plastic
pot used in the test. It was trimmed to
produce an overall linearity of less
than +0.05%. Fig. 2 shows some flat-
track units both linear and nonlinear.
Flat track units should satisfy most
applications short of the most strin-
gent requirements where life in ex-
cess of 100 million dithers is required.
Ilustrated in Fig.3 are a few of the
forms and shapes that can be created
using NEI “Resistofilm.” Its advan-
tages over other types of material

used for infinite resolution pots in-
clude excellent linearity as manu-
factured (0.25%), output smoothness,
and its ability to resist the effects of
wiper dither. Shown in the table are
results of these tests performed on
1.5/16-inch pots of comparable re-
sistance values.

NEI has taken a material approach
to prolong life of infinite resolution
precision pots and with apparent suc-

cess. An alternate mechanical de-
sign approach was described in EDN
May 1, 1971, “Potentiometer Has No
Brushes or Wipers.” The specific goal
in this design was also to improve
dither life and it, too, appeared to be
successful although life testing was
not as extensive as that done by New
England Instruments. New England
Instrument Co., 14 Kendall Lane,
Natick, MA 01760. 199

Fig. 1
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Electrostatic printing tube produces charac-
ter images on a dielectric coated paper. A
matrix of fine wires (62,500 wires/square
inch) replaces the usual phosphor screen.
As the electron beam strikes the wires,
the resultant current generates an elec-

trostatic pattern or a latent image made |

visible by developing the paper. GTE
Sylvania Inc., 730 Third Ave., New York,
NY 10017. 200

Time-code generator, K35402 Series, pro-
duces either IRIG Format A or B in both
modulated and dc level shift form. An in-
tegral 7-segment LED display on the front
panel indicates a time range of 24 hours,
minutes and seconds. Unit dimensions
are 0.94 by 6.25 by 9.43 inches. The A. W.
Haydon Co., 232 N. Elm St., Waterbury,
CT 06720. 201

Transmission cable assemblies are specif-
ically designed to interface with IBM Sys-
tem/360 back planes. Assemblies consist
of PTFE insulated round conductor flat
cable terminated to a socket connector via
a printed-circuit board. Three standard
units are being produced: 20-, 22- and 10-
signal assemblies. W. L. Gore and Associ-
ates, Inc., 555 Paper Mill Rd., Newark, DE
19711. 202

Keyhoard test set enables keyboard manu-
facturers and users to checkout encoded
keyboards by simply plugging them into
the set. Appropriate code (ASC II or
EBCDIC), positive/negative logic, odd/
even parity and input function modes
(TTL or MOS) are all selected by front-
panel switches. Unit is not limited to key-
board testing. Maxi-Switch Co., 3121
Washington Ave. N., Minneapolis, MN
55411. 203

Magnetic tape cartridge transport fea-
tures simplified loading and uses a design
that eliminates the need for a pressure
pad thus reducing torque losses. The tape
contained in a cartridge is wound on co-
axial reels which are held under constant
torque. The cartridge case also contains a
pinch roller. Digitronics Corp., Albertson,
NY 11507. 204

Portable magnetic tape recorder, Model
DTU-250, is a bit-serial system that has a
track capacity of 2.4 Mbits on 250 ft of
1/4-inch computer grade tape. Unit di-
mensions, complete with electronics for
either two tracks or write/read or four
tracks write or read, are 8 by 5 by 3.5
inches. Weight is 6 1b including the tape.
Circuit Systems Corp., 816 E. Edna Place,
Covina, CA 91722. 205

Disc drive, Model 230, is pack interchange-
able with the IBM 3330. The unit consists
of two separate and independent drives.
Total on-line capacity using IBM format is
200 million bytes (100 million bytes/
drive). It can be configured in a system
with 2, 4, 6 or 8 spindles, providing up to
800 million bytes total capacity. Century
Data Systems, Inc., 1270 N. Kraemer
Blvd., Anaheim, CA 92806. 206

\\\\\\w\\\\\\\\§3\\\\

MOS keyboards employ a metal mounting
panel to support “Snap-Lock” data keys
and protect the PC board from operating
stresses. Available optional features in-
clude: ASCII coding, custom coding, multi-
key rollover, interlock, 4-mode shifting,
delayed strobe and odd/even parity. Elec-
trol, Inc., 26477 N. Golden Valley Rd.,
Saugus, CA 91350. 207

Twelve-button, alpha-numeric touch call-
ing keyset has a one-transistor oscillator
that generates all tone frequencies. Two
variable tank circuits provide a “low”
group of four frequencies and a “high”
group of three. Different combinations of
tone frequencies encode each of ten digits
and two control symbols. GTE Automatic
Electric Inc., Northlake, IL 60164. 208
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Computer Products

Memory power supply offers a combination
of output voltages to 50V dc with crowbar
overvoltage protection. Unit dimensions
are 9 by 4 by 4 inches. Arnold Magnetics
Corp., 11520 W. Jefferson Blvd., Culver
City, CA 90230. 209

Magnetic tape formatter contains either
two NRZI formatters and a computer
adapter board, or one NRZI and one phase-
encoded formatter. Unit provides logic for
reading and writing IBM-compatible 1600
cpi magnetic tape. Wang Computer Prod-
ucts, Inc., 2000 Stoner Ave., Los Angeles,
CA 90025. 210

Magnetic tape transport operates at 45
inches/sec and is an addition to the 100X
Series, IBM-compatible tape transports.
Other features include seven- and nine-
track configurations and 1600-bpi record-
ing density. Cipher Data Products, 7655
Convoy Ct., San Diego, CA 92111. 211

Fully-buffered CRT terminal/tape cassette
system, 2000+, features “dual” tape
drives (cassette), paper tape emulation and
on/off line data storage and retrieval capa-
bilities. Hazeltine Corp., Little Nec, NY
11362. 212

Core handler, Model CH-25R, meets the
need for low-cost testing of cores (12 to 80
mil O.D.). It features 100% A.Q.L. testing
from 0 to 65°C. Ramsey Engineering Co.,
1853 W. County Rd. C, St. Paul, MN 55113.

213

Minicomputer Alpha 16 sells for $3550
with 1600-nsec cycle time, 4k core mem-
ory, hardware multiply/divide, three di-
rect memory channels and three vectored
priority interrupts. Computer Automa-
tion, Inc., 895 W. 16th St., Newport Beach,
CA 92660. 214

Modem 4800/?2 operates at 7200 bps,
provides 4800 bps data at low error rates
and features an optional forward error
correction. Multiport capability is also
available. International Communications
Corp., 7620 N. W. 36th Ave., Miami, FL
33147. 215

Programmable video display terminal
couples a small computer with an input
keyboard and a 14-inch CRT monitor. The
computer element (microprocessor) has
a 4096 8-bit byte semiconductor memory
expandable to a memory 16 times as large.
Raytheon Data Systems Co., 1415 Boston-
Providence Turnpike, Norwood, MA 02062.

216

Decoder, Series 745, converts BCD to an
output that will drive a solid-state read-
out display (7-segment). Price is $5.95 for
1 to 9 quantities. Dialight Corp., 60 Stew-
art Ave., Brooklyn, NY 11237. 217

Desk-top calculator NCR 18-03 has 12-
digit capacity and a drum printer for out-
put. Price for the 17.5-1b machine is $795.
The National Cash Register Co., Dayton,
OH 45409. 218

Printed circuit boards called “Castlecards”
come in 4.5- by 6.25-inch standard rank
mounting widths containing 16- to 36-DIP
packages in any combination. Castle Rock
Designs, Box 1437, Santa Cruz, CA 95060.

219

Punched card reader C-10 interfaces with
most keyboard terminals. Transmission
speed is 10 cps. Cards are read serially.
Tally Corp., 8301 South 180th St., Kent,
WA 98103. 220

250 KVA PLATE
TRANSFORMER
3-PHASE

60 CYCLE

POWER
TRANSFORMER
MIL-T-27
GRADE 4

FILTER
REACTOR

Peerless wears
17 new hats

It's possible that since the last time you saw the
full line of transformers and power supplies by
Peerless, the line has been increased by 17 or 27 or
even 57 new products. Peerless is always pushing
to fill your needs, with the industry’s finest custom
designs and quality manufacturing. Ask for the
Peerless catalog from Bob Wolpert at the address
below or phone. Peerless is listed in QPL 27.

MINIATURIZED
400 CYCLE
TRANSFORMERS
MIL-T-27A

PLATE SUPPLY
TRANSFORMER
3-PHASE

POWER
TRANSFORMER
3-PHASE
MIL-T-27
GRADE 5

PEERLESS

ELECTRICAL PRODUCTS
A Quality Company of LTV Ling Altec, Inc.

1515 SOUTH MANCHESTER AVENUE, DEPT. WEN 7
ANAHEIM, CALIFORNIA / PHONE: (714) 774-2100

CIRCLE NO. 24

60 CYCLE-7.5 KVA
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Cable and termination shielding system
consists of a conductive coated, polyolefin-
based heat shrinkable boot, re-accessible
Zippertubing and shrink-jacketing ma-
terial. The system provides 360° shielding
and the boots shrink rapidly under appli-
cation of 275 to 310°F heat. The Zipper-
tubing Co., 13000 S. Broadway, Los An-
geles, CA 90061. 221

Microminiature multipin connectors, called
“Combomate”, operate from dc to 2.3 GHz
with VSWR between 1.01 and 1.10. Units
are available to handle up to 17 RG-196A/
U or RG-178B/U coax cables. Mixed coax
and standard wire layouts are also avail-
able. Microdot, Inc., Connector Div., 220
Pasadena Ave., South Pasadena, CA
91030. 224

Push-button rotary switches are micro-
miniature, available in unidirectional and
bidirectional models and are priced at $4
up. Models are offered with 8, 10, 12, or 16
positions in all standard codes. Options
include RF shielding, lighted or unlighted
digit positions and a bezel mount. Janco
Corp., 3111 Winona Ave., Burbank, CA
91504. 227

Flexible fiberscope permits viewing in any
3/8-inch-plus opening, and has built-in 7X
magnifying eyepiece that focuses from
<1/2 inch from the subject to infinity.
Length is 18 inches and it contains over
4000 coherent glass fibers protected by
semirigid sheathing. Price for Stock No.
60,857 is $40 each. Edmund Scientific Co.,
380 Edscorp Bldg., Barrington, N J 08007.

222
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High density “plugboards” for DIPs and
discrete components accommodate any
component with lead spacing on a 0.1-inch
multiple. Boards are made from FR-4 or
FL-PH glass epoxy, or FR2 phenolic in
either 4-1/2- by 6-1/2-inch or 2.73- by
4.5-inch size. Numerous accessories and
contacts are offered. Price ranges from $6
to $8 each, depending on type. Vector
Electronic Co., Inc., 12460 Gladstone Ave.,
Sylmar, CA 91342, 223

Modular interconnecting blocks with snap-
lock features provide highly flexible
mounting for daughter boards. They are
available as 4-, 6-, or 8-position end blocks
or as 6-position center blocks with preas-
sembled spring contacts. Current rating is
7A and insulation resistance is 5000 MQ
minimum. Berg Electronics, Inc.,, York
Expressway, New Cumberland, PA 17070.

225
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Thermal wire strippers, Model PM 1056,
permit the operator to sever and remove
the insulation slug in one combined opera-
tion without nicking the wire. Model PM
1056D strips all thermoplastic insulation
in sizes from No. 12 to No. 36 without ad-
justment. Model PM 1056H is similar, but
for use with “Kapton” insulation and from
No. 20 to No. 36 AWG wire. Pioneer Mag-
netics Inc., 1745 Berkeley St., Santa
Monica, CA 90404. 226

Bonding liquid that sets up quickly at room
temperatures requires no heat or pressure
treatments. “Zipbond” is impervious to
most chemicals, weather conditions and
temperatures, and its bonding strength is
not affected by most solvents. It is easy to
apply from the 1 oz squeeze applicator bot-
tle or a production-line dispenser. Tescom
Corp., Instrument Div., 2633 S.E. 4th St.,
Minneapolis, MN 55414. 228

Fiber-optic readout has 0.475-inch high
Arabic characters and provides nonam-
biguous reliability by using only one
lamp/character. Because of the one-lamp/
character design, the FRO Series readouts
require only 100 mW power/character yet
can be housed in a 0.66- by 0.46- by 0.162-
inch space. Price is $10 each in quantities
of 1000. Shelly Associates, Inc., 1562
Reynolds Ave., Santa Ana, CA 92711. 229
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Components/Materials

Thermal cut-off provides back-up protec-
tion against appliance overheating. Units
are available for more than 20 tempera-
ture ranges between 58 and 242°C. Upon
overheat, a thermal pellet melts within a
temperature limit of =3°F, providing posi-
tive circuit break. 3M Co., 3M Center, St.
Paul, MN 55101. 230

Hybrid relay in a hermetically sealed TO5?
can has self-contained transistor driver
and suppression diode, permitting relay
control by microwatts rather than milli-
watts. General Electric Co., Data Com-
munication Products Dept., Waynesboro,
VA 22980. 231

Reed switches for keyboard (low-level) ap-
plications have special plating for stable
contact resistance at low level loads. The
MARK-3 and MARK-4 are both Form A,
SPST switches with maximum diameter
of 0.105 inch. Current rating is 10 mA
maximum. Price is $0.35 and $0.40 each,
respectively, in 1000 lots. Hamlin, Inc.,
Lake and Grove Sts.,, Lake Mills, WI
53551. 232

DC gear motor with speeds from 0.5 to 400
rpm and torque to approximately 50 lb-
inches, Series 140R, operates from 12V dec.
Start-up current is from 1.75 to 4.5A for
standard models. Brevel Products Corp.,
Broad & 16th Sts., Carlstadt, N J 07072.

233

Large-cavity DIP packages for 24- to 42-
lead devices have 0.28- by 0.28-inch cavity
for use with either bi-polar or MOS de-
vices. Price for 40-pin version including
lid and preform is $2.20 in 100 lots or $2
in 1000 lots. Dielectric Systems Inc., 3422
Tripp Ct., Sorrento Valley, San Diego, CA
92121. 234

Low-cost attenuators offer up to 20 dB at-
tenuation with 1W input power at prices
that start at $12. Model L Series for dc to
2 GHz, and Model HF for 2 to 10 GHz,
comprise the line. Weinschel Engineering,
Box 577, Gaithersburg, MD 20760. 235

Precision 10-turn potentiometer uses a
hybrid resistance element that provides
0.015% output smoothness. Model 8136
has diameter of 7/8 inch, offers 5-million-
revolution life expectancy and is priced at
$6.50 each. Helipot Div., Beckman In-
struments, Inc., 2500 Harbor Blvd., Ful-
lerton, CA 92634. 236

Monochrome CRT for display use in data
processing has a 4- by 5-inch screen. Model
Y-4064 provides 0.007-inch resolution line
width at a price of $35 each in quantities
of 100. General Electric Co., Product In-
quiries, Rm. 309, Nolan Bldg., 2100 Gar-
diner Lane, Louisville, KY 40205. 237

Electrolytic capacitors with unidirectional
mount, Series R, for use between —25 and
+85°C are available with capacitance from
0.47 to 1000 wF and working voltages from
6.3 to 50V dc. Illinois Elna Electronics
Co., Dept. EDN, 1607 W. Howard St.,
Chicago, IL 60626. 238

TO-3 power-transistor socket has a collec-
tor/strip lug with 6-20 mounting threads
and comes with color-coded body to accom-
modate chassis thicknesses of 0.03, 0.045
and 0.09 inch. Standard contact material
is spring brass, cadmium plate but phos-
phor bronze or beryllium copper contacts
with special plating are available. Key-
stone Electronics Corp., 49 Bleecker St.,
New York, NY 10012. 239

Low-cost snap-in switches with mimimum
electrical life of 100,000 cycles at fully
rated inductive load are U.L. and C.S.A.
listed. Ratings up to 10A 250V ac, 15A
125V ac or 3/4 hp are available. Carling-
switch, 505 New Park Ave., West Hart-
ford, CT 06110. 240

Castable high-alumina ceramic that cures
in 60 min at room temperature, RTC-60, is
an all-purpose material that is low cost
and has fast curing and high strength for
all high-temperature applications. A trial
evaluation kit is available at $15. Co-
tronics Corp., 37 W. 39th St., New York,
NY 10018. 241

Flexible conetic cable sheath attenuates
magnetic fields, providing protection
against both pickup and radiation. Test
sample and further information are avail-
able on letterhead request. Magnetic
Shield Div., Perfection Mica Co., 740
Thomas Dr., Bensenville, IL 60106.

Pressure transducer, Model AF, features a
5V signal level and is unaffected by ex-
citation voltage changes from 22 to 32V.
Factory-set pressure ranges are available
from 5 to 20,000 psi. Price in small quanti-
ties is $250 each. Tyco Instrument Div.,
223 Crescent St., Waltham, MA 02154.

242

Fiber-optics readout, Model 905, features
miniature plug-in lamps that operate on
5V at 20 mA. Lamp life rating is 40,000
hrs at nominal voltage. The seven-seg-
ment characters are 0.42-inch high. Price
is about $18 each in production quantities.
Master Specialties Co., 1640 Monrovia,
Costa Mesa, CA 92627. 243

Cable and wire ties in a permanent-instal-
lation strap type or in beaded-chain wire
tie that can be refastened for repair—as
well as cable clamps, comprise the “Fas-
traps” product line. Grayhill, Inc., 555
Hillgrove Ave., La Grange, IL 60525.
244

Material for extruding conductive gaskets
for RF shielding is a one-part, vinyl rub-
ber composition containing silver particles.
Eccoshield SV-C can be cured by heating
at temperatures as low as 325°F for 1 hr,
and when fully cured has volume resis-
tivity of 0.001Q-cm. Gaskets can be ex-
truded by caulking gun or syringe. Price
is $44/lb. Emerson & Cuming, Inc., Can-
ton, MA 02021. 245

Polyester drafting film is anti-static and
erases cleanly. Clear inking, single-matte
and double-matte finishes are available in
a variety of sizes and thicknesses. Bishop
Graphics, Inc., 7300 Radford Ave., North
Hollywood, CA 91605. 246

Solid tantalum polar capacitors are offered
in a 0.05- by 0.04- by 0.1-inch (maximum)
package. Capacitance range is 0.0047 uF/
20V through 0.47 pF/2V at 5, 10 and 20%
tolerance. Price is as low as $0.50 each
in 1000 quantities. Dickson Electronics
Corp., Box 1390, Scottsdale, AZ 85252. 247

Industrial adhesive bonds such plastics as
nylon, PVC, etched “Teflon”, acrylics and
others to themselves and metal. The “Ura-
lane 8089-A/B” material has shelf life of 1
year in unopened containers. Furane Plas-
tics, Inc., 5121 San Fernando Rd. West,
Los Angeles, CA 90039. 248

Bandpass filters for IF and RF applications
feature extremely low time domain spurs
—=30 dB ringing levels for impulse and
step excitation. The FBA/1L Series fil-
ters use a helical-toroid resonator with
superior temperature stability and high Q.
I-TEL, Inc., 10504 Wheatley St., Kensing-
ton, MD 20795. 249
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Circuits

Oneshot power pulser switches high power
loads for a precisely timed interval when
triggered by a logic level input. The PIC
400/401 pulser handles up to 8A at 60V for
interval that can be preset from 500 usec
to 50 msec with 1% tolerance. Price is $8
each in 100 lots. Unitrode Corp., 580
Pleasant St., Watertown, MA 02172. 250

Repairable A/D converters of the ADC700
Series convert 12 binary bits in 6.5 usec
and 8 binary bits in 3.5 wsec, with ac-
curacy up to 0.025% of full range and
stability to =10 PPM/°C T.C. There are
six models in the series, and prices start
at $375 each. Phoenix Data, Inc., 3384 W.
Osborn Rd., Phoenix, AZ 85017. 251

Power supplies, Model P2.12.200 and

P2.15.200, provide dual regulated outputs
of £12 and =15V respectively at 200 mA.
Operating from 105 to 125V input, they
provide 0.01% regulation. Case size is 3.5
by 2.5 by 1.25 inches. Price in single lots
is $75. Semiconductor Circuits, Inc., 163
253

Merrimac St., Woburn, MA 01801.

Track and hold module provides gain of 1,
accuracy of 0.01% in sample mode and
frequency response of 5 kHz. Input and
output rating is =10V, with 10 m() input
impedance and 0.05() output impedance.
Price of the model 1506 in single lots is
$125. GPS Corp., 14 Burr St., Framing-
ham, MA 01701. 254

EXTERNA! el [ T\ ORK

EXTERNA

COMPENSAT
CHOPPER CAPACIT(
=5 _se

Noninverting chopper amplifier, Model
3480, features input impedance to 10°Q,
voltage drift of 0.1 ©V/°C and input noise
of 0.4 uV pk-pk. Unit-quantity price for
the +0.3 uV/°C “J” version is $49 and for
the 0.1 wV/°C “K” version it is $64. Burr-
Brown Research Corp., International Air-
port Industrial Park, Tucson, AZ 85706.

256

Liquid crystal displays that require only
microwatts of power maintain excellent
brightness and contrast under high am-
bient light conditions. Operation is from
15 to 60V at temperatures from 0 to 50°C
and with minimum life of 10,000 hrs.
Optel Corp., Box 2215, Princeton, N J
08540. 257

New mixer kit for the HP Model 8551B/
851B spectrum analyzer increases its
sensitivity by 6 dB, suppresses spurious
responses an additional 15 to 30 dB and
extends the low frequency range of the
analyzer from 10.1 MHz to 200 kHz. It
also improves flatness and cuts mixer
burn-outs. Model M1F mixer kit installs
in 5 min without altering the analyzer.
Price is $275. Relcom, 2329 Charleston
Rd., Mountain View, CA 94040. 252

62

“Optimized 741s” are offered in seven
models: high-performance, low-drift Model
1319 at $6, wideband, high-input-imped-
ance Model 1321 at $15, high-slew-rate
Model 1322 at $20, micropower general-
purpose Model 1323 at $15, economy Mod-
el 1339 at $4, low-bias-current Model 1413
at $10 and general-purpose FET-input
Model 1420 at $19. All are pin-for-pin re-
placements for 741s. Teledyne Philbrick,
Allied Dr. at Rte. 128, Dedham, MA
02026. 255

Solid-state switch <1/2-inch long, is based
on a Hall-effect chip. The 2SS Series op-
erates at speeds up to 10,000 operations/
sec in temperatures from —40 to +70°C.
Recommended supply voltage is 4.9 to
5.25V dc, and supply current is 15 mA
maximum. Output voltage is 2.9V dc in
the “on” state and 0.3V maximum in the
“off” state. Micro Switch, Div. of Honey-
well Inc., 11 W. Spring St., Freeport, IL
61032. 258
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New SC's

MOS dynamic random-access memory
2508NX is a 1024-bit, four-phase unit
with minimum read/write cycle time of
460 nsec, typical read access time of 330
nsec and cell refresh time of 2 msec. Power
dissipation is 100 uW/bit at a 500-nsec
cycle time, and price in lots of 100 to 999,
is $30.75 each. Signetics Corp., 811 E.
Arques Ave., Sunnyvale, CA 94086. 259

Four-bit arithmetic logic unit Am9340 fea-
tures an internal carry look-ahead sys-
tem. The unit operates over 4-bit word
lengths at speeds of 20 and 25 nsec for ad-
dition and subtraction. In the 100-up mix
quantity, prices range from $12 to $28
each depending on package and tempera-
ture range. Advanced Micro Devices Inc.,
901 Thompson Pl., Sunnyvale, CA 94086.

260
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Random-access memory (RAM) 3101A is a
64-bit bipolar unit that offers faster access
than any other memory on the market to-
day. Using Schottky clamped bipolar
transistors, address-to-output access time
is 35 nsec max, and chip-select-to-output
time is 17 nsec max. The unit is organized
as 16 words of 4 bits each and in lots of 100
items, is priced at $9 (silicone plastic DIP)
and $11.25 (ceramic DIP). Intel Corp.,
365 Middlefield Rd., Mountain View, CA
94040. 261
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TC voltage reference diodes, MRD821-9
and MRD921-9, are 6.2V devices operating
at 7.5- and 2-mA currents, respectively.
These units are designed for hybrid and
other high density package applications,
and offer noise output typically less than 1
wV. CODI Semiconductor, Div. of Comput-
er Diode Corp., Pollitt Dr. S., Fairlawn,
N J 07410. 262

Linear amplifier ICL8017 is the fastest IC
linear amplifier available with a slew rate
of 130V/usec, a 10-MHz bandwidth, 2-
MHz full power output, 50-nA input cur-
rent and short circuit protection. In lots of
100 to 999, prices are $14 (military) and
$10 (industrial). Intersil, Inc., 10900 N.
Tantau Ave., Cupertino, CA 95014. 263

Optically-coupled isolators include the
TIXL111 that features an input-to-output
voltage of +=1.5 kV and is DTL/TTL com-
patible. The other, the TIXL112, has a
+500V isolation rating and is industry’s
lowest-priced coupler. Units combine a
gallium-arsenide LED with a high-gain
phototransistor. In lots of 100 to 999, prices
are $3.35 each (111) and $1.70 each (112).
Texas Instruments Incorporated, Inquiry
Answering Service, Box 5012, M/S 308,
Dallas, TX 75222. 264

DO-? VVC
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E700 MICROWAVE
VARACTORS

High Q tuning varactors, IN5139-48, IN-
5441-56 and IN5461-76, are now avail-
able in the DO-7 package. These units
come in 20%, 10%, 5%, 2% and 1% toler-
ance ranges, with capacitance values that
range from 6.8 to 100 pF and Q up to 600.
Prices start at $2.10 each in lots of 100.
Eastron Corp., 25 Locust St., Haverhill,
MA 01830. 265

MOS dynamic random-access memory
MCM1173L is a 1024-bit unit that fea-
tures power dissipation of 50 wW/bit,
access time of 400 nsec, write cycle time of
840 nsec max, read cycle time of 525 nsec
max, and in lots of 100 items, price of $28
each. Technical Information Center, Mo-
torola Inc., Semiconductor Products Div.,
Box 20924, Phoenix, AZ 85036. 266

GENERAL SEMICONDUCTOR INDUSTRIES, leEy

e

o
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Silicon junction varistors in the GSV
Series offer extremely high surge capa-
bility for the protection of electronic equip-
ment susceptible to lightning effects and
power surges. Units are rated for 125A
peak-pulse current for 1 msec. Breakdown
voltage is typically 0.35 to 0.5V at 10 uA
and 0.74 to 0.85V at 100 mA. In lots of 100
units, prices start at $0.35 each. General
Semiconductor Industries, Inc., 230 W.
Fifth St., Tempe, AZ 85281. 267
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New SC's

P-N photodiode TIL77 is designed to re-
place less stable cadmium-sulfide cells in
exposure meters. The unit is priced at
$0.85 each in lots of 100 to 999 and below
$0.50 in larger quantities. Texas Instru-
ments Incorporated, Inquiry Answering
Service, Box 5012, M/S 308, Dallas, TX
75222. 268

Monolithic chips for use in hybrid micro-
circuits include single transistors and
diodes as well as amplifiers, Schmitt trig-
gers, level detectors, op amps and other
ICs. Amperex Electronic Corp., IC Div.,
Cranston, RI 02920. 269

Dual 100-bit dynamic shift registers in-
clude the GER 1507 and GER 2507 units.
The 1507 has a clock rate of 2 MHz, while
the 2507 has a maximum clock rate of 5
MHz. Both units have a power dissipation
of 0.04 mW/bit at 1 MHz. General Elec-
tric Co., IC Products Dept., Electronics
Park, Bldg. 5, Room 160, Syracuse, NY
13201. 270

Building-block MOS/LSI circuits can be
combined to form the calculating systems
of business and scientific calculators and
of other data reduction equipment pro-
grammed for up to 1000 steps. North
American Rockwell Microelectronics Co.,
Box 3669, 3430 Miraloma Ave., Anaheim,
CA 92803. 271

Micro-miniature diodes measuring 100 by
35 mil can be soldered or welded to hy-
brid circuit substrates and are priced from
$0.15 to $0.65 each. Computer Compo-
nents International, Inc., 3804 Burns Rd.,
Palm Beach Gardens, FL 33403. 272

Monolithic p-channel dot-matrix character
generator UC7541 has a chip enable ac-
cess time of 350 nsec max, power dissipa-
tion of 200 mW typical, operating tem-
perature range from —25 to 85°C and two
basic organizations—64 words of 35 bits
and 32 words of 70 bits. Solitron Devices,
Inc., 8808 Balboa Ave., San Diego, CA
92123. 273

PIN diodes A5S301 and 302 are designed
for general-purpose switching, attenuation
and phase shifting applications at UHF,
VHF and microwave frequencies. Capaci-
tance is 0.3 and 0.25 pF max, respectively,
and switching time is 200 nsec typical.
Aertech Industries, 825 Stewart Dr.,
Sunnyvale, CA 94086. 274

MOS resettable frequency divider GEM
501 provides six stages of frequency divi-
sion in a 16-lead, plastic, dual-in-line
package. IC Products Dept., General Elec-
tric Co., Bldg. 5, Rm. 160, Electronics
Park, Syracuse, NY 13201. 275

Silicon photodiodes for fast pulse response
at 1.06 um include the YAG-100 with an
active area of 5.1 mm? and rise and fall
times of 4 nsec; YAG-444 with an active
area of 1 cm? with rise and fall times of
10 nsec and YAG-444-4 is a quadrant ver-
sion of the YAG-444. EG&G, Inc., Electro-
Optics Div., 35 Congress St., Salem, MA
01970. 276

Tinnerman
Thumbnail

miniatures

...are made of aluminum,
beryllium copper, copper,
phosphor bronze, molybdenum,
nickel, platinum, stainless
steel, tantalum, or titanium —

whatever your needs require.

Let our Troy Plant specialists
add their know-how to your
specifications. Call your
Tinnerman representative (in
most Yellow Pages and major
industrial directories under
“Fasteners”’) or write to EATON
CORPORATION, ENGINEERED
FASTENER DIVISION,

(Dept. 12), P.O. Box 6688,
Cleveland, Ohio 44101.

Engineered
Fasteners

A
E:1.
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Equipment

Battery-powered, time-lapse video tape
recorder and camera system can be used
for real-time recording or for logging up to
15 hrs of time-lapse viewing on a standard
1200-ft reel of tape. The system TP-400
uses 1/2-inch video tape. Odetics, Inc.,
1845 S. Manchester Ave., Anaheim, CA
92802. 290

readout consists of a $395 mainframe and
a choice of four snap-on counter and coun-
ter/timer modules: the 10-MHz, $125
Model 5301A frequency counter, the
50-MHz, $250 Model 5302A universal
counter/timer, the 500-MHz, $750 Model
5303A frequency counter and the 10-MHz,
$300 Model 5304A timer/counter. Hew-
lett-Packard Co., Inquiries Mgr., 1601
California Ave., Palo Alto, CA 94304. 291

Plug-in module that permits transistor
high frequency parameter measurement
over the frequency range of 20 to 100 MHz,
Model 10RF, considerably extends the use
of the Model 70 test system. Price of the
module is $790. Precision Standards Corp.,
1701 Reynolds, Santa Ana, CA 92705. 293

Auto-tuned bandpass filters for 110 to 150
and 225 to 400 MHz, have 20 to 100W
power handling capability. They use high-
Q cavity resonators, and are useful for
eliminating spurious signals and existing
noise generated in broad-band transmit-
ters. Options include a visual tuning lock
indicator,' high altitude capability and a
range of tuning power levels. TRW Elec-
tronic Functions Div., Davis & Copewood
Sts., Camden, N J 08103. 294

Storage display, Model D-10, uses a cath-
odochromic dark-trace tube that has writ-
ing rate of 5 sec for full-screen, and perma-
nent storage until erased. Screen size is 3
by 4 inches, contrast ratio is 5:1 in room
ambient and erase time is approximately
3 sec. Optel Corp., Box 2215, Princeton,

N J 08540. 296

Fast Fourier transform analyzer, Model
FFT256, is a stand-alone processor that
requires no external computer or soft-
ware. It performs both direct and inverse
FFT (real and imaginary), power spec-
trum, cross power spectrum, square spec-
trum, auto-correlation, cross-correlation,
convolution, convolution spectrum and
auto-convolution. Price is $9900. Unigon
Industries, Inc., 80 Dupont St., Plainview,
L.I,NY 11803. 297

RF signal generator, Model 925, tunes from
50 kHz to 80 MHz in seven bands. The out-
put frequency is monitored on a 6-bit digi-
tal counter and a locking circuit holds the
tuned frequency constant by sychronizing
with the counter’s crystal time base. Price
is $2975. LogiMetrics, Inc., 100 Forest Dr.,
Greenvale, NY 11548. 292

Sweep/signal generator, Model 1002, cov-
ers from 1 to 500 MHz and will sweep any
part of all of its range. Both tuning and
sweep are electronic, and the RF output
systemis calibrated from +10 to —80 dBm.
Sweep rates include line frequency and
from 50/sec to 1 sweep every 100 sec. Base
price is $1095. Wavetek, Indiana, Inc.,
Box 1987, Indianapolis, IN 46206. 295

One- to 500-MHz spectrum analyzer mod-
ule, when used with the “Sony/Tektronix”
323 or 324 oscilloscopes, makes up a sys-
tem that provides both a calibrated spec-
trum analyzer and an oscilloscope for
portable use. Model 1401A may be powered
from the normal ac line, 6 to 16V dc or
internal rechargeable batteries. Tektronix,
Inc., Box 500, Beaverton, OR 97005. 298
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Power semiconductor components covered in
Catalog 54-000 range from the highest volt-
age thyristors, rectifiers and transistors com-
mercially available to power control and rec-
tifier assemblies, prewired and mounted on
heat sinks. Semiconductor Div., Westing-
house Electric Corp., Youngwood, PA 15697.

300

Fluidic sensors and interfaces and their re-
lated technologies are described in 32-page
Booklet EPD FBR-2. Corning Glass Works,
Public Relations Dept., Corning, NY 14830.

301

Standard ac-dc power supplies known as the
“Voltswagon” Series are detailed in this 20-
page catalog that lists over 600 models cover-
ing the range from 4 Vdc at 500 mA to 125
Vdc at 4A. Nuclear Corp. of America, Power
Supply Div., 2 Richwood Pl., Denville, N J
07834. 302

Control knobs and custom dials are covered
in 24-page Catalog R-71. It is a handy refer-
ence for the wide variety of sizes, styles and
colors of control knobs available for virtually
any type of electronic test equipment. Rogan
Brothers, Inc.,, 8019 N. Monticello Ave.,
Skokie, IL 60076. 303
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Signal level control circuits including at-
tenuators, pots, pads, ladders, mixers,
faders, gain controls and other items are
detailed in this 24-page catalog that in-
cludes specifications, ordering information
and circuit diagrams. Tech Labs, Inc.,
52 E. Edsall Blvd., Palisades Park, N J
07650. 304

RF molded chokes ranging from 0.1 xH to
10 mH and tunable coil forms are fea-
tured in this 28-page catalog. Gowanda
Electronics Corp., Dept. C-35, 179 Broad-
way Rd., Gowanda, NY 14070. 305

Ruby and glass laser systems are covered
in a 19-page bound brochure that describes
the operating characteristics and unique
features of a new improved line of solid-
state lasers. Apollo Lasers, Inc., 6365
Arizona Circle, Los Angeles, CA 90045.

306

DC power supplies are the subject of this
44-page catalog that permits selection of
any of more than 200,000 different power
modules. Items included are miniaturized
power modules, low-profile power supplies,
regulated single and dual output units
and low cost unregulated power modules.
Acopian Corp., Easton, PA 18042. 307

TTL ICs in the 54/7400 Series have had 17
new circuits added to the family recently.
Technical data concerning these new cir-
cuits are covered in this 64-page hand-
book. Additional information on MSI,
MOS and linear ICs also is included. Sig-
netics Corp., 811 E. Arques Ave., Sunny-
vale, CA 94086. 308

Sockets, glow lights, wire harnesses, in-
dustrial controls and electrical assemblies
are described in this new catalog from Bur-
cliff Industries, Inc., 1022 S. Union St.,
Mishawaka, IN 46544. 309

Standard rotary switch catalog contains 32
pages of complete engineering, dimension
and test data for over 2200 standard con-
figurations of rotary switches. For a free
copywrite on company letterhead to Stack-
pole Components Co., Box 14466, Raleigh,
NC 27610.

Trimmer potentiometers are covered in
this expanded 36-page catalog that fea-
tures new DIP models and gives complete
details on more than 50 wirewound and
film element trimmers in MIL-R-27208A
and commercial/industrial styles. Dale
Electronics, Inc., Dept. 860, Box 609, Co-
lumbus, NE 68601. 310

EDN/EEE July 1, 1971



Literature

“How Do You Lose It and Still Have It” is
the title of a booklet that details a thermo-
couple with a “dual sensor” tip. Sensor
Dynamics Inc., 129 Laura Dr., Addison,
IL 60101. 311

Film capacitors for industrial/commercial
electronics are covered in a 40-page cata-
log from Paktron, Div. of Illinois Tool
Works Inc., 1321 Leslie Ave., Alexandria,
VA 22301. 312

Microwave/waveguide components and
equipment, electronic test instruments,
electromechanical and other components
are among those featured in 64-page Bul-
letin 94 from Lectronic Research Labs.,
Inc, Atlantic and Ferry Ave., Camden, N J
08104. 313

Hybrid conversion modules, including both
D/A and A/D converters, are covered in
Bulletin No. ZD200 from Zeltex, Inc., 1000
Chalomar Rd., Concord, CA 94520. 314

Electrolytic capacitors offering a range
from 1 to 200 uF in both axial and single-
ended lead configurations with single
quantity prices from $0.50 to $3.20 are
covered in cross reference data from Inter-
national Rectifier Corp., Semiconductor
Div., 233 Kansas St., El Segundo, CA
90245. 315

Film capacitors are detailed in this 40-
page catalog from Paktron, Div. of Illinois
Tool Works Inc., 1321 Leslie Ave., Alex-
andria, VA 22301. 316

DC precision voltage reference standard
with accuracies to 10 PPM and long term
stability of 10 PPM/year are detailed in
information from CODI Semiconductor,
Div. of Computer Diode, Pollitt Dr., Fair
Lawn, N J 07410. 317

“Stock Relays and Switches” is the title of
an eight-page catalog that includes pric-
ing information. GTE Automatic Electric
Inc., 400 N. Wolf Rd., Northlake, IL 60164.

318

Precision potentiometers are covered in
an eight-page brochure from Trimpot
Products Div., Bourns Inc., 1200 Colum-
bia Ave., Riverside, CA 92507. 319

Copper- or other metal-clad continuous-
roll laminates for the PC and flexible cable
industry are detailed in a 12-page specifi-
cation guide from TME Corp., Salem In-
dustrial Park, Salem, N H 03079. 320

Ultraminiature indicator lights in the 249
Series include light-emitting diodes. They
are the subject of Bulletin UM1211 from
Dialight Corp., 60 Stewart Ave., Brooklyn,
NY 11237. 321

Interchangeable, curve-matched thermis-
tors and thermistor probe assemblies are
covered in Bulletin 8009 that includes
a complete glossary of terms, as well as
a step-by-step procedure for designing
thermistor circuits. Omega Engineering
Inc., Box 4047, Stamford, CT 06907. 322

Industrial and military cermet pots in the
550 Series are 2W units completely de-
scribed in Catalog Sheet 3550C from CTS
of Berne, Inc., 406 Parr Rd., Berne, IN
46711. 323

Dual FET selection guide compares the
specifications of 78 different devices. It is
available from Teledyne Semiconductor,
1300 Terra Bella Ave., Mountain View,
CA 94040. 324

PIN diode modulator/attenuator that op-
erates from 200 MHz through 18 GHz is
the subject of Bulletin M189 from General
Microwave Corp., 155 Marine St., Farm-
ingdale, NY 11735. 325

Digital frequency meter Model 4034 that
measures frequencies to 1 MHz in time
intervals from 10 wsec to 109 sec is de-
scribed in Bulletin 2462A. Technical In-
formation Section, Electronic Instruments
Div., Beckman Instruments Inc., 3900
River Rd., Schiller Park, IL 60176. 326

Selenium photovoltaic cells are covered in
eight-page Bulletin SPV-5 from Vactec,
Inc., 2423 Northline Industrial Blvd.,
Maryland Heights, MO 63043. 327
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E||\|/ RFI FILTERS

For your free copy write:

U.S. CAPACITOR CORPORATION

S

FREE EMI/RFI FILTER CATALOG
FROM USCC/CENTRALAB

A new 20-page catalog of EMI/RFI Filters
is now available from USCC/CENTRALAB.

The catalog includes: Button, Subminia-
ture, Miniature, and Feed-thru types, which
meet or exceed all applicable requirements
of MIL-F-15733; and a new line of filters
designed to meet all UL and European re-
quirements for electronic data processing
units and systems.

Listed are all mechanical and environ-
mental specifications, typical insertion loss
curves and complete ordering information.

USCC/CENTRALAB, 2151 N. Lincoln St., Burbank, California 91504.
(213) 843-4222 — or circle the information retrieval number below.

-i'
TN

=)

CENTRALARB Electronics Division » GLOBE-UNION INC.
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DC-to-30 the Easy Way

Gentlemen:

| could not supply a female connector to
mate with Mr. Emmerich’s dc-to-3J-ac
converter. However, | can supply a draw-
ing of a polarized 3@ dc connector using
both a male and female connector. De-
tails of the internal construction of the
female connector have been shown in
dotted lines for clarity.

Ansel R. Dickinson

Lovelace Foundation for

Medical Education and Research
Albuquerque, New Mexico

EEE and Job Crisis Revisited

Gentlemen:

It is interesting to note that the present
job crisis in the electronics industry (“The
Job Crisis”, editorial, EEE, April 1971,
p. 13) was forecast by the eminent J. M.
Bridges, fellow of the IRE and IEEE, as
long ago as 1961 (“There will be no Elec-
tronics Industry in 2012 A.D.”. Proceed-
ings of the IRE, May, 1962, Vol. 50, No. 5.
Manuscript received Jan. 15, 1961.) Fur-
thermore, according to the forecast of this
famous engineer and administrator, the
situation is going to get worse—much
worse.

Writing in 1961 for the Proceedings of
the IRE, Bridges stated bluntly, “In the
year 2012 A.D. there will be no electronics
industry . . . ”. And further in the same
article he made the point even more ex-
plicit by saying “The thousands of elec-
tronics engineers now required . . . will be
replaced by machines and by a relatively
few highly specialized and very creative
scientists . . .”. The fact that this authori-
tative statement, made by a highly placed
governmental official, has been completely
ignored is a measure of the short-sighted
thoughtlessness which is now condemning
thousands of electronics engineers to
months and years of misery.

Simple mathematics applied to the Brid-
ges forecast indicates that even if all elec-
tronics engineering training were to cease

The Saga of Frank, Charles, Tom, Peter, Julian and Robert

Gentlemen:

| note that you have referred on p. 76 of
your April 15 issue to a copy of a letter
from Frank Sprague to Tom Edison, which
apparently hangs on the office wall of
Charles Sporck, president of National
Semiconductor, which was probably given
to him by Peter J. Sprague, chairman of
the Board of National Semiconductor and
grandson of Frank J. Sprague. Peter is the
son of Julian K. Sprague, who was presi-
dent of the Sprague Electric Co. until his
untimely demise in 1960.

While Frank J. Sprague was the founder
of a number of companies, including the
Sprague Electric Works which was merged
into General Electric at the time General
Electric was growing through the merger
of many of the pioneer electrical firms,
the Sprague Electric Co. was founded in
1926 by Robert C. Sprague, second son
of Frank J. Sprague, and was originally
known as the Sprague Specialties Co.

68

today, there will still be an extreme sur-
plus of electronics engineers between now
and the year 2012 A.D. Thousands of these
surplus engineers will suffer the tortures
of unemployment until some way is found
to retrain them.

The Bridges forecast indicates clearly
that ALL training of electronics engi-
neers should cease at once, and that the
facilities made available should be used to
retrain the existing electronics engineers.
Practical and humanitarian considera-
tions indicate that this retraining should
begin with the most recent graduates,
while every effort should be made to pro-
vide adequate retirement pay for those
older men who will find it hardest to get
out of the field, and should therefore re-
main in it the longest.

Forty-one years may seem a long time,
but it is less than the average working life,
from graduation to retirement, now ex-
pected of the engineer. Furthermore, it
can reasonably be expected that the drop
off of engineering requirements to sub-
stantially zero will be along a logarithmic
rather than a linear curve.

EEE can help best by publicizing the
Bridges forecast to the utmost, and by
urging Congress to provide financial as-
sistance for the extensive retraining which
is required now and in the future.

Malcolm S. Morse, P.E.

Morse Associates
Chevy Chase, MD 20015

until the name was changed at the end of
World War II.
A copy of the letter similar to that which
Mr. Sporck has is enclosed for your file.
The problem that Frank Sprague was
working on at the time he wrote the letter
to Edison was that of controlling the

volume of a player piano. Sprague was at-
tempting to regulate the current through |

a solenoid with a large flat hammer which

would press against the piano strings. As |

you know, the volume from a player piano
does not have very much of a dynamic
range, since it operates pneumatically.
With modern electronic amplification,
Frank Sprague’s scheme would have
worked, but it was ahead of its time.

Sid Chertok
Sprague Electric Co.
North Adams, Mass.
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WHAT OFFERS
YOU

e GREATER RELIABILITY
e INCREASED OUTPUT
e REDUCED COSTS

IN ELECTRICAL/ELECTRONIC INSULATION?

To find out, plan to attend the 10th
Electrical Insulation Conference,
Chicago, Sept. 20-23. Write
for details today!

ELECTRICAL INSULATION CONFERENCE
Box 2429C, Wilmington, DE 19899

Circle Service No. 28

FREE CATALOG!

148 PAGES - MORE THAN 4000

UNUSUAL BARGAINS
SCIENCE - OPTICS - SPACE

1000's OF HARD-TO-FIND
BUYS FOR INDUSTRY.

Speed your work! Improve quality! Cut development and production
costs! Completely new edition loaded with on-the-job helps, quality
control aids, unique items available nowhere else. 148 easy-to-read §
pages packed with new products, charts, diagrams, illustrations. A
treasure house of optical and scientific equipment available direct
from stock for industry, research labs, design engineers, experimenters,
hobbyists.

AMERICA’S GREATEST ONE-SOURCE MARKET PLACE >
Hard-to-get surplus bargains. Ingenious scientific tools. Thousands
of components: lenses, prisms, wedges, mirrors, mounts, accessories of
all descriptions. Hundreds of instruments: lasers, comparators, mag-
nifiers, microscopes, projectors, telescopes, binoculars, photo attach-
ments, black light equipment and the largest selection of unique
lighting items in the country

ORDER DIRECT WITH ABSOLUTE CONFIDENCE
Edmund ships more than 5,000 orders monthly to the country’s largest
industrials. Every item completely guaranteed. You must be satisfied
with any purchase or return it in 30 days for your money back. Shop
the catalog of America’s largest Science-Optics-Space Mart. Send for
your free copy today. Absolutely no obligation. No salesman will call
Request FREE catalog "‘AT"

B EDMUND SCIENTIFIC CO.
§> 300 EDSCORP BLDG.
BARRINGTON, NEW JERSEY 08007
//44 MAIL COUPON FOR GIANT FREE CATALOG!
/"l’ § EDMUND SCIENTIFIC CO. i
” l 300 Edscorp Building, Barrington, N. J. 08007
= % I Please send Free Giant Catalog “AT"” I
- ' NAME__ :
1
|
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Design Data

“Photomultiplier Tube Selection and Hous-
ing Design for Wideband Photon Count-
ing” is the title of an eight-page Applica-
tion Note 71021. A copy of the note and a
short form catalog are available from SSR
Instruments Co., a Sub. of Princeton Ap-
plied Research Corp., 1001 Colorado Ave.,
Santa Monica, CA 90404. 350

Temperature measurement with thermo-
couples is the subject of 12-page Applica-
tions Brochure 102 that reports on the
theory and practice of temperature mea-
surement with thermocouples. Gould Inc.,
Brush Div., 3631 Perkins Ave., Cleveland,
OH 44114. 351

‘“Laser-Diode Sub-Nanosecond Rise Time
Source of Radiant Flux for Photodetector
Testing”, Application Note AN-4553, de-
scribes the use of an injection laser to pro-
vide a square wave light output with rise
time <200 psec. RCA Commercial Engi-
neering, 415 S. Fifth St., Harrison, N J

Application Notes

““A Brief Introduction to Incremental Shaft
Encoders and Their Application to the In-
strument Display Line” is the title of this
eight-page note that outlines the problems
encountered with interfacing unidirection-
al and bidirectional counters to encoders.
Instrument Displays, Inc., 223 Crescent
St., Waltham, MA 02154. 353

Planar triodes are covered in this eight-
page note that includes operating instruc-
tions for an entire family of planar triodes
and descriptions of mechanical and elec-
trical characteristics. Eimac Div. of
Varian, 1678 S. Pioneer Rd., Salt Lake
City, UT 84104. 354

Chroma demodulators that employ two
fully-balanced quadrature detectors, ‘oper-
ating simultaneously, to recover the blue
and red information from the 3.58-MHz
chroma subcarrier are detailed in six-
page “IC Engineering Bulletin” 27103B.
Sprague Electric Co., 491 Marshall St.,

“Hottips” is a four-page newsletter that
features controlled temperature and hu-
midity equipment for electronic testing,
quality control and production. Hi-lo
chambers from —100 to +400°F and hu-
midity chambers from 20 to 90% RH are
included. Hotpack Corp., 5148 Cottman
Ave., Philadelphia, PA 19135. 356

Holographic studies to solve problems in
vibration and stress analysis, shock propa-
gation and nondestructive testing is the
subject of 12-page Newsletter No. 1. Union
Carbide Corp., KORAD Dept., 2520 Colo-
rado Ave., Santa Monica, CA 90406. 357

“A Guide to Evaluating and Selecting
Lock-in Amplifiers” is a 16-page booklet
about instrumentation for recovering sig-
nals that are buried in noise. It includes
signal-to-noise improvement along with
key factors influencing instrument per-
formance. Keithley Instruments Inc.,

07029. 352 North Adams, MA 01247. 355 28775 Aurora Rd., Cleveland, OH 44139.
358
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R.S. No. Title Page No.

L61 Memories—Modern-Day “Musical Chairs” —Part | 19

L62 Speakout 30

L63 Designing Linear Sweep Generators 39

L64 Notch Filter Has Passive Q Control 43

L65 Transformerless Converter Supplies Inverted Output 48
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Our filter/capacitor

family takes

experimentation out
of circuit design.

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

Actual Size

a wide variety of styles. Backed by
our famous track record for quality
and improved performance. Re-
quest your personal copies of our
literature. Call our nearest appoint-
ed electronics distributor, or write:
Allen-Bradley Electronics Division,
1201 South Second Street, Mil-
waukee, Wisconsin 53204. Export:
Bloomfield, New Jersey 07003.
Canada: Galt, Ontario.

Publication 5409: type FA, FB, FW, SB,
SS ceramic disc capacitors for VHF/UHF

Publication 5410: type FCS, SMFB, SMFO
filters for the 50 MHz to 10 GHz range
Publication 5411: type CL multi-layer,
coaxial capacitors for connectors

Publication 5414: type MT, MS by-passing
capacitors for 50 KHz to 1 GHz

Publication 5416,5417: type BE, SF filters
for RFI/EMI suppression

Publication 5418: type AB broad band
filters in Pi, T and L configurations

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

CIRCLE NO. 30
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NEW NPN

O I
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Stepped-up Performance
(2N6098-6103)

RCA’s 2N6103 series is new! It now makes available to design-
ers an extended current capability in the RCA VERSAWATT
line—from 0.5 to 8.0 Amp. Utilizing a chip similar to the 2N3055,
this silicon power n-p-n family is the next step up from the
2N5298 and 2N5496. You get all the advantages of Hometaxial-
base construction, backed by thermal cycle ratings and safe
area operating curves. The 1000-unit prices in the family start
at 65¢.

The 2N6103 family is recommended for such applica-
tions as hammer drivers, series regulators, motor speed con-
trols, inverters, and output stages of audio amplifiers to 40 W.

Also new, the 2N6111 family is another in the series of
RCA epitaxial-base p-n-p power transistors, offering designers
new p-n-p versatility in the popular VERSAWATT package. In-
tended for complementary use with 2N5298 and 2N5498, these
epitaxial devices are backed by RCA’s exclusive thermal cycle

NEW PNP

3 IX

Expanded Versatility

{ 2N 1}

ratings and complete safe area operating specifications. The
1000-unit prices in the family start at 70¢.

Ideal in a variety of circuits, the 2N6111 will especially
interest those working with audio amplifiers to 25 W, vertical
deflection circuitry, high frequency inverters, positive/negative
series regulators, and automotive applications.

To be confident of plastic power transistor quality and
reliability, look to RCA. We engineer and build our economy-
priced plastic power to the exacting standards that have made
our hermetic products your bench mark for power transistor
dependability.

For more information, see your local RCA Representa-
tive or your RCA Distributor. For technical data, write: RCA,
Commercial Engineering Section 50G-1/UTL19, Harrison, N.J.
07029. International: RCA, Sunbury-on-Thames, U.K., or P.O.
Box 112, Hong Kong.
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