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NEW Calibrated TDR with 35 ps risetime
and 12.4 GHz sampling
in one easy-to-use plug-in

See More...Do More with the HP
180 Scope System! Now, in one
measurement, you can find out what,
where, and how much—when you
design connectors, circuits, anten-
nas, strip lines and similar compo-
nents. No interpolation or extrapola-
tion needed. Now HP has combined
high resolution time domain reflec-
tometry and 12.4 GHz sampling in the
HP 1815A double-size plug-in that
fits the standard 180A Oscilloscope
mainframe or the 181A Variable Per-
sistence and Storage mainframe.
The 1815A in conjunction with the
1817A remote feed-through sampler
and the 1106A pulse generator pro-
vides calibrated 35 ps risetime TDR —
with capability of resolving discon-
tinuities down to a quarter of an
inch apart. New signal averaging

Circle 1 on Inquiry Card

circuitry reduces noise and jitter at a
ratio of 2 to 1 or more.

And the 1815A not only provides
more accurate answers, it provides
them faster and easier. Why waste
your valuable time? Get direct read-
outs in reflection coefficient (rho)
and feet (meters optional) for instant
answers that previously required
time-consuming calculations. Get di-
rect, front panel calibration of dielec-
tric constants for air and poly-
ethylene, or use a variable control to

STEP FORWARD

HEWLETT @ PACKARD

OSCILLOSCOPE SYSTEMS

set the dielectric constant between
e=1toe=4.

In addition, the 1815A/1817A com-
bination can be externally triggered
to provide 12.4 GHz (28 ps) sampling
capability. The signal averaging tech-
nique allows you to use the entire
bandwidth capabilities of the plug-
in/sampler — undistorted by noise
and jitter.

If you don’t need the full capability
of the 1815A, a lower cost and lower
frequency sampling head (1816A) and
tunnel diode pulse generator (1108A)
are available for 4 GHz 90 ps risetime
sampling and 110 ps TDR (60 ps
pulses).

Prices: 1815A, $1100; 1817 Remote
Sampler, $1500; 1106A Tunnel Diode
Pulse Generator,; $550; 1816 A Remote
Sampler, $850;1108A Tunnel Diode
Pulse Generator, $175.

Isn’t it time you took a step for-
ward in your oscilloscope measure-
ments? Call your HP field engineer
and he'll tell you about the all-solid-
state, proven HP 180 scope system,
which now includes TDR and sam-
pling. Or, write for data sheet to
Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-
Geneva, Switzerland.
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Wet-sintered-anode Tantalex” Capacitors

Buy the best.
And save money
. doingit.

y
Hel'e S how: Select from the broadest

line of tantalum capacitors anywhere. From
Sprague. The lower your temperature

requirement, the lower your cost.

b op

Volumetric efficiency up to
210,000 xF-volts per cubic inch.
For use in miniature com-
mercial /industrial printed wir-
ing boards, packaged circuit
modules, and wherever else
cost and space are prime con-
siderations. Elastomer end seal
capped with plastic resin in-
sures against electrolyte leak-
age and lead breakage. Avail-
able in voltage ratings from 6
to 75 VDC.

A superior design that meets
all the basic military require-
ments for capacitors within this
temperature limit. There is no
compromise in quality. Voltage
ratings from 6 to 150 VDC.

For extra large values of
capacitance, use Type 200D
or 202D package assemblies,
which consist of several
109D - type capacitor ele-
ments in a hermetically-
sealed case.

Exceptional electrical stability
due to chemical inertness of
tantalum oxide film to specific
electrolytes used, low diffusion
of TFE-fluorocarbon elastomer
seal, and special aging for
125C operation. Voltage ratings
from 4 to 100 VDC.

Dual temperature ratings of
Type 200D and 202D package
assemblies give you extra
high capacitance values for
+125 C operation.

- v
For operation to + 85 C For operationto +125C | For operationto +175C
Type 145D Type 109D Type 130D Type 137D

Proven glass-to-metal hermetic
seal qualifies these outstanding
capacitors for use in satellites,
missiles, and other critical
aerospace applications. They
have greater volume efficiency
than has been previously avail-
able for wet-sintered-anode
capacitors in this temperature
range. Type 137D capacitors
exhibit extremely low leakage
currents. Available in voltage
ratings from 2 to 150 VDC.

Circle 77 on Inquiry Card
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Select the capacitor type that meets your temperature requirements. That's how

to save money. Specify Sprague Tantalex” Capacitors.That's how to get the best.

For complete information on Type 145D Capacitors, write
for Engineering Bulletin 3750 (Type 109D, Bulletins 3700F

and 3700.2; Type 130D, Bulletins 3701B and 3701.2; Type
137D, Bulletin 3703A; Type 200D and 202D, Bulletin
3705B) to the Technical Literature Service, Sprague Electric
Company, 233 Marshall St., North Adams, Mass. 01247.

A80.8139

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ' @" are registered trademarks of the Sprague Electric Co.
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sweeps
5 to 1500 MHz

in 7.5 milliseconds

flat!

We can supply a sweep generator with rally stripes on
special order, but the frequency range and the sweep rate
are standard.

Telonic’s 2003 Sweep Generator will cover that entire band
—1495 MHz—in a single sweep, or in any segment down
to 0.02 Hz wide. You can instantly see response charac-
teristics over all, or any portion, of a circuit’s operating
frequencies.

And don’t overlook that word “instantly.” If you're still
in the habit of using a signal generator for point-to-point
testing, it’s time to upshift into swept techniques. Let your
local Telonic rep show you the ’69 floor models.

Catalog 70-A and Supplements contain complete descriptions on
all Telonic Sweep Generators plus a full section devoted to
“how-to"’ applications. Get your copy today.

TELONIC INSTRUMENTS

2 Circle 4 on Inquiry Card

Model 2003 Sweep/Signal Generator System

Frequency Range

(Seven different plug-in oscillators available) ...... .02 Hz-1500 MHz

Sweep Width

(Fi=Fg OF FJAF) enininiiiiiiiiiiiiiiieenees 02 Hz-1495 MHz
Frequency Marking

(Four different marker plug-ins available) .......... Fixed or variable
Attenuation

(Eight attenuator plug-ins available) ....1 db to 109 db (50 or 75 Q)
Sweep Rate

(Select from two rate plug-ins) .............. 0.001 to 60 sweep/sec.
Log Amplification

(One plug-in does it all) ......ivevvenanes 105 db dynamic range
Detection

(Two detector plug-ins available) .......... P-P passive, 50 and 75 Q
Display

(Two display processing plug-ins) ................. Amplitude and

marker tilt control

A Division of Telonic Industries, Inc.
60 N. First Avenue

Beech Grove, Indiana 46707

TEL (317) 787-3231 * TWX-810-341-3202

telonic
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Dan Piccone and Steve Somos of
G.E. have written the article, "Are
you confused by high di/dt SCR rat-
ings?"" for this issue. In the article
they make some interesting points
that could be controversial, partly
because they play down certain as-
pects. And this is interesting because
Dan and Steve, along with Angelo
DeCecco, hold a patent for such
devices. Some G.E. devices using
their discovery are shown on the cover.
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Part I: Get more products for your engineering dollars

Only 309% of new product expenditures will result in successful products. But
with improved management techniques, you can weed out the failures early—and
thus concentrate your resources on the probable successes.

Charging energy-storage capacitors from low-voltage

When you design a dc-dc converter to charge a capacitor, you must consider
the rate of energy transfer, oscillation frequency, peak battery drain, and
efficiency. This article discusses such factors as they apply to a power supply
suitable for an electronic flash unit.

The electromagnetic spectrum chart

This new version reflects the latest FCC frequency allocations and services using
the electromagnetic spectrum. Don’t forget to remove your copy of this wall chart.

lon implantation: the sock-it-to-’em method to dope
semiconductors

There is a new girl on the block. Nobody knows how good she is yet. But she
seems to have a lot to offer.

Learn to live with a filter’'s reactance

Power line filters draw large reactive currents—but a power factor correction
coil can help. Here are some tips on how to use one.

Telemetry Course

Part 1I: Frequency division multiplex
An economic technique that preserves the integrity of data.

Are you confused by high di/dt SCR ratings?

High di/dt devices are being looked at as a solution to SCR failures. But are
SCR failures really from a high di/dt? Before you decide, examine failure mechan-
isms and rating philosophy. Also, be aware of the tradeoffs you must make for
a higher di/dt.

IC Ideas

Load current flows into or out of voltage regulator
Digital filter replaces bulky components.

Two gates — voltage controlled oscillator

Turn a diff amp into an astable multi

Test flip-flops, gates in-circuit with this simple probe

38
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57

68
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81

89

94




PEVERSE

DIAL-A- VOLT

* .0

SENERLL RESITANCE i SA 5 gy
N TORKEs g v :

OUR REFERENCES ARE
IMPECCABLE.

We have impeccable references from ==0.1 nanovolt to
=10 volts. DIAL-A-VOLT, GR’s high accuracy (==0.0015%
+5 wV) dialable voltage reference. With it and its NAV-453
Attenuator you have any reference voltage in its range at
your fingertips, instantly, as easily as dialing your favorite
phone number. Six-decade resolution, an in-line readout to
eliminate setting error and simple recalibration of the tem-
perature compensated zener's unique circuits.

Accuracy is traceable to NBS (we furnish a certificate).
Stability is =5 PPM over 8 hours and =15 PPM per year.
Noise and ripple combined are less than 0.0015% of out-
put setting. The output floats, is short circuit protected
and can be guarded to 500 volts.

In the same 6” x 6% x 7" case (adapters for rack mount-
ing are available) you get absolutely free an independently
usable 6-decade 0.003% isohmic (so called Kelvin-Varley)
voltage divider (it divides down the zener supply output).

DIAL-A-VOLT prices start as low as $399 f.0.b. Mt. Vernon,
N.Y., domestic. Write or phone for complete literature, a
demonstration or both. DIAL-A-VOLT — its references are
impeccable.

General Resistance, Division of Chronetics. 500 Nuber
Avenue, Mt. Vernon, N. Y. (212) 292-1500. In Europe:
39 Rue Rothschild, Geneva, Switzerland (022) 31 81 80.

GENERAL RESISTANCE

DIVISION OF CHRONETICS
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INDUSTRIAL TO-5 RELAYS!

FROM TELEDYNE RELAYS
THE ORIGINATORS OF THE TO-5 RELAYS

FOR MILITARY APPLICATIONS .
TELEDYNE RELAYS ANNOUNCES: A NEW LINE OF
HERMET ICALLY SEALED INDUSTRIAL RELAYS PACKAGED.
IN TO=-5 TRANSISTOR CASES.
TELEDYNE HAS PRODUCED OVER 1/2 MILLION MILITARY

GRADE TO-5 RELAYS DURING THE PAST 6 YEARS!

BECAUSE OF RECENT TECHNOLOGICAL BREAKTHROUGHS
IN AUTOMATED PRODUCT 10N TELEDYNE CAN NOW
OFFER A DPDT (MODEL 712) INDUSTRIAL GRADE
RELAY FOR AS LITTLE AS $6.35 EACH. THE
INDUSTRIAL MODEL 712 1S SIMILIAR IN CONSTRUCTION
TO THE MILITARY MODEL 412 RELAY.

SUITED

THE INDUSTRIAL 712 RELAY IS IDEALLY

FOR THE REPLACEMENT OF CRYSTAL CAN» HALF-SIZE
CRYSTAL CAN, ALL FRACT IONAL CRYSTAL CAN
S1ZES AND REED PACKAGES«
TYPICAL APPLICATION AREAS INCLUDE:

TEST EQUIPMENT

PERIPHERAL COMPUTER HARDVARE

COMMUN ICAT ION EQUIPMENT

INSTRUMENTAT ION
INDUSTRIAL CONTROLS

COMMERCIAL AVIONICS g‘f

Andsco - Chicago, [II.

Columbus, 0.

Bodelle Co. - Chicago, IlI.

DRW Electronics - Farmi
- Farmingd.
Electronics Mkt'g. Corp. _E ale, N.Y.

Electronics Wholesal
ers - Orland
Elmar Electronics - Mt. View, Cal?fﬂa‘

N TELEDYNE RELAYS

A TELEDYNE COMPANY

Telephone (213) 679-2205 772-4357

The Electronic Engineer « Jan. 1969

3155 West El Se
’ gundo Boulevard « H
awthorne, Califor
' nia 90250

DISTRIBUTOR LISTING

Kierulff Electronics
| -Los A
ls“at;u Diego, Palo Alto, Ph(;]eg:ites'
8 uquerque, Denver, Seattle
. ortland and Vancouver, B.C.’
iberty Electronics - vood, Cali
M.lSeattle and Phosen'i:glewwd’ i
iigray Electronics -
.Burlington, Mas:. Yo
'l,dyl:o of Calif. - San Diego
tronic Ind. - i
Raleigh NG, Baltimore and

Solid State Electronics - Dallas
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S-BAND MODEL VAS-413 C-BAND MODEL VAC-414 X-BAND MODEL VAX-415
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Our miniature SRPM low noise TWT amplifiers
were the only ones of their kind when we introduced
them over two years ago. This time in the field
established their excellence. And now,
the supreme endorsement. One of our
competitors has copied them.

The noise, gain and power figures graphed

here are obvious reasons for imitation. Some Q
others: All three models weigh less than 7 pounds, i
are only about 3 by 3 by 11 inches long. All ‘,/

L’

include built-in power supplies and withstand
severe environments. _

So compare versions. Then get your
field-proven Varian original from our
TWT Division, 611 Hansen Way,
Palo Alto, California 94303,
or any of the more
than 30 Varian
Electron Tube and
Device Group
Sales Offices
throughout
the world.

varian

twt division

Years in the fiel
proved it's worth copying.




OUR NEW COVER . . .
. . . reflects the constant
improvement we will be
implementing in our
magazine in 1969, to
make it more helpful to
you, the electronic en-
gineer. Look for a more
attractive cover on the
outside, a more useful
magazine in the inside.

<«———Circle 7 on Inquiry Card

EE| EDITORIAL
From Wien to Washington

B 3
T i

This year has started with a bright note for electronic engineers who believe engi-
neering common sense has a place in government. David Packard, who has his
name inscribed on many an instrument in electronic labs, has been nominated
Deputy Secretary of Defense for the incoming Administration.

Most of our readers have heard the story. William Hewlett and David Packard
formed their now famous company in 1939, to develop equipment embodying a
“contribution” or an “advancement in the state of the art.” Their first commercial
instrument was the still-around 200A audio oscillator, based on Hewlett’s idea to
use a Wien bridge to stabilize the oscillator’s amplitude.

Much as his technical ability accounted for the reputation of H-P’s products,
it is David Packard’s ability to motivate people that accounts for H-P becoming
the largest electronic instrumentation company in the world; and it is for this
ability that he has been drafted for such a responsible job in Washington.

To David Packard go, I am sure, the best wishes of all electronic engineers in
this country, to which we add our own. May the judgment he has so wisely applied
to both people and hardware at his company be with him when he manages the
people and hardware that guard this Nation.

lons do their thing . . . on semiconductors

In this issue, you will find a report on the newest darling in semiconductor processing
—ion implantation. Ton implantation will not give us new devices, just better ones.
It does not speed up the production process, but it can make it more reliable.

Better yet, what makes ion implantation attractive is that it is believable. In a
field where breakthroughs are the order of the day, ion implantation is modestly
billed as a method to complement—rather than replace—semiconductor diffusion.

The report on ion implantation is authored by our Western Editor, Steve
Thompson, who until recently worked at the Semiconductor Division of Hughes
Aircraft Corp., installing one of the most advanced ion implantation systems in
the country. To write this report, Steve visited every semiconductor manufacturer
and many big users of semiconductors. Some had never heard about ion implanta-
tion; some are investing beavily on it; some were most surprised that we knew
they were working on it; one even invited Steve to visit its plant, then closed the
door to him after realizing the competitive position it had thanks to ion implanta-
tion. You can read his interesting report starting on page 68, as well as future
developments in future issues.

Mean-time-between-successes

As we close this issue, we are glued to transistor radios listening to the successful
completion of the Apollo moon mission. Our heartfelt congratulations to astronauts
Frank Borman, William Anders, and James Lovell, to NASA and, in particular,
to all the electronic engineers who have directly or indirectly cooperated in the
Apollo project. As our eyes rose to the sky following the trailblazing spacecraft, we
prayed that the MTBF’s would be accurate, that the redundancies would be enough,
and that the designs would fly. They did.

Albefo Soco/ou:h]
Editor



If you’re building any computer
except a Computer, you need CTrL.

CTrL integrated circuits will give
you more speed for less money than
any other ICs. They’re perfect for
process control systems, test instru-
mentation, central processing units,
computer peripheral equipment —
just about anything short of an
airborne computer.

Keep it in the family.

You can build a complete digital
logic system with Fairchild’s family
of CTwrL devices. We have gates,
flip-flops, inverters and memory cir-
cuits. A dozen different devices that
make a computer easy to package.
And, you’ll need only about 80 per-
cent as many packages as required
with T'TL.

You get out of it
what you put into it.

The key CTrL characteristic is non-
saturating logic. That means you get

fast gate propagation delay (typi-
cally 3nsec) with slow rise and fall
times (typically 6nsec) . So, there’s
no need for transmission lines or

complex packaging. You can build an

entire computer with normal two-
sided circuit boards. Also, CTr@L can
handle signal swings as large as 3V.
It also provides typical noise
immunity of 500mV.

What we’ll do for an encore:

MSI CTrL will be out before the
year ends. CTuL-II will be out even
sooner, offering improvements like
gate propagation delay of 1.5nsec.
(typical, loaded) and a buffer and

The world’s largest manufacturer
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inverter with propagation delays of
5nsec, compared with 12nsec in
standard CTrL. And, the new MSI
and CTrL-II circuitry will interface
beautifully with all these standard

CTrL devices:

O

Device Price (100-999)
9952 Dual NOR Gate . ............ $1.25
9953 Triple AND Gate ............ 1.25
9954 Dual Four-input

ANDIGEE . .o lovrsssninesvis 1.25
9955 Eight-input AND Gate . ...... 1.25
9956 Dual Buffer ................. 1.25
9957 Dual-rank Flip-flop .......... 2.00

9964 Dual Three-input and
Single-input

ANDGates ................. 1.25
9965 Quad Single-input
ANDGate .................. 1.25

9966 Quad Two-input
AND Gates, one pair

withOR-tle . ...............; 1.25
9967 JK Flipflop ................ 2.00
9968 Dual Latch ................. 2.00
9971 Quad Two-input

AND Gates with

OR-tiedpams .. ... cnuenossns 1.25

9972 Quad Two-input
AND Gates, one pair
with OBR-te . .oi oon sniimiis oy 1.25

If you want CTpL-II in sample
quantities, call Fairchild. If you
want standard CT»Lin production
quantities, call a Fairchild distribu-
tor. He has everything you need

to build any computer.

Even a Computer.

PRSI S R
FAIRCHILD
ERERER R
SEMICONDUCTOR

Fairchild Semiconductor /A Division of Fairchild Camera
and Instrument Corporation /313 Fairchild Drive, Moun-
tain View, Calif. 94040 (415) 962-5011 /TWX: 910-379-6435

of LSI admits there’s another way:

The Electronic Engineer + Jan. 1969
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EE| UP TO DATE

Single crystal stores 1,000 holograms

New lithium niobate crystal
shows promise as an ‘“‘optical memory".

Holograms—photographic records made through a form
of lensless photography—are best known for their
ability to reproduce 3 D images. But, equally important,
is their potential to store an enormous amount of
information.

Now scientists at Bell Telephone Laboratories have
discovered a single crystal that they can use as a new
holographic material. The lithium niobate crystal can
temporarily store up to 1000 different holograms. Such
an “optical memory” could store information that could
easily be retrieved or erased.

In operation, a single, cubical crystal of lithium nio-
bate is placed on a rotatable platform. Functioning as a
holographic plate, the crystal records the interference
patterns of light waves as one laser beam is split into two
parts (reference and obiect beams). The reference beam
shines directly on the crystal, while the object beam
shines through a transparency of the object being
stored and strikes the crystal. After a hologram is
formed through the one-centimeter thickness of the
crystal in one direction, the crystal is rotated a fraction
of a degree for each new hologram to be stored.

A lithium niobate crystal can store holograms because
the laser beam frees enough electrons in the crystal to
set up an internal electric field. This field causes a
change in the refractive index of the crystal.

Because this change varies with the intensity of the
laser light hitting the crystal, the crystal can record
intensity variations of a reference beam interfering with
an object beam in much the way that an ordinary holo-
graphic plate does. However, a holographic plate
records this interference pattern as permanent changes
in its transmission properties.

With lithium niobate, the interference pattern is re-
corded as semipermanent changes in the index of re-
fraction through the thickness of the crystal. Holograms
stored in a lithium niobate crystal can be erased by
heating the crystal to 170°C. The crystal can then be
used again and again.

When a laser beam reconstructs an image of an
object stored in an ordinary holographic plate, part of
the beam is absorbed by the transmittance variations of
the plate. This absorption accounts for a low efficiency
(6% ) in ordinary holographic plates. With lithium nio-
bate, however, some parts of the reconstructing beam

10

simply travel faster through different regions of the
crystal. This “phase modulation” of the laser beam by
the refraction index variations of the crystal produces
high reconstruction efficiencies (42% ) because virtually
none of the beam is lost by absorption.

Storing holograms. A laser beam is split into reference and
object beams. The reference beam shines directly on the
crystal, while the object beam shines through a transparency
of the object being stored (top drawing). The cut-away
shows the interference pattern of the two laser beams that
is recorded as semipermanent changes in the index of re-
fraction through the thickness of the crystal.

To store a second hologram, the crystal is rotated a frac-
tion of a degree so that the two beams enter it at an angle
different from that used for storing the first hologram
(middle drawing).

To reconstruct an image from a hologram, a laser beam
is directed toward the crystal at the same angle as that
gf the r;eference beam used to store that hologram (bottom

rawing).

REFERENCE BEAM

LITHIUM NIOBATE CRYSTAL

OBJECT BEAM

SUBJECT OF FIRST
HOLOGRAM TO BE STORED

INTERFERENCE
OF LASER BEAMS

SUBJECT OF SECOND f
HOLOGRAM TO BE STORED

RECONSTRUCTION OF
FIRST HOLOGRAM
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SEE US AT NEPCO
FEBRUARY 11-12-13
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We’'re not afraid
to say it out loud:
‘Value.’

AND HOW IT APPLIES TO OUR METAL PLATE CONNECTIONS.

To us, “'value’” means giving you the most-for-your-money.

Across the entire spectrum. From design expertise to on-time
delivery. The packaging flexibility enabling you to convert from p.c.
connectors to metal plates without changing your cards.

Voltage plane, grounding, bussing features. The choice of any
applicable contact nose. Terminations for stranded or solid wire.
Grid spacing at .100” to .250". All of this, and more . .

to give you the inherent savings and reliable EL co

performance of back panel automatic wiring. o
That's *'value.’”” That's us. Elco Corporation, —F—_U C o rp ora t, on
Willow Grove, Pa. 19090; 215-659-7000. Q T
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Nomex
aint got
No Class.

NOMEX*nylon is the universal insulation. It can be
used for Class A through H in motors, generators,
transformers and wire wrap. As a result, you can
standardize on NOMEX for more efficient operation.
One insulation—NOMEX—for all your needs means
savings on purchasing, inventory and manufacturing.

NOMEX has high overload capacity. UL-rated
at 220° C., it also conforms to MIL-1-24204. It will
not melt or support combustion.

NOMEX is tough enough to withstand the rigors
of automated production. It's available in a variety
of forms and can be easily creased, formed or
punched. NOMEX is compatible with all major resins,
varnishes and enamels. And its resistance to mois-
ture and chemicals is outstanding.

So don’t waste time and money on different in-
sulations. All you need is NOMEX. It's the one insula-
tion that can be used efficiently for any class of
application.

Toget moreinformation,write: DuPont Company,
NOMEX Marketing, Wilmington, Delaware 19898.
In Canada, write Du Pont of Canada Ltd. In Europe,
Du Pont de Nemours Int. S.A., 81,

Route de I"Aire, Geneva, Switzeriand. INOINTEX®

#DU PONT REGISTERED TRADEMARK.

REG.u.s. PAT OFF

Better things for better living
...through chemistry
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Electric discharge trims glaze resistors

Non-destructive process decreases resistor value.

Palladium oxide glaze resistors give you the advan-
tages of fast economic production with reliable results.
However, in most cases the resistors must be given a
final adjustment to achieve the proper value for the
intended application. Normally these glaze resistors are
trimmed by abrasive disks or wheels or even lasers.

Most widely used is the air abrasive method in which
portions of the resistor are cut away until the desired
value is reached. The methods mentioned all require
accurate positioning and accessibility to the surface of
the resistor for trimming; and, they are basically destruc-
tive in that portions of the resistor are removed and
some fresh resistor surface is left exposed. Also, with
these methods, trimming is normally done prior to the
final encapsulation of the resistor.

CYCLING AUTOMATIC
SYSTEM TURNOFF
CIRCUIT
l [
CONSTANT
‘oower INcTuERGRREAJT‘NG_“ Cooir %\ MEASURING
POWER .
SUPPLY CONTROLLER GENERATOR | BRIDGE
RESISTOR
UNDER TRIM

With an electric discharge method developed at
IBM’s Components Division in Hopewell Junction,
N.Y., you don’t have to mechanically position the
resistor and you need not have access to the resistor’s
surface. The method is non-destructive, and after trim-
ming, the resistor is left intact as deposited.

Trimming is done by applying a series of high-voltage,
short duration pulses directly to the resistor’s terminals.
The attendant high clectric fields affect the resistor with-
out destroying the resistor material, and result in a
decrease in resistor value. By choosing the way the field
is applied to the resistor you can control the amount
and rate of decrease,

The resistor value may be increased if a large amount
of energy is dissipated locally in the resistor material.
The electric discharge destroys the material in this area,
making it non-conductive and causes the overall
resistance value to increase.

Some material characteristics, such as Temperature
Coefficient of Resistance (TCR) and thermal sensitivity,
react differently after trimming. The differences appear
to be a function of the formulation used.

Non-destructive trimming of resistors is done by applying a
series of high-voltage, short duration pulses to the resistor.
Both the amplitude and cutoff are controlled automatically
by circuitry which measures the resistor during trimming.

The dice are loaded—automatically

Semiconductor dice handling has been just about fully
automated with a new system built by Transistor Auto-
mation, Woburn, Mass. According to the makers, their
System 1000 virtually eliminates all manual handling
of dice from probing through die attach.

The new system has three major parts. The first,
a wafer prober, interfaces with thé user’s test equip-
ment and data logging to classify all devices on the
wafer. The wafer is then diced, and the dice placed,
one by one, on a continuous strip of flexible “die tape.”
This tape can be rolled up for storage or for transpor-

tation to the third station. Here, the dice are unloaded
fom the tape for die attach.

Besides the handling ease, other benefits are claimed.
A permanent film record of device location on the
wafer is provided at step one. This should help to
pinpoint failure sources and boost yields. And, die
losses should be cut down.

How much will this cost? About $55,000 says Tran-

sistor. Automation Corp. Texas Instruments, Dallas, is
the only taker thus far.

MOS IC takes video in, gives digital out

An unusual circuit developed by RCA accepts an ana-
log video signal and has an oN output during sync and
an OFF output at all other times.

This “sync separator” from RCA’s Somerville, N.J.
facility is a straight p-channel mMos device. According
to an RCA source, the circuit was prototyped purely as
an Mos feasibility model, and will not be sold as a

The Electronic Engineer « Jan. 1969

catalog item or used in any RCA commercial products
in the near future.

Why Mos? The spokesman would only say that he
didn’t know whether the device could be made in bi-
polar form and whether any firms were pursuing this.
No further details are available at this time.

13




e[ uP 0 DATE

Hybrid LSI is repairable

Progress in digital system density depends just as much
on packaging as it does on the chip itself.

With this in mind, the Rescarch and Development
Laboratories of Fairchild Semiconductor have developed
a universal approach to hybrid design. Amenable to
bipolar, Mos and other chip technologies, the technique
uses a compatible multilayer metallization for both the
chips and the substrates. Among the results: high-
density packaging, minimal thermal interface problems,
easy chip replacement, and relatively low cost.

To demonstrate this multilayer metal substrate, the
firm constructed a dual 4-bit arithmetic unit containing
26 monolithic 1cs and a 16 k-bit random access memory
with 304 monolithics.

Dense duos

The base of the substrates are flat alumina cards;
sizes range from 1 x 2 in. to 4 x 5 in. On the smaller
unit, a density of up to 3 I1Cs per cm? is achievable.
With the 4 x 5 card, density is 6 to 9 1Cs per cm?® —
where typical 1 size is 90 x 100 mils?. Maurice Dumes-
nil, member of the technical staff at Fairchild R&D
and co-inventor of the technique, says previous state-
of-art density in hybrids was about one IC per cm?,
on cards measuring 1 x 1 in.

Only a single high-conductivity metal—aluminum—
is used in the hybrids. This eliminates potential metal
interface failures, such as those encountered when both
aluminum and gold are used. It also removes the prob-
lem of different thermal coefficients of expansion. More-

Dynamic duo. Hybrid LSI units from Fairchild use two-layer
metallization on the substrate to achieve high packaging
density. Below is dual, 4-bit arithmetic IC; it contains 26
monolithics on a 1 x 2 in. card. Subsystem at right is part
of a 304-IC memory; shown are 36 beam-leaded storage
chips (each is a 64-bit MOS memory) occupying an area of
about 1100 x 600 mils®.

! 7 = e :—w ;z‘ W
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Metric committee formed

The USA Standards Institute has established a
Metric Advisory Committee. The new committee is
expected to lead whatever course of action this nation
takes on the metric question.

It will discuss problems experienced by industry as a
result of the metric conversion of other countries and
will help to develop policies and programs that will aid

14

over, when dissimilar materials are present, bonds are
weakened by the interdiffusions that occur.

To cut costs, the substrate’s two metal layers are
formed on one side only; this obviates the need for
drilling holes through the ceramic. The two metal layers
arc separated by a glass layer.

Aluminum beam lead devices on the monolithics
ease alignment and permit nonthermal bonding. For
repairs, simply snip the beams and replace faulty chips.
Again, the use of aluminum here—instead of the gold
beam lead system Fairchild experimented with earlier—
is consistent with the one metal approach.

A company spokesman predicts the hybrid multi-
layer metallized substrate will be incorporated in catalog
products later this year. He expects the first commercial
entries will be in memory products, both bipolar and
Mos. Dumesnil and associate John Schroeder will pre-
sent a paper on the techniques at next month’s ISSCC

in studies of metric conversion in the U.S. Specific as
well as general problems involved in metric conversion
will be explored and solutions developed.

Louis Polk, a director of the Institute, will chair the
committee. Executives from some of the country’s
largest manufacturing concerns will serve on the
Committee.
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~ Can you spare less than
~_one gram to solve your

MIL-STD-704 surge
protection problems?

pm—

s e

AN

2 | Unitrode’s tiny 6 watt zener
wAtTS absorbs input energy transients
up to 1000 watts for 1 microsecond.
= 350 watt surge capacity is 600% more than conventional
10 watt . . . 35% more than a 50 watt.

m Weighs less than 1 gram . . . 1/10th of a conventional
10 watt . . . 1/20th of a conventional 50 watt.

= Available in 10 watt rating, stud mounted.
= 6.8 to 100 volt range = low leakage current.

m Electrical characteristics remain stable throughout
life, exceeding the environmental requirements of

MIL-S-19500.
580 Pleasant St., Watertown, Mass. 02172 (617) 926-0404

‘k
UNITRODE ==

Because it is So . . . better get yourself a
built like this complete set of specs.
on the inside. =

This one won't This one won't But this And so will
doit. .. do it, either . . . one will, this one . . .

' % ’ Hard glass fused
to silicon surface

Actual Size Actual Size

i

Actual Size £F

10 WATT —
UNITRODE Check off the reply
‘ card number now
Terminal pins or call
10 WATT metallurgically D G COLLECT
CONVENTIONAL oonded directy g (6r1€7§n926-0404
0 stlicon

6 WATT
50 WATT CONVENTIONAL  UNITRODE
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E-H leads the pulser
field in price...

and performance.

If you decide to buy a pulser just because it costs less
and it solves your immediate problems, your problems
may have just begun. Before you know it, that pulser
has become obsolete and you're out shopping for an-
other one. Need a better solution? E-H offers it.

Every E-H instrument is designed to give you the
most advanced solution to your problems today. And
to take care of tomorow’s problems, each instrument
has a built-in margin of performance you never see in
the written specs. That's the extra that makes an E-H
pulser extra useful in years to come.

Here, for example, is one of our newest problem

E-H MODEL 137

solvers — the E-H Model 137. This all solid-state pulser
has rep rates of 10 Hz to 100 MHz, pulse amplitude of
up to =5V into 50 ohms (== 10V open circuit), DC off-
set of up to =5V into 50 ohms (=+=10V open circuit),
transition times of <2ns to 200 s, leading and trailing
edges independently variable up to ratio of 10:1, exter-
nal drive requirements 1.2V pos or neg. Price, $1,950.
f.o.b. Oakland.

Call your E-H representative for a demonstration
now. And if our new Model 137 doesn’t quite fit your
needs, ask about E-H’s eighteen other advanced prob-
lem solvers.

q/ E-H RESEARCH LABORATORIES, INC.

515 11th Street * Box 1289, Oakland, California 94604 + (415)834-3030 « TWX 910-366-7258

In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven, The Netherlands, Telex 51116
In Japan: Iwatsu Electric Co., Ltd., No. 710, 2-Chome Kugayama Suginami-Ku, Tokyo, Japan
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FOREFRONT

The EE Forefront is a graphical representation of the
practical state of the art. You will find here the most
advanced components and instruments in their class,
classified by the parameter in which they excel.

A word of caution
Keep in mind the tradeoffs, since any parameter can

be improved at the expense of others. If there is no
figure-of-merit available, we either include other signifi-
cant parameters of the same products, or we provide
additional bar graphs for the same products.

Do not use these charts to specify. Get complete
specifications first, directly from the manufacturers.

INSTRUMENTS

General - purpose oscilloscopes

H-P I80A

50 100
Differential voltmeters (dc)
Fluke 885A

Fluke B95A
Fluke 883A Fluke 887A

Tektronix 454

Real -time

1 bandwidth

Fluke BBIA  Prec.Standards 1002 H-P 3420

MHz

F 1 Accuracy

0.0l 0.005
Fluke 887A
Prec.Std's 1002 Fluke 823A
H-P 3420 Fluke 883A

0.0025 0.002

Fluke 803D Fluke 885A

0.00I * % of reading

Fluke 88I1A

1375 1350 1300 1215 1055 965

Differential voltmeters (dc)

Fluke 803D
Fluke 823A Fluke 887A
Fluke 883A Prec. Standards 1002

H: Accuracy

Price

825

X-Y Recorders
Varian F-BOA  Honeywell 500

(oX| 0.05 * % of reading
Pulse generators e
Datapulse 112 Research 122 Datapulse 113
Highest PRF
125 150 200 250 MHz

Honeywell 560

M: Sensitivity

20 10 4 [ wV/mm
MICROWAVE AMPLIFIERS
Transistor - power
Microwave Power Devices
RCA Y-1100 1000-10 1600-1.5 RCA $230
Frequency
400MHz I 1.6 2.0 GHz
(1 kW=-CW) (IOW-CW) (1.5W-CW) (I125W-CW)

The Electronic Engineer + Jan. 1969
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INTEGRATED CIRCUITS

Power amplifiers

Amperex TAA 300
G.ElectricPA234
Motorola MC1554
Westinghouse WC 334
Trans Tek TT1

G.Electric PA237 . Electric PA 246
Power output

1 2 3 4 5 Watts

SEMICONDUCTORS

Silicon power transistors (npn)

Delco DTS-425
Solitron SDT-1164

Motorola
Amperex A750 MJE 840!
Vcex - Volts
700 750 1200 1400
Solitron 1
2N4866 Transitron STI40I! Westinghouse 1441
Collector current
50 70 80 100 150 Amps
(VCEO:QOV) (VCEO=I00V) (VCEO=I20V)
Thyristors

Westinghouse 282 (1500V)
International Rectifier
70 PA

General Electric

C790 (1200V) G.E. C500X!(1800V)

Forward current

475 550 740 1000 1200 Amps
AIR-COOLED WATER COOLED

International Rectifier
7IRAIO0S80

General Electric C380

Motorola 2N4199

Voltage rise
200 400 500 600 dv /d'_\//"'s
National
NL-FI50

International Rectifier
8IRLBI20

General Electric

C380 Motorola 2N4199

Current rise

100 600 800 5,000 10,000 di/dt-A/us
(125A-1200V) (I00A-50V)

Microwave semiconductors (power)

United
Aircraft RCA TA7003
TRW2N5I78 SI050 TRW 2N4976 H-P 39143A
Frequency
500 MHz | 2 q 10 20 GHz
(50W-CW (IOW-CW (1 WATT-CW (IOmW-CW
TRANSISTOR)  TRANSISTOR) ~ TRANSISTOR) GUNN 0SC.)

Junction FETs
Siliconix 2N5397

Hf ] Noise figure

4 3 25 2 dB
(450 MHz
18 dB GAIN)

vhf MOS FETs

RCA 3NI52
H—; ] Noise figure
4 3 25 2 dB
(200 MHz
16 dB GAIN)
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_ TTL
~ Trends

from Texas Instruments

At Hewlett-Packard, TTL from Tl is taking over the tough jobs...in measurement...in computation...in analysis.
The following pages tell why, and show how TTL is helping HP hetter serve tomorrow’s customer needs —today!




TI helps Hewlett-Packard...

head off heart attacks
before they happen

Recent events have focused atten-
tiononthe “Cardiac Intensive Care
Unit” —one of modern medicine’s
newest weapons in the battle
against heart disease. It is here
that diagnosis and prompt treat-
ment enables doctors to effectively
head off fatal coronaries before
they happen. To serve this need,
Hewlett-Packard developed the
Model 7822A Arrythmia Monitor —
first of a new generation of ultra-
high-reliability, compact and low-
cost medical instruments made
possible with Series 74N TTL in-
tegrated circuits from T1.

This instrument “remembers”
the normal heartbeat characteris-
tics of a coronary patient, then
compares each succeeding beat
against the stored norm. If dis-
turbances occur, it provides an im-
mediate warning, enabling hos-
pital personnel to effectively head
off catastrophic heart attacks be-
fore they happen.

Selling for under $2,000, the HP
7822A uses fewerthan 75 TTL plas- 3
tic plug-in packages, neatly ar- 5
ranged on just four PC boards.

This simplicity underlies the in-
herent reliability of the instru-
ment. Circuits such as SN7473N
and SN7474N multifunction flip-
flops plus MSI Counters, Shift Re-
gisters and Quad Latches greatly
reduce the probability of failure.

And the rugged plastic package
was proven—by months of actual
hospital field trials and lab tests—
to have outstanding durability. For
example, one HP engineering test-
ing program subjected the 7822A

f

div

Typical use of
HP 7822A is shown here.
As a focal instrument

to 6 months of continuous opera- in today's “Cardiac
tion under the most severe hospital Intensive Care Unit,”
environment conceivable: 45°C itis an important new

temperatures and 95-98% relative aid in the prompt
detection and treat-

hun?ldlty. ,\oz.‘ a single IC _(‘(u/(’(l ment of potentially
during the entire 6-month period! fatal coronaries.




at Hewlett-Packard

TTL takes over the
tough jobs

Recently, three divisions of
Hewlett-Packard faced three dif-
ficult —but totally different —de-
sign challenges. Independently, all
three solved their problems with
Series 74N TTL integrated circuits
from Texas Instruments. Here’s
what happened:

In measurement —many exclusive
MSI functions helped drastically
reduce package count and inter-
connections, giving life-saving
reliability to HP’s new 7822A
Arrythmia Monitor.

This instrument “remembers”
the normal heartbeat characteris-
tics of a coronary patient, then
compares each succeeding beat
against the stored norm. If dis-
turbances occur, it provides an im-
mediate warning, enabling hospi-
tal personnel to effectively head
off castastrophic heart attacks be-
fore they happen.
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In computation —Over 290 TTL cir-
cuits —including high speed Series
74H units —helped HP to halve the
size and trim the cost of it’s lowest-
cost computer by another 31%. The
Model 2114A accomplishes all this
while retaining 2.0 pusec memory
performance and a wide range of
input/output options.

In analysis— HP cracked a two-year
design deadlock when they zeroed-
in on TTL. After two state-of-the-
art logic approaches were explored
without success, HP engineers
tried TTL and that turned the
trick. The Model 5400A Multi-
Channel Analyzer features 100
MHz clock rate, 1024 channels, and
a 2.2 usec memory . .. all this for
$9950. Nearly 400 Series 74N ICs
make it possible.

In yet another instance, the
same division significantly reduced
development time on the Model
5480A Signal Averager by building
on experience gained with the
5400A.

TTL added values

These successes brought bonus
benefits. Other HP divisions are
now designing new instruments
around TTL and achieving lower
development expense, better per-
formance, reduced overall costs,
and improved reliability.

This mushrooming usage of TTL
also brings to HP the advantages
of volume purchasing... quantity
discounts and assured availabil-
ity. Furthermore, inventory costs
are held down because one family
of ICs now takes the place of
several.

What are your problems? Take
a tip from Hewlett-Packard and
design with TTL from TI. You’'ll

likely end up with a better
product at a more 5
attractive price—and 0

probably increase your
profits to boot!

TEXAS INSTRUMENTS

INCORPORATED




crack a two-year
design deadlock

il 5480A SIGNAL ANALYZER

HP 5480A Signal Averager helps
researchers pull weak signals
out of overwhelming noise.

HP 5400A Multi-Channel Analyzer typifies
sophisticated new generation of
analytical instruments —made possible
by TTL integrated circuits.

HP engineers liked what they saw
when they investigated Series 74N
TTL. They had already spent two
years trying to develop the 5400A
Multi-Channel Analyzer...an ad-
vanced instrument which would
feature the fastest known A/D con-
verter (100 MHz clock rate), 1024
channels with 106 counts per chan-
nel, and a 2.2 usec memory cycle.
Two state-of-the-art custom logic
approaches had been explored
without success.

With Series 74N TTL, HP found
a broad selection of standard
multifunction circuits, a reliable
plastic package, volume availabil-
ity, and low cost per function —
important considerations in a de-
sign using almost 400 IC packages
and yet carrying a price tag of only
$9950.

Performance-wise, the 74N TTL
line proved to have almost ideal
characteristics —speed, fan-out
and noise immunity.

One success leads to another.
Experience with TTL in the Model
5400A paved the way for its use in
the Model 5480A Signal Averager.
This new instrument enables sci-
entists to see low-level repetitive
signals literally buried in extrane-
ous noise. It also features a 1000-
word, 24 bit-per-word memory, and
100,000-sample-per-second sweep
rate.

Again, use of Series 74N TTL
logic substantially shortened the
overall design cycle. Although de-
velopment of the 5480A Signal
Averager started two years later
than the Model 5400A, both
reached production at virtually
the same time.



trim the cost
of low-cost computers

by another 31%

General lab use typifies new low-cost
applications for HP 2114A Computer
—made possible by TTL technology.
Desk-top compactness and easy
accessability are IC bonus features.

Cut cost by another 31 percent...
reduce size by 50 percent...yet
retain virtually all the speed and
performance capabilities of the
existing HP lowest-cost model. This
tall order faced HP engineers when
they set out to design a desk-top,
third generation computer to
serve scientific and industrial mar-
kets. Specifically, they wanted the
new Model 2114A to sell for less
than $10,000.

An analysis of various logic types
soon cut the problem down to size.
Comparison revealed that TI’s Se-
ries 74N TTL cost less than half as
much and consumed only one-third
the power of the logic family then
considered standard. Equally im-
portant, there were no serious in-
terface problems between TTL and
the earlier logic. This assured com-
patibility with a wide variety of
existing HP input/output periph-
erals and companion accessory
equipment.

In the area of performance, HP
engineers were pleased to find that
standard and high-speed TTL logic
could more than fill the bill. And
all circuits were available in the
same plug-in plastic package.

Furthermore, the single voltage
requirement of both standard and
high-speed TTL further reduced
power supply requirements. And
noise margin and other character-
istics were also compatible.

Finally, a large selection of MSI
functions was readily available.
Among more than 250 IC’s in the
Model 2114A are such key circuits
as 7483N Four-bit Full Adders and
7475N Quad Latches. These paved
the way to important package
count reductions, resulting in low-
er cost, smaller size and improved
reliability.




Let TI plastic ICs

tackle your
tough jobs, too.

This circuit board contains 14 of the nearly 1000
plastic integrated circuits used in the Hewlett-
Packard products described on these pages.

Hewlett-Packard engineers took a
long, hard look at packages as well
as circuits when they selected TTL
from TI. They considered rugged-
ness and reliability along with
price and availability before decid-
ing on Series 74N TTL.

They weren’t alone. More than
1500 other users and OEM’s—in-
cluding such companies as Bunker-
Ramo, Systron-Donner and Friden
—have put to work more than 20
million TI plastic IC packages dur-
ing the past three years.

Experience has been so satisfac-
tory that TI plastic is the indus-
try’s fastest growing IC package
design.

The economy of plastic is only
half the story. MSI makes possible
even lower costs as well as greatly
improved reliability.

MSI means fewer packages, few-
er interconnections, fewer circuit
boards...in short, fewer things to
gowrong in your systems, and few-
er things to add to costs.

That’s why TI’s proven plastic
package—along with MSI—assures
you the lowest cost-per-function of
any logic available today.

Why not de-
cide for your-
self? This new
I1C Catalog Sup-
plement details
all TTL/MSI cir-
cuits from TI—
including flat-
packs and C-
DIPs as well as the popular proven
plastic. Functions run the gamut
from decoders to shift registers to
active element memories—all told,
full specs for 22 MSI devices in-
cluding 14 completely new types.

For your copy, plus data sheets
on other TTL circuits, just drop a
note on the back of your business
card and mailtoTexas Instruments
Incorporated, P.O. Box 5012, MS
980, Dallas, Texas 75222, Better
yvet, simply phone your 5
TI sales engineer or /}
authorized distributor.

TEXAS INSTRUMENTS

INCORPORATED
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SHORTS

David and Goliath, Control Data Corp. has sued

IBM for treble damages. Charges are that IBM vio-
lates antitrust laws and engages in monopolistic

practices. IBM will “defend the suit vigorously”.

Separate software. By July 1, IBM will restructure
support prices. A possible result: such “free” services

as maintenance, software, training, debugging, and
updating will be priced separately. This will lower

hardware costs.

Supercool. A Bell Labs aluminum-niobium-ger-
manium material becomes superconductive when
cooled with liquid hydrogen, at about 30°F warmer

than with liquid helium, which is much more expen- M“ cAPs
sive.

Gigabits. An Ampex experimental random-access SUB-MINIATURE CERAMIC
memory system stores 50 billion bits on a 10%2-inch

reel of tape. The system is based on videotape re- MOLDED
cording techniques. CAPACITORS

Congressional fallout. Congress passes the Radio-
logical Control Act. It directs the HEW Secretary to
administer standards for all electronic products.

No compensation. Motorola will offer a low-input-
current, high-slew-rate compensationless IC op-amp
by July. Currently, only National Semi, Radiation,
Inc., and Fairchild compete.

Tuned in. A new phase-locking technique, which 1 ME

! : ; : ; 1. MF
permits user-tuning, will be incorporated in an up- . y
coming Signetics linear IC. in CKOS in CKO6

100 WVDC

Inductorless regulator. Vidar Corp. has taken the .01 MF 1 MF
filter from in front of a regulator and put it directly in CKO5 in CKO6
off the power transformer secondary through recti-
fiers to switching transistors. Data acquisition prod- 200 WvDC
ucts using this principle will be available shortly. 001 MF

in CKO5

Microwave hothouse. Engineers at Raytheon Corp.
looking for improved methods of cooling microwave
tubes, have uncovered a potential bonanza. They
have prototyped a device, no larger than a coffee
can, which can reportedly heat an entire home

economically. REPUBLIC ELECTRONICS CORP.

176 E. 7th St. PATERSON, N. ). 07524
201 - 279-0300 TWX 710-988-5908
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Fairchild told everyone
what MSl could do.

Ever since we introduced medium scale
integration in 1967, we've been talking
about the systems approach to computer
design. Basic, compatible fundamental
building blocks that do more jobs than a
hundred Integrated Circuits.

Versatile circuits that function like shift

Circle 14 on Inquiry Card

registers, counters, decoders, latching
circuits, storage elements, comparators,
function generators, etc. We said we had
enough MSI device types to build more
than half of any digital system you could
design. An imaginative company in
Boston took us up on it.

The Electronic Engineer » Jan. 1969



We're glad someone
was listening.

Data General Corporation built a revo-
lutionary computer with Fairchild MSI
circuits. The building block approach
allowed them to design and build the
whole system in six months. And put it in
either a desk top console (shown above)
or a 5V4-inch high standard 19-inch rack
mount package. The central processor fits
on two 15-inch by 15-inch plug-in circuit
boards.

Another board houses a 4,096-word
core memory. A fourth board provides
enough space for eight | /O devices. And
there’s still enough room left for boards
that expand the memory capability up to
16K. Any circuit board can be changed in
seconds, so the computer has zero down

time. The NOVA is the world’s first com-
puter built around medium scale integra-
tion. The first general-purpose computer
with multi-accumulator/index register
organization. The first with a read-only
memory you can program like core. The
first low-cost computer that allows you to
expand memory or build interfaces within
the basic configuration. And the first to
prove the price/performance economy of
MSI circuitry: The NOVA 16-bit, 4K word
memory computer with Teletype interface
costs less than $8,000.

If you'd like more information on MSI,
use the reader service number on the
opposite page. For specs on the NOVA,
use the reader service number below.

EmOr AR R
FAIRCHILD
e ey il
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation m 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 m TWX: 910-379-6435
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SOLITRODE

—The ultra reliable rectifier.

NOW AVAILABLE IN 3 RECOVERY SPEEDS

RECOVERY SPEED | SERIES PI t FORWARD

i rr CURRENT

Normal (BF) 1N5180 & 1200 5 u sec. to 4 Amps
1N5207

Fast (BFR) IN5185t0 800 150nsec.  to4Amps
1N5190

Ultra Fast (BF X)

400 75 n sec. to 4 Amps

NOW AVAILABLE IN 3 FORMS

GLASS

GOLD  |e— .050 TYP Au 00005 NOMINAL
o 1 GLASS

b

&«

GoLD

OOMANX, a3

Chip

il

Stud

. c————

Axial Lead twice actual size

SOL_ITRODE® is a void free, double glass passivated
rectifier. The outer glass casing withstands temperatures
up to 800° C. The inner glass (the one that passivates the
junction itself) withstands up to 1000° C.

SOLITRODE® exceeds the requirements of MIL-S-19500,
and does not exhibit ionic migration.

SOLITRODES® is a highly reliable miniature rectifier that
performs equally to other devices over 100 times its size.

For specifications and prices, write the address below.
Or call 800-431-1850. (It's a local call from anywhere in

the U.S.)

EJolitron NN

256 OAKTREE ROAD,
TAPPAN N.Y. 10983
TWX: 710-576-2654
TELEX: 13-7346

FREE CALL: 800—-431-1850
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Yes, relays do fail
Sir:

“Why relays fail . . .”” in your Oc-
tober 1968 issue (pp. 69-72) is a
timely article covering common mis-
conceptions regarding use of electro-
mechanical relays by electronics engi-
neers. Let us have more of the same
on relays and their common abuses.
We would like to supplement the arti-
cle as it were by pointing out that the
100 mA failure area due to contact
contamination is referred to by the
military as “minimum current” and
test requirements both above and be-
low do not preclude contact failure in
between as was explained in the arti-
cle. Not all QPL crystal can relays
require minimum current capability
to be tested for, but can be had from
QPL sources if proper part number
is specified—e.g. M5757/10-017.

That contacts are not synchronized
in action—especially for crystal can
relays, where contact travel is mini-
mal—is well taken. Bifurcated con-
tacts that are available from some
manufacturers would be better. Read-
ers should be cautioned not to parallel
contacts on the mistaken assumption
that heavier currents can be switched.
Also, screening relays to select those
where contacts may appear to both
“break-before-make” (form C) is
dangerous. If the circuits are critical
to “make-before-break” (form D),
action screening will not uncover ef-
fects of wear, shock, vibration, drift
with time and temperature. Bifurcated
contacts where one side has a different
resonant frequency than the other
will result in less open contact time
under contact bounce without the haz-
ards mentioned.

Peter Amedeo
Reliability &
Maintainability Control
Grumman Aircraft
Engineering Corporation
Bethpage, L. I., New York

The mathematician

and the transformer
Sir:

The article “The mathematician and
the transformer” [The Electronic En-
gineer, Sept. 1968, p. 19], with output
voltages in a series of powers of three
recalls to me a design of mine made
by PAECO Products of Palo Alto and
sold to me at Hewlett-Packard in
April 1961. PAECO’s transformer
#6-1592 has secondary voltages of
1/3,1, 3,9, and 27 V.

(Continued on page 30)
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Let us throw you a curve

If you've problems with
LC circuits, Magnetics’
new Iso-Q contour curves
speed ferrite pot core
selection.

No more squinting at tangles of
curves on log paper to find the
ferrite pot core size you need.
Magnetics’ new Iso-Q) contour
curves let you zero in on your target
size in seconds. We've plotted over
100 of these time-savers to handle
more than 909, of normal design

requirements. They're all contained
in our new Ferrite Cores Catalog,
first of its kind in the industry.

Magnetics’ high purity ferrites

cover frequencies up to 2 megahertz.

Linear temperature coefficients

on 750, 1400 and 2000 permeability
materials are guaranteed from
—30° to +70°C. Flat temperature
coefficient on 2300 perm material is
guaranteed from +20° to +70°C.
Magnetics’ wide selection of ferrites
comprises eight international stand-
ard sizes and five additional sizes—
175 part numbers for design
freedom. We can give you quick

delivery from our large inventory
that includes both gapped and un-
gapped cores in your most asked-for
sizes. Of course, we provide
one-piece clamping hardware for
most sizes. Finally, we offer you a
complete choice of tuning assem-

blies, bobbins and shapes—toroid,
E, U and I.

Get your set of our
new Iso-Q Curves.
You'll like their
curvilinearity.
Magnetics Inc.,
Butler, Pa. 16001

LT B et BTN

MAGNETICS inc.
®
Tape, Powder, Bobbin, Ferrite Cores « Laminations « Photo-etched Parts « Specialty Metals « Engineered Control Systems —'"
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for
Qu.ality
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Quantity
AMELCO

 from

'Lf o "'JL

MONOLlTHlC DUAL “P” FET; i

A IaNEREs
veg. "“szz = 5 .0 mV. max. ;
A(Vgs. —Veszl/AT =10 ,uV/c max
2 YFSII Yrsz,— 5% m,lﬂ

to

—

i

EPOXY SWITCHING FET S
. AND -

EPOXY Hl FBEQUENCY FETS
g, AVIBSFR" <L
Y5=4000 ;anhot mln al 200 MHz
v,,.-4ooo pmhos mln at 200 MH:
a.,-w dB min at 200 MHz .
NF :N dB max at 200 Ml-lz
U1mE
Ro,‘ =300 max
|o(om *0-2 M MIX
Bvoeo \4,°V. min

World’s Largest Producer of FETS

"""

Amelco Semiconductor
1300 Terra Bella Ave., Mountain View

California 94040, Phone (415) 968-9281 TWX (910) 379-6494

(Continued from page 28)

I was pleased to see your magazine
publish the detailed mathematical ex-
planation of the method of determin-
ing the proper connections for any de-
sired voltage. So that your readers
might not be left with the impression
that there was no simple method of
learning these connections, I have re-
ferred to my notes and offer the same
example that was presented in the arti-
cle. There is certainly an advantage
in not having to refer to any tables.

Winding connections

The desired voltage can be ex-
pressed as the sum of terms which are
powers of three with coefficients of
+1, —1, or 0. These coefficients dic-
tate whether the transformer windings
are connected in phase, out of phase,
or not at all.

The following algorith will quickly
determine the sequence of the coeffi-
cients without reference to any tables.
The desired number (voltage) is re-
peatedly divided by three, with the
remainders saved. At any step where
the remainder is 2, subtract 3 from
the remainder and add 1 to the quo-
tient at that step. The desired sequence
of coefficients is given by reading the
remainders in reverse order, from the
last one to the first.

Example: ILet the number (voltage)
be 65.

Remainders

The desired sequence is thus: 1, —
1,1, —1
That is: 65 =(31) —(3%) +(3?
+(31) —(39
or 65 =81 —27 +9 +3 —1
and the windings are connected
81v 27v 9v
in out of in
phase phase phase
3v lv
in out of
phase phase
Robert H. Youden
Director of Engineering
Miracle-Hill Electronics
Santa Clara, California

Letters to the editor are published at the
discretion of the magazine. Please say so
if you do not want to be quoted. Signed
letters have preference over anonymous ones.
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ur New MC1545

s A Gated, Dual-Channel,
Differential Inputs & Qutput
DC Wideband Video Amplifier

Integrated Circuit!

How versatile can one chip get?

So universally-usable is this new linear circuit, you can use it as a video switch, sense
amplifier, multiplexer, modulator, FSK (frequency-shift-keying) circuit, limiter,
AGC circuit, or pulse amplifier . . . to name just a few typical applications.

To make it even more universally usable, we've priced it at just $5.50 (100-up). And,
that’s for a full-temperature-range device — in the 10-pin TO-5. It’s also available in

the dual in-line ceramic package and ceramic flat pack.

You can use the new MC1545 in a wide variety of equipment, too; like C.A.T.V. and
Closed-Circuit TV, because of its excellent wideband characteristics (75 MHz, typ)
and its gate-controlled, two-channel amplifier. Other uses include computer memory
systems, communications systems and instrumentation.

Here are some of the features that make it all possible:
e 20 nSec (typ) channel-select time.
e Differential inputs and output.
e High Input Impedance — 10 K ohms (typ)
e Low output impedance — 25 ohms (typ)

To prove to yourself that MC1545 is the Best Wide-band Amplifier Yet, send for
our data sheet.

~ where the priceless ingredient & cane! . MOTOROLA Integrated Circuits

MOTOROLA SEMICONDUCTOR PRODUCTS INC./P.0. BOX 20912/PHOENIX, ARIZONA 85036

The Electronic Engineer « Jan. 1969

Circle 19 on Inquiry Card 31




22V - 28VDC
INPUT

Our new

high energy
silicon power
transistors.

15 Amperes.
80 to 120 Volts.

The Delco Radio DTS-100 series. NPN. Triple dif-
fused. Rugged.

All the experience gained from our very high
voltage silicon power line has gone into the devel-
opment of these new transistors.

They were especially designed for the extreme
under-the-hood environment of our |.C. voltage reg-

ulator. We found oo
these devices ideal 0
for applications re- 10

quiring high effi-
ciency switching

or high power g
amplification. § % soume rusesor e s N
The Delco triple §  ‘meee AN
sequential diffu- i 1 s e s V1
sion gives the DTS-  ©° I %8 A S I \
100 series the high as ! muii

2 5 10 D st HDOO

Vce (VOLTS) ors-ioal |
Safe Operating Curves o 101 —

6.8K

o+

ouTPUT
28 VDC
100 WATTS
MAX.

2N3703

For Switching.

energy reliability that's needed for very tough
switching jobs—resistive or inductive. The 28-volt
shunt regulator above, for example, is amply han-
dled by the DTS-103 (Vcex of 80 volts). For complete
data on this circuit, ask for our application note
No. 42.

In the direct coupled audio amplifier above right,
the DTS-107 displays the excellent frequency re-
sponse, gain linearity and transconductance of this
family. This circuit is covered in our application
note No. 43.

Our solid copper TO-3 package provides maxi-
mum thermal capacitance to absorb peak power
pulses. Its low thermal resistance (0.75°C/W Max.)
assures the extra reliability you expect from Delco.

Like more information? Just call us or your near-
est Delco Radio distributor. All our distributors are
stocked to handle your sample orders.

SEMICONDUCTOR DISTRIBUTORS: EAST—BALTIMORE, MD. 21201, Radio Electric Service Co., 5 North Howard Street, (301)-539-3835 BINGHAMTON, N.Y. 13902,
Federal Electronics, Inc., P. 0. Box 1208, (607)-748-8211 CLIFTON, N.J. 07015, Eastern Radio Corporation, 312 Clifton Avenue, (201)-471-6600 NEWTON, MASS. 02195, The
Greene Shaw Co., Inc., 341-347 Watertown St., (617)-969-8900 NEW YORK, NEW YORK 10036, Harvey Radio Co., Inc., 2 West 45th St., (212)-582-2590 PHILADELPHIA, PENN.
19123, Almo Industrial Electronics, Inc., 412 North 6th Street, (215)-922-5918 PITTSBURGH, PENN. 15328 RPC Electronics, 620 Alpha Drive, RIDC Park, (412)-782-3770
WOODBURY, L.1., N.Y. 11797, Harvey Radio Company, Inc., 60 Crossways Park West, (516)-921-8700 SOUTH—BIRMINGHAM, ALA. 35233, Forbes Distributing Company, Inc.,
1416 Fourth Ave., South, (205)-251-4104 MIAMI, FLORIDA 33142, Mountain Electronics, Division of Mountain National Co., 3730 Northwest 36th St., (305)-634-4556 RICH-
MOND, VA. 23220, Meridian Electronics, Inc., 1001 West Broad Street, (703)-353-6648 WEST PALM BEACH, FLA. 33402, Mountain Electronics, Division of Mountain National Co.,
1000 N. Dixie Highway, (305)-833-5701 MIDWEST—CINCINNATI, OH10 45237, United Radio, Inc., 7713 Reinhold Drive, (513)-761-4030 CLEVELAND, OHI0 44125, The W. M.
Pattison Supply Co., Industrial Electronics Division, 4550 Willow Parkway, (216)-411-3000 INDIANAPOLIS, IND. 46225, Graham Electronics Supply, Inc., 122 South Senate
Avenue, (317)-634-8486 KALAMAZO0O, MICH. 49005, Electronic Supply Corp., P.0. Box 831, (616)-4626 KANSAS CITY, MO. 64111, Walters Radio Supply, Inc., 3635 Main
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For Audio Amplification.

| | v v IV P g ! b Vee(sal) P P FIELD SALES OFFICES
¢ ¢ CEX CE0 [VCEOSUS)| WFE | RFE | VCE(Sa t t Union, New Jersey* 07083  Detroit, Michigan 48202
Cont. |Pulsed | @ .5mA|@ .25mA|@ 250mA | @ 5A |@ 20A | @ 10A | MHz | Watts Box 1018 Chestnut Station 57 Harper AvIe?nue
Amps. | Amps.| Volts | Volts | Volts [ (Min.) | (Max.) | (Min.) | (Max.) (201) 687-3770 (313) 873-6560
1 T Syracuse, New York 13203 Chicago, lllinois* 60656
DTS-103 15 20 80 60 60 20-55 5 1.8 4 125 1054 James Street 5151 N. Harlem Avenue
§ e s e N |l S L Y e i ] (315) 472-2668 (312) 775-5411
Santa Monica, Calif.* 90401 Kokomo, Ind. 46901
DTS-104| 15 | 20 80 60 60 |50-120| 10 15 4 125 726 Santa Monica Blvd. 700 E. Firmin
= e S e — = — 1 (213) 870-8807 (317) 459-2175 Home Office
DTS-105 15 20 100 80 75 20-55 5 1.8 4 125 *Office includes field lab and resident engineer for application assistance.
| ;
A | 3 [ | - I A J
i ‘ \
DTS-106| 15 | 20 | 110 | 9 80 [2055 | 5 | 18 4 | 125 GM
DTS-107| 15 20 120 100 85 | 20-55 5 1.8 4 125 —
o 1

MARK OF EXCELLENCE

DELCO RAD/IO

DIVISION OF GENERAL MOTORS
KOKOMO, INDIANA

THE KOKOMOANS ARE IN POWER

Street, (816)-531-7015 MINNEAPOLIS, MINNESOTA 55401, Stark Electronics Supply Co., 112 3rd Ave., North, (612)-332-1325 SKOKIE, ILL. 60076, Merquip Electronics, Inc.,
7701 N. Austin Ave., (312)-282-5400 ST. LOUIS, MO. 63144, Electronic Components for Industry Co., 2605 South Hanley Road, (314)-647-5505 WEST—ALBUQUERQUE,
N. M. 87103, Sterling Electronics, Inc., 1712 Lomas Blivd., N. E., (505)-247-2486 DALLAS, TEXAS 75201, Adleta Electronics Company, 1907 McKinney Ave., (214)-742-8257
DENVER, COLO. 80219, L. B. Walker Radio Company, 300 Bryant Street, (303)-935-2406 HOUSTON, TEXAS 77001, Harrison Equipment Co., Inc., 1422 San Jacinto Street,
(713) 224-9131 LOS ANGELES, CAL. 90015, Radio Products Sales, Inc., 1501 South Hill Street, (213)-748-1271 LOS ANGELES, CAL. 90022, Kierulff Electronics, Inc., 2585
Commerce Way, (213)-685-5511 OKLAHOMA CITY, OKLAHOMA 73102, Radio, Inc., 903 North Hudson, (405)-235-1551 PALO ALTO, CAL. 94303, Kierulff Electronics, Inc.,
3969 East Bayshore Road, (415)-968-6292 PHOENIX, ARIZ. 85005, Sterling Electronics, Inc., 1930 North 22nd Ave., (602)-258-4531 SAN DIEGO, CAL. 92101, Milo of California,
Inc., 2060 India Street, Box 2710, (714)-232-8951 SEATTLE, WASH. 98108, Kierulff Electronics, Inc., 5940 6th Ave., South, (206)-763-1550 TACOMA, WASH. 98402, C & G
Electronics Company, 2502 Jefferson Ave., (206)-272-3181 TULSA, OKLAHOMA 74119, Radio, Inc., 1000 South Main Street, (918)-587-9124 CANADA—SCARBOROUGH
ONTARIO, Lake Engineering Co., Ltd., 123 Manville Rd., (416)-751-5380
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Semiconductor
Burn=in

Economical TEC
power aging and
life test systems
save you
time and money

Test Equipment Corporation has
for years designed and developed
sophisticated environmental test
equipment. This experience plus
total ‘“in-house” capabilities of-
fers both manufacturer and user
significant time and cost savings
for semiconductor burn-in and
life test.

Total “in-house” TEC manu-
facturing capabilities range from
printed circuit boards, fixturing
and socketing to NASA-approved
machine shop, electrical assem-
bly and micro-welding facilities.
This makes possible extremely
fast turn-around, thus saving
valuable time and money.

In addition, TEC develops,
builds and operates for customers
complete “in-house” power aging
and test facilities capable of
meeting the most stringent
requirements.

v To discover
how TEC burn-
in systems and
“in-house” facili-
ties can help
you, please write
. for this descrip-
- tive brochure.

Test Equipment

P.0. BOX 20215, DALLAS, TEXAS 75220 - 214/357-6271
Circle 21 on Inquiry Card
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JANUARY
12 13 14 15 16 17 18
19 20 21 22 23 24 25

30_ 31}

26 27 [28 29

Jan. 21-23: Reliability Symp., Palmer
House, Chicago, Ill. Addtl. Info.—
J. E. Condon, Office of Reliability &
Quality Assurance, NASA Hdgs.,
Washington, D. C.

Jan. 22-24: Hawaii Int'l Conf. on
System Sciences, Univ. of Hawaii,
Honolulu, Hawaii. Addtl. Info.—F. F.
Kuo, Dept. of EE, 2565 The Mall,
Univ. of Hawaii, Honolulu, Hawaii
96822.

Jan. 26-31: Winter Power Meeting,

Statler Hilton Hotel, New York, N. Y.

Addtl. Info.—J. W. Bean, Amer. Elec.
Pwr. Svc. Corp., 2 Bdwy., New York,
N. Y. 10004,

Jan. 28-31: Int’l Symp. on Information
Theory, Nevele Country Club, Ellen-
ville, New York. Addtl. Info.—David

Slepian, Dept. of Transportation,
Washington, D. C.
FEBRUARY

1
2 3 4 5 6 7 8
9 10 11 12 13 14 15
16 17 18 22
23 24 25 26 27 28

Feb. 2-7: ASTM Winter Meeting, Denver
Hilton Hotel, Denver, Colo. Addtl.
Info.——American Society for Testing
and Materials, 1916 Race St., Phila-
delphia, Pa. 19103.

Feb. 10-11: Transducer Conference,
Washingtonian Motel & Nat’l Bur. of
Standards, Washington, D.C. Addtl.
Info.—H. P. Kalmus, Harry Diamond
Labs, Dept. of the Army, Washing-
ton, D.C. 20438.

Feb. 11-13: Aerospace and Electronic
Systems Winter Conv. (WINCON),
Biltmore Hotel, Los Angeles, Calif.
Addtl. Info.——Roy Gregory, Northrop
Nortronics, 1 Space Park, Palos Ver-
des Peninsula, Calif. 90274.

Feb. 12-14: Nat'l Meeting on Com-
posite Materials: Testing and Design,
Jung Hotel, New Orleans, La. Addtl.
Info.—American Society for Testing
and Materials, 1916 Race St., Phila-
delphia, Pa. 19103.

Feb. 19-21: Int’'l Solid State Circuits
Conf., Univ. of Penna. & Sheraton
Hotel, Philadelphia, Pa. Lewis Win-
ner, 152 W. 42nd St., New York,
N. Y. 10036.

Feb. 21: 10th Annual West Coast Reli-
ability Symp., Century Plaza Hotel,
Beverly Hills, Calif. Addtl. Info.—
Robert H. Anderson, TRW Systems,
Redondo Beach, Calif. 90278.

MARCH
1

2030 T O 8

9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 [24 25 26 27| 28 29
30 31

March 5-7: Particle Accelerator Conf.,
Shoreham Hotel, Washington, D. C.
Addtl. Info.—E. H. Eisenhower, Ctr.
for Radiation Res., NBS, Washing-
ton, D.C. 20234.

March 24-27: IEEE Int’l Conv. & Exhbt.,
Coliseum & N. Y. Hilton Hotel, New
York, N. Y. Addtl. Info.—J. M. Kinn,
IEEE, 345 E. 47th St., New York,
N. Y. 10017.

B e e L Sl
'69 Conference Highlights

WESCON—Western Electric Show and
Conv., August 19-21; San Francisco,
Calif.

IEEE—Institute of Electrical and Elec-
tronics Engineers Int’l Convention &
Exhibition, March 24-27; New York,
New York.

T R R N S R SRR

Call For Papers

October 22-24, 1969: Systems Science
and Cybernetics Conf. Submit ab-
stracts of about 1000 words before
April 15, 1969 to Hugh A. Raymond,
Valley Forge Space Technology Ctr.,
General Electric Co., Box 8555, Phil-
adelphia, Pa. 19101.

October 26-29, 1969: Biennial Joint
Materials Handling Conf. Submit 25-
word abstract by March 1, 1969 to
Max Frey, Conference Program
Chrmn., Project Engineer, Cascade
Corp.,, Box 7587, Portland, Ore.
97220.
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The Single Source For Reliable Protection For Every
Type Of Electronic And Electrical Circuit And Device

BUSS QUALITY

SMALL DIMENSION FUSES
AND FUSEHOLDERS

Include dual-element “‘slow-blowing”
fuses, single-element “‘quick-acting’’

fuses and signal or visual indicating
type fuses . .. in sizes from

1/500 amp. up . . . PLUS:
a companion line
of fuseholders.

TRON Rectifier Fuses
For the Safe Protection of Solid State Devices
Provide extremely fast opening on overload and fault
currents, with a high degree of restriction of let-thru
current. Many types and sizes available. Ampere ratings
from %% to 1000 in voltages up to 1500.

BLOCKS FOR BUSS FUSES
All types available for every
application. Single pole, mul-
tiple pole, small base, full base,
molded base, laminated base,
porcelain base for fuses from
1% x % inches up. Also signal
fuse blocks and special blocks
of all types.

N

A it ol

 forkxDiinfuses
A Iampsindicating,
~ signal Qctiyatm;fusd:old.a

HKP pansi mounted noholder
for% x1% in.fuses.

THE COMPLETE LINE OF SIGNAL-INDICATING
ALARM-ACTIVATING FUSES

For use on computers, microwave units, communication
equipment, all electronic circuitry.

A2

BUSS GLD-% x 1% in.
Visual-Indicating,
Alarm-Activating.

BUSS GBA-% x 1% in.
Visual-Indicating.

Fuse, Visual-Indicating,
Alarm-Activating.

|

% BUSS MIN-13/32 x 1% in. BUSS ACH

Visual-Indicating. CI';E;"I"I"L(;:;‘S;Z

BUSS Sub-Miniature GMW Fuse
and HWA Fuseholder. Fuse size only
.270 x .250 inches. Fuse has window for visual
inspection of element. Fuse may be used with or
without holder. 1/200 to 5 amp. Fuses and holders
meet Military Specifications.

BUSS MIC-13/32 x 1% in.
Visual-Indicating,
Alarm-Activating.

FNA FUSETRON Fuse 13/32 FOR MORE INFORMATION ON THE COMPLETE BUSS LINE, WRITE FOR
x 1% in. slow-blowing, BUSS GMT and HLT BUSS FORM SFB
Visual-Indicating, Alarm- holder, Visual-Indica- BUSSMANN MFG. DIVISION, McGraw-Edison Co., St. Louis, Missouri 63107
Activating. (Also useful for ting, Alarm-Activating.
tection of small motors, !
géfenZiiis, transformn:ers irn SUPPLIED THE ECONOMICAL WAY ...

machine tool industry.) THRU DISTRIBUTORS
FOR FUSES AND FUSEHOLDERS OF UNQUESTIONED HIGH QUALITY
FOR EVERY PROTECTION NEED INSIST ON... S
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IS for
leftovers!

Is that what you are? . . . Left over from the great American population
shift to the Southwest sun country? Why not warm up in Phoenix, the
sun-fun capital of the world where the whole year is for fishing, golf,
tennis or most any other sport.

Why buy overcoats and snow shovels when you could spend your
money for a new rod and reel? Motorola in Phoenix provides a warm
climate and a long growing season for engineers and scientists. Forty
years of leadership in electronics systems engineering and unmatched
technical facilities can be your place in the sun. If you provide the
brainpower, nearby Arizona State University will provide the ticket for
that unfinished Master’s or PhD.

Make one more trip into the frigid air and mail us your resume . . . and
while you're out, take a look at a new spinning reel; it costs just about
the same as a new snow shovel.

Specific opportunities are:

Space Communications ® Radar Systems ® Tracking & Telemetry ® Fuzing
Digital Data Transmission ® Guidance & Navigation = Radar Transponders
ECM & Elint m Coherent Transponders ® Integrated Electronics ®m Antennas
& Propagation ® Advanced RF & Microwave Techniques ® Ground Support
Equipment ® UHF/VHF Communications Equipment ® Display = Digital
Multiplex ® Troposcatter ® Readout ® Undersea m Mechanical Design

in PHOENIX @ MOTOROLA

Government Electronics Division
Write: Paul Ahler, Recruitment Mgr., Dept. 69, Box 1417, Scottsdale, Arizona

\ AN EQUAL OPPORTUNITY EMPLOYER ‘

Circle 23 on Inquiry Card

(Please Use Home Address on the Card)

e[ courses

“Hybrid Microelectronic Packaging
Workshop,” Feb. 3-6. Thick and thin
film technology; recent advances in
die bonding and wire bonding, includ-
ing face down bonding for flip-chip
and beam lead devices. $495. E. F.
Koshinz, Technical Services Mgr.,
Unitek Corp./Weldmatic Div., 950
Royal Oaks Dr., Monrovia, Calif.
91016.

“Operations and Maintenance,” Feb.
3-7, May 19-23, Sept. 15-19. Sine
and random fundamentals along with
a study of circuits. $175. School Reg-
istrar, Ling Electronics, a Div. of
LTV Ling Altec, Inc., 1515 S. Man-
chester Ave., Anaheim, Calif. 92803.

“Computer-Aided Circuit Design,”
Feb. 3-7, Boelter Hall, Rm. 5704,
UCLA. Fundamental concepts of
computer software, circuit theory,
manufacture control and planning;
compiler writing systems; languages
for automatic test systems, circuit de-
sign, and process control; design au-
tomation language; graphic on-line
language; partial differential equation
language and interpreter; symbolic
computation: ASAP, FORMAC; SIM-
SCRIPT; future language trends in cir-
cuit design, process control, and test-
ing. $275. Box 24902, Engineering
and Physical Sciences Extension, Uni-
versity Extension, UCLA, Los An-
geles, Calif. 90024.

“IC Engineering Fabrication Labora-
tory Seminars,” Feb. 10-14, Mar. 17-
21, April 21-25, Phoenix. Impact of
integrated circuits, basic materials and
processes, photo mask-making, wafer
processing, process control, thick and
thin films, assembly techniques, basic
design considerations, MOS processing,
photo mask design and layout, digital
ics, digital systems, linear systems,
equipment considerations, testing and
specs, reliability, failure analysis, etc.
$500. ICE Corp., 4900 E. Indian
School Rd., Phoenix, Ariz. 85018.

“Computer Graphics I,” Feb. 13 (Los
Angeles), Feb. 14 (San Francisco).
Graphic concepts and terminology,
display hardware and software, data
structures and applications. $40 for
ACM members, $55 for non-member
employees of ACM corporate mem-
bers, and $70 for other non-members.
Association for Computing Machin-
ery, ACM Professional Development,
211 E. 43rd St., New York, N. Y.
10017.
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ubminiature
relay line:

If you make electronic things (to MIL-R-5757), this is your group

SERIES D (10 amp, SERIES CL (10 amp, SERIES E (2 amp, SERIES G (2 amp,

2 pdt)—Most compact 2 pdt)—Magnetic 2 pdt)—All-welded 2 pole)—All-welded,
welded relay for latch, all-welded relay. half size relay for dry 150 grid relay only
use where size and 509 shock, 20g circuit/low level and 0.32”"x0.310”x0.610”
performance are vibration 2 amp switching 100g shock, 30g
critical. 50g shock, 100g shock, 30g vibration.

20g vibration. vibration

SERIES G quantities available
October 1st.

If you make electrical things (to MIL-R-6106), this is your group

SERIES J (10 amp, SERIES JA (10 amp, SERIES K (10 amp, SERIES C (10 amp, SERIES KA (10 amp,
2 pdt)—Balanced- 2 pdt)—Balanced- 4 pdt)—Balanced- 2 pdt)—50g shock 4 pdt)—Balanced-
Force* relay for DC Force* relay for AC Force* relay for DC 20g vibration. Force* relay for AC
current. 100g shock. current. 100g shock, current. 100g shock, current. 100g shock,

30g vibration. 30g vibration 30g vibration 30g vibration.

*Patent Pending

Complete specs are yours for the asking
Write Leach Corporation, Relay Division, 5915 Avalon Boulevard,
Los Angeles, California 90003. Telephone (213) 232-8221.
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New product management

Part |: How to get more products
for your engineering dollars

Only 30% of new product expenditures will result in successful
products. But with improved management techniques, you can weed out the failures
early—and thus concentrate your resources on the probable successes.

By Eugene W. Parry, Microwave Calibration, Manager
Hewlett-Packard, Palo Alto, Calif.

Each year industry spends several billion dollars on re-
search and development.* This money is spent in the
quest for new products needed for further growth and
increased profits. Current sales of major corporations
are commonly made up of products introduced less
than 10 years ago.

Seventy percent of the money spent for new products
will not result in successful products for American in-
dustry.! In terms of efficiency, this means that the new
product effort is only 30% effective. The loss of money
is not as important as the misdirection of effort. The
technical manpower that is wasted could be applied
to better use on projects that would become successful.
Even a small improvement in efficiency would reap
large savings in effort.

According to Booz, Allen and Hamilton, it takes an
average of 58 new product ideas to yield one successful
new product. Compare Fig. 1 with Figs. 2 and 3;
these show that much money and manpower could be
saved if methods were improved to devote more of the
effort in the development stage towards successful prod-
ucts. Some of the most costly errors in the development
of new products have resulted because one aspect of
research and dvelopment was carried too far before
other areas were adequately investigated. If you have
a way of early screening and priority assignments, you
can allocate budget and talent to the best prospects,
and avoid costs on ideas that are not likely to pay their
way in the market.?

To increase the efficiency of the new product effort,
you must establish an effective system. The new prod-
uct continuum may be divided into seven stages:

1) Exploration
2) Screening
3) Business Analysis
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4) Development

5) Testing

6) Commercialization
7) Review

Exploration: setting it up

The exploration phase of new product planning in-
cludes the details of setting up a system. As such, it is
for both long range planning and specific new product
action.

The success of the program is the responsibility of
top management. During this phase upper management
must perform at least the following six functions: estab-
lish goals, formulate a new product policy, set up the
new product organization structure, define responsibili-
ties for the various areas of the new product organiza-
tion, develop a practical procedure, and facilitate the
operation of the procedure by proper management.

The problem management faces is how can they make
the proper decisions that result in an improved program.
To do this, they must have a system that will provide
them with clear, concise information.

Specific corporate goals that apply to the formula-
tion of a new product policy are:

* Desired growth. The level of growth top manage-
ment wants will have a great effect on new product
policy. A company planning little growth will have a
less aggressive policy than will a company expecting
to double its sales in five years. Growth can be measured
in absolute quantities or in relation to market share.

* Profit levels. There is little point in developing a
product that will produce a 5% net profit if the com-
pany requires at least 10% profit on all products.

* Expansion. Most companies will require growth
outside their present span of products and facilities if

*Industrial R&D expenditures for 1965 were $15.5 billion; of
this, $8.3 billion was government-supported, and $7.3 billion was
company supported.
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The many facets

of

.a

rewarding
career.

Like a diamond, a career can be judged by
its facets. In a diamond, it's the facets that
add to the depth and luster. In a career,

there are many contributing factors

that make it more rewarding.

At Memorex, we can offer you a stimu-

lating, creative environment with unsur-

passed opportunity. For example, we will

provide you with excellent business associates....
the finest technical talent in the world. Growth . . .
from 6 people to over 1800 in just seven years and
growing faster. Outstanding reputation . . . quality prod-
ucts, backed by service. Location . . . the beautiful San
Francisco Peninsula. And many more reasons to make
your career have the proper depth.

Of course, the most important facet in making your career
a success is you. What interests and motivates you? If
you want more information about Memorex, write us
today and while you're at it tell us something about you.

Some of current openings include:

Electronic Maintenance Manager BSEE preferred, with
previous maintenance supervisory experience required.
Will assume total department responsibility including
budgeting, manpower, etc. Mechanical aptitude required,
plus the ability to communicate effectively.

Specification Engineer Engineering degree preferred,
with 2-5 years’ experience in configuration control, sys-
tems development, or industrial engineering. Will devise
and control product specification systems, including pur-
chased components’ specifications. Also, will participate,
with Quality Control, in purchased products review and
vendor approval.

Control Systems Engineer Requires a BSEE plus 5

years design and project management experience.
Knowledge of the process industries control technology

is required. Also, prefer individual with knowl-
§ edge of electrical power distribution prac-
* tices. You will be responsible for the
- X design, construction and debugging

% : > of control systems on manufac-
— 4 turing equipment and processes.
; J Also, responsible for the instrument
and electrical part of Engineering Division

wprojects.

Electronic Engineer (Senior) Should be digital

oriented with a knowledge and understanding of pro-
duction equipment. BSEE required with mechanical en-
gineering experience desired.

Recording Specialist Engineer Requires degree in
Physics or Electrical Engineering and at least 2 years’
magnetic recording experience. Duties include develop-
ing new and improved test methods, and defining equip-
ment requirements and generate operation procedures
for new tests. Also, will perform analysis of a highly
technical nature, involving test instrumentation perform-
ance and validity of test results.

Project Engineer Challenging and rewarding oppor-
tunity. for an individual with a dégree in Engineering.
Requires 3-5 years’ experience in systems and circuit
design with emphasis on analog circuits. Previous super-
visory experience desired. You will work in the circuit
design of process and test equipment in magnetic tape
manufacturing. Previous magnetic experience is not
necessary.

Project Manager BS in Physics or Electronics, MS pre-
ferred. Must have proven managerial skills and the
ability to communicate effectively. Should have an in-
terest in the magnetic recording or television areas.

Please send your resume to: Professional Employment
Office, 1180. Shulman Avenue, Santa Clara, California
95052. An Equal Opportunity Employer.

NMENORE>X
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they desire a high rate of increase. They can do this
by diversifying the line of products horizontally, or by
integrating production processes or marketing organiza-
tions vertically. Thus goals and policies on expansion by
acquisition, foreign operations, or changes from repre-
sentative to branch office operation will all be relevant
to a new product program.

* Company image and reputation. A company that
makes precision electronic devices, for example, may
not want to go into the toy business because of the
image involved. This does not mean that company
goals would always rule out such a combination. The
Lionel Corp., known to the consumer mainly as a
toy manufacturer (The Lionel Toy Corp.), consists of
six other subsidiaries which make industrial products
ranging from precision resistors (Dale Electronics) to
geiger counters (Lionel Electronic Laboratories).? It
should be pointed out that Lionel is known for high
quality products in the toy field, so the combination
is logical.

* Stability. The relative importance of stability as a
company goal, both in relation to profits and employ-
ment, will also affect new product strategy.

Company objectives in general will include some
combination of the following three goals: to protect
present earnings and position, to reach beyond com-
petition and improve the company’s position in its
present field, and to enter new fields and achieve a
broader base.*

Once you have devised a new product policy, you
must set up an organization structure for your new
product system. Such a structure must provide for three
separate functions.

The first of these is the duty of the manager or group
responsible for final decisions at various levels. This
man (or group) must define responsibilities, etablish
goals, and provide resources for projects. At the top
level, this function may be carried out by the president,
vice-president, or division manager, depending on the
size of the company. Or it may be a group effort by a
new product department, product teams, or a standing
new product committee.

The second function is performed by the operating
departments which do the work assigned by manage-
ment. These include the engineering, finance, marketing,
and production departments.

The third function is coordination. This duty may
be performed by the same man or group that acts in the
management position. In a project manager system,
however, coordination is the responsibility of one per-
son, possibly a member of one of the operating depart-
ments. This concept of coordination follows a basic
principle: one person should be responsible for the
details of the overall plan. This person may be given the
authority to require plans from each operating depart-
ment, to require regular reporting on necessary de-
tails, and to require some means of coordination and
meeting of minds.

An effective system should improve the quality of
communication without increasing the volume of paper
work. Requirements for both vertical and horizontal
communications should be designed to prevent you
from discovering later than necessary that a project will
not be successful.

The Electronic Engineer ¢« Jan. 1969

Discovering that the development department has
just completed the design of a product that the market-
ing department cannot tell is a costly and often pre-
ventable mistake. The earlier such problems can be
registered, the less money and manpower will be wasted
on projects that will eventually be thrown out.

Judgment cannot be designed out of a new product
system. Management cannot expect all their decisions
to be based completely on solid verifiable facts. They
must make use of prophetic imagination.® The sys-
tem must not require such precise accuracy as to be un-
realistic. A system that rigid will discourage creativity.

Management must also keep in mind that a new
product program, although an essential element in a
healthy and continuing business, is only a means to an
end.® The program must not become so important that
company goals are forgotten.

Idea generation is the final phase of the exploration
stage. In this phase, you must first identify idea gen-
erating groups, and then give the creative persons in
these groups a clear concept of the new product policy.
You must also provide a common idea collection point.
At this time, it’s important to treat the idea man with
care. Nothing can stifle the creative process more than
critical judgment applied to an emerging idea.

Screening: how the idea measures up

Once the exploration phase has been properly car-
ried out, a company will have a large number of ideas
from many sources. At this point, only the originator
and possibly his supervisor have evaluated the ideas.
To prepare for the screening phase, the ideas must be
written into a form that management can evaluate.

The idea should be appraised in relation to its con-
formance to company and new product policies. Then
judge each idea against the following three questions:

* Can we sell this product through our present mar-

keting organization?

» Do we have the skills needed to engineer and manu-

facture it?

* Does it have a good profit potential?®

The transistor is an excellent example of how an
idea for a product can be good, but can still be re-
jected for commercial development based on company
policies. When the semiconductor industry began, Bell
Labs held basic design and process patents covering
the entire field. Bell policy, however, put these patents
virtually in the public domain. According to J. A.
Morton, Vice-President of Bell Labs, “Bell realized that
the transistor industry would be too big for any one
company to handle.””

Bell Labs is primarily a basic research organization.
Due to a series of antitrust suits, it was not interested
in involving the American Telephone and Telegraph
complex in a monopolistic control of the semiconductor
industry.

As it turned out, by 1956 legal action had freed all
of Bell Labs’ existing patents. It now has an open
licensing policy on new patents. The royalty charged
to any given company is based on the extent that the
licensee is engaged in research and its willingness to
cross license, This policy has enabled Bell Labs to stay
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System engineering began in the need
to learn what a human adversary was
doing. By keeping us informed of each
others' actions, the technology has suc-
ceeded in removing many of the trou-
bling ambiguities in world affairs.

But effective vigils tend to be endless,
and as we gather information from and
reach better understanding of another
man, we realize that things, too, bear
watching.

We believe that the best contributions
of system engineering are yet to be
made, that what has been accomplished

Al

very well

has been practice for what lies ahead.

Sanders intends to be a leader in
bringing the disciplines of defense sys-
tem engineering to bear on all its oppor-
tunities — predicting, detecting, warn-
ing against, and counteracting storms,
earthquakes, blights, and droughts, as
well as man-made calamities.

That's why we stress continuing edu-
cation, offering graduate degree pro-
grams in our facilities and fellowships
at nearby universities. We have found
no substitute for formal training in the
engineering of advanced systems.

trusting another
begins in knowing him

Tell us how you would take advan-
tage of these opportunities. You will
find this an encouraging atmosphere:
engineering innovation is a way of life,
systems are everyone's business, and
the individual is the contributor.

WRITE to Mr. James L. Hackbush,
Sanders Associates, Inc., Dept. 467EE,
95 Canal St., Nashua, N.H. 03060.

SYSTEM ENGINEERS « ECM ENGI-
NEERS * ASW ENGINEERS * DIGITAL
ENGINEERS « ANTENNA ENGINEERS
* MICROWAVE ENGINEERS

CREATING NEW DIRECTIONS IN ELECTRONICS

a
s TES. INC

1.4 SANDERS ASSOC

SANDERS

ASSOCIATES, INC.

An Equal Osp{)v(unﬂy‘and Affirmative Action Employer M/F

NASHUA, N.H. -+ MANCHESTER, N.H. - BEDFORD, MASS. - CAMBRIDGE, MASS. « PORTLAND, ME. - PLAINVIEW, L.I., N.Y. - RESTON, VA.
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fairly well on top of basic semiconductor research, and
permits AT&T to have available the latest developments
for use in its own systems. This, of course, was the
original objective.

In the screening stage it is important to keep deci-
sions at the top levels. Although individuals outside the
decision group may be called upon for information,
they should not be allowed to destroy the idea. E. J.
Tangerman, formerly editor-in-chief of Product Engi-
neering, stated this principle very well: “No man should
have the authority to criticize, change, or kill an idea
who does not also have the authority to okay it.”

Business analysis: getting to the specifics

A business analysis must be carried out carefully to
insure that money will not be wasted in the product
system.

Responsibility for each new product must be as-
signed in this stage. Generally, if a new product com-
mittee system is used, the responsibility will be with the
committee, with the ultimate responsibility vested in
a division manager or vice-president. This committee,
in turn, must appoint coordination responsibility and
functional responsibilities to the proper persons.

Market information should be gathered early in this
stage. The formality of the analysis will depend on the
nature of the product and company experience. If the
company has found that it passes a high percentage of
its products through the commercialization stage with
great hopes, only to have them fail in the marketplace,
then it needs a more formal market analysis system. If,
however, new products are often stopped in the later
stages because they fail to meet market requirements un-
known to the designer, the problem is one of com-
munications. Or possibly the marketing department
just waits too long before deciding on criteria. You
should determine what the customer needs and wants
as much as possible during this stage.

The following are all important market criteria:

e Net price the product will have to sell for to be

competitive.

* Expected volume, considering general market con-

ditions and price.

e Company position in the market—innovator or

follower.

* Capabilities of the present marketing organization

to handle the sales and service required.

* Cost of market development, including advertis-

ing and additional training of the sales force.

* Quality required.

° Length of product life, taking into account the

period of development ahead.

* Effect the new product will have on the sales of

existing products.

* Probability of commercial success.

Projected manufacturing cost per unit and investment
costs for development, tooling, new machinery, and
equipment are also important. Get estimates of these
costs from the appropriate department.

You can’t determine any of these factors with pre-
cise accuracy, especially two or three years in advance.
However, you should have the best estimates that can
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be economically made at this stage, as a starting point
is needed.

Be specific with specs

Next, you must make up detailed specifications. It
might be argued that the specifications are needed be-
fore a market analysis can be made, but much of the
data required for the specifications are obtained from
the market analysis. Generally, you can resolve this
dilemma by evolving the specifications concurrently
with the market analysis.

A good set of written specifications is an extremely
important link in communications during new product
evolution. The specifications inform the design depart-
ment what requirements its product must meet to con-
form to the product that the marketing department ex-
pects.

The specifications could be written by the new prod-
uct committee, the project manager, the marketing de-
partment, or the engineering department. The individual
who writes the specifications is not as important as the
requirement that the specs be coordinated among mar-
keting, engineering, and management. Any deviations
required later should be carefully reviewed by the
groups involved.

Specifications should be written such that they only
set down what features are needed, not how a product
should be designed, unless certain design methods are
required as a sales feature. An example here would be
the use of printed circuit boards instead of hand wired
circuits, or semiconductors instead of tubes. Reliability
as a feature is an important selling point.

The relevant data you get from the market analysis
should be translated into product specifications. Esti-
mated volume, price, and quality are all very important
to the design of a new product. Financial information
obtained internally is also important.

Finally, the specifications should show tentative
schedules, because the market analysis has to be based
on some release date. In some markets timing can make
the difference between success or failure.

After the specifications are approved, make a specific
business analysis. Keep it simple—a complicated an-
alysis will discourage its use except on major projects.
Besides, a large amount of detail at this stage is im-
practical as the figures are still rough estimates. A
simple analysis will encourage studying the effect of
changing specific variables, such as volume, selling price,
cost, and investment requirements.

Use a simple formula that will let you quickly work
out variations, and yet will include the most important
factors. A good formula is:

_ VTV (®-0 -D
- I

Let’s explain this formula with an example. Suppose
you make an instrument that will sell for $1000, have
a life of nine years, expected sales of 1000 units per
year, and a cost per unit of $500. In this example,

T (9 years) is the estimated life of the product in

years. The square root (3) accounts for the time
value of money and the decline in market po-

R
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Which discipline will
Ed Whitaker use tomorrow

When Delco says multi-disciplinarian, they mean it. Just ask Ed Whitaker.
And the solid professionals who have helped him grow into jobs like
developing the microcircuits for a fire and overheat detection computer
for jet aircraft. Twenty-five hundred components in a package 4” x 2” x 15”.
From concept to hardware in eight months flat. And then a fast hop to

Air Force testing. From beginning to final delivery, Ed was a full member
of the team. The question is . . . does your job permit you this kind of
growth? Take a good look at how your career shapes up, compared with
Ed Whitaker's and his colleagues at Delco. You might even call us collect.
Or, write: Mr. C. D. Longshore, Supervisor, Salaried Employment,

Dept. 605, Delco Radio Division of General Motors, Kokomo, Indiana.

AN EQUAL OPPORTUNITY EMPLOYER
DElco DIVISION OF GENERAL MOTORS

KOKOMO, INDIANA
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tential in future years.

V (1000) is the estimated average annual sales
volume in units.

P ($1000) is the net selling price per unit in dollars.

C ($500) is the total cost per unit in dollars, in-
cluding manufacturing cost and overhead.

Dis the estimated average difference in profit to
existing products due to the new product. (For ex-
ample’s sake, suppose that the instrument super-
sedes an older model that also sells for $1000.
costs $500 to make, and you expect the new model
will cut down the sales of the older one by 400
units a year. Thus D would be $200,000).

1 is the total estimated investment required, including
marketing costs, development and engineering
costs, tooling costs, and the cost of new facilities
or machinery. (For our example, assume I —
$300,000.)

R is the value factor of the new product, and will
approximate total return on investment. In our

example,
ooy [1000 (1000 — 500) — 200,000]
ol 300,000
R = 3.0

Depending on the industry, R should at least equal 2.
A value factor of 3 is fairly good. A value factor of 1
indicates O profit and 3 indicates a fairly good return.

A formula of this type has several advantages. First,
it takes into account all of the key numerical factors
determined from the market analysis, plus the unit
cost and required investment. Second, the formula
gives you a quick way to study the effect of changing
the variables. Third, the formula gives you a useable
figure for comparison with other products. This is help-
ful both for deciding on the continuation of a project,
and for setting priorities. Management could set re-
quired values of R for various risk levels.

Once the analysis has been completed and the sur-
viving products reviewed by the new product committee,
top management must approve the products before they
start into the development stage. Budget approval gen-
erally will be required at this point.

Development: engineering the product

Figure 3 shows that the largest portion of effort
devoted to unsuccessful products occurs in the develop-
ment stage. The reason for this lies more in poor prep-
aration in the earlier stages, and poor follow-up during
this stage, than in the inability of the engineering de-
partment to create a technical success.

In the development stage, the new product must be
broken into projects suitable for assigning to specific
departments; the responsibility for each of these projects
must then be assigned.

You must then make up schedules that fit into the
overall timetable, and fit into the work loads of the
functional departments.
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The next step in the development stage is to design
and build a prototype to the product specification.
Financial factors such as unit cost requirements must
be kept in mind during this phase, without impeding the
design freedom of the engineer.

One of the greatest reasons for failure in this stage
is the lack of formal communication. Often Marketing
fails to note changes which might affect its original
figures, and therefore certain points in the specifica-
tions. Development, likewise, does not properly com-
municate findings which might require a change in spec-
ifications. The decision whether to use an expensive
solution to meet a technical requirement, to change the
requirement, or to add time to lower the cost and still
meet the requirement should be made at the upper
levels between management, marketing, and engineer-
ing.

Once a quarter (or whatever time period is appro-
priate), management or the new product committee
should review each project. They should include in this
review any technical, cost, or time deviations from the
current approved specifications. They should request
that Marketing re-evaluate and, if necessary, revise its
original estimates in terms of recent information.

The management group should be alert for factors
that might bring about failure later. For example, a
drop in a competitor’s price or a change in the state of
the art might be impending. A hint that the project is
falling behind schedule or budget guidelines may re-
quire further study.

Testing: does it work?

During the testing stage, three forms of evaluation
must be made: technical, production, and marketing.

Technical testing will include extensive evaluation
under varying conditions, Although some of these tests
will be in the laboratory, field tests should also be
made. If possible, a different group than the one that
designed the unit should handle some portions of the
tests.

Also, facilities should be tried to insure that parts
can be made and units assembled in production, and
market reaction should be tested by a planned program
to get opinions from salesmen and users.

From the results of the three types of tests, man-
agement should decide whether to complete changes or
to drop the project.

Commercialization: putting it across

In the commercialization stage, production and mar-
keting plans and schedules are set up and coordinated.
Management or the new product committee must con-
tinue to follow the product until it becomes a com-
mercial success. It is important during this stage to
insure that slowly rising costs do not cause the planned
profit to deteriorate.
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¢ SIZE The dimensions of extruded material as it is
AAAAAA being formed can be measured and con-
trolled electronically without contacting the material.

New pl’OdUCt management
(concluded)

Review: the final step

You must set up some method of reviewing the ef-
fectiveness of the new product effort. If a new product
committee or other coordinating body is used, it
should check the accuracy of schedule, cost, and mar-
keting estimates over a long period. An established
routine for review can provide data helpful for im-
proving the whole new product system.

oy In summary, two assumptions have been made:
VERSATILE 'nCS‘lcl)mpanri};s that do not useS a detai]e::l1 nmew product

P Progre S hei developi d
COMPLETELY NON-CONTACTING [,

* Most factors which cause a specific new product
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Next month
In Part Il of this article, we present a detailed
study that confirms the above two assumptions,
and that suggests ways to manage better your
company’s new product efforts. For this study,
the author analyzed the new product activities
of the instrument division of a medium-size
midwestern manufacturing company.

The study investigates the percentage of new
Strain during hot or cold temperature cycles can be product dollars wasted on new product projects

remotely measured without concern for the effect ex- | that were later dropped, and establishes those

treme temperatures would have on contacting devices. factors which caused the projects to be discon-

i This instrument’s feedback provides tinued. It then suggests some positive steps

$ STRAIN: closed-loop control of the strain rate of you can take to get more products for your
the testing machine. engineering dollars.

PhysiTech, Inc. ¢

For Complete Details, Write or Phone (215) 657-2900 INFORMATION RETRIEVAL
PHYSITECH, INC., WILLOW GROVE, PA. 19090 Project management, Careers
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Why take pot luck
for reliability ?

The Daystrom Squaretrim 318-
160HS with pins, and the new
Model 313-160HS with flexible
leads are both designed, manufac-
tured and tested in complete

accordance with MIL-R-39015.
This means you no longer have to
resort to costly unmonitored pro-
grams when you need high reli-
ability potentiometers. These new

Squaretrim models not only give
you the best design and materials,
but are manufactured with piece
part traceability, in-process con-
trols, and the stringent QC pro-
gram defined in this Specification.
So ... our advice to you is: don't
trust to luck. Specify and
order Daystrom Hi-Reliability
Squaretrim pots. They're available

in values from 10 ohms through
20K. Prompt delivery on orders.
Write or phone today. Daystrom
potentiometers are another product
of: WESTON COMPONENTS
DIVISION, Archbald, Pa. 18403,
Weston Instruments, Inc.

a Schlumberger company

WESTON'




You can have
CP plus P-E reliability

in Linear Motion Pots,
to your configuration,
to your specs.

Now the infinite resolution, long life and traditional precision of
Perkin-Elmer
Conductive =
Plastic pots are
available in linear motion configurations with
strokes up to 10",

Listed here are specs for Models CPTR e : —
and CPTC. Why not let our engineering depart- v
ment quote on exactly the right combination for your application?
Simply write or call Mr. Ron Camillone, Electronic Products
Division, 131 Danbury Road, Wilton, Conn. 06897.
(203) 762-4792.
SPECIFICATIONS
Resistance (+10%) — to 15K/inch Taps — per customer specs.
Independent Linearity — to =0.03% depending on stroke length Allowahle Shaft Misalignment — per customer specs.
Wattage — 1 watt/inch Terminals — leads or connector per customer specs.
Temperature Range — —65°C to 4 150°C Mounting — per customer specs.
Stroke — up to 10 Life — to 30 x 10° strokes dependent upon application.
Nonlinear functions available Designed to meet applicable portions of MIL-R-30023.

FPERKIN-ELMER
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READY NOW
new 5TH EDITION of this

world-famous reference: .

now contains 50% MORE DATA
to include major information
developed over the past 12 years.
Prepared by an outstanding
group of practicing engineers,
professors, and industry and
government experts, under the
direction of the International
Telephone and Telegraph
Corporation staff.

OVER 160,000 COPIES SOLD
IN THE FOURTH EDITION

eference Data for Radio Engineers

CHAPTER CONTENTS The new FIFTH EDITION of this widely used ref-
erence work has been completely revised and

FRIEne s Teahsiniesion Linss updated. It provides in a single volume compre

*International Telecommuni-  Waveguides and Resonators P £ P . g p
cation Recommendations  gcattering Matrices hensive data on all basic phases of electronics,

Units, Constants, and Antennas including tables, formulas, standards, and circuit

Conversion Factors
Properties of Materials
Components or Parts
Fundamentals of Networks
Filters, Image-Parameter

Electromagnetic-Wave information—PLUS—all-new data on microminia-
: ZT°F,’\‘aQat'°“dl B ture electronics, space communications, naviga-
o Noise and Interierence . . . ors s . . .

o i : tion aids, reliability and life testing, international

Broadcasting and Recording g A . ; .
telecommunication recommendations, switching

Design Radar Fundamentals ¢ K d traffi i d |
Filters. Modemn-Network- e Transntiksion ne vx./or s and traffic concepts, and quantum elec-

Theory Design *Switching Networks and tronics. Includes over 1300 charts, nomographs,
Filters, Simple Bandpass 'Traffic Concepts diagrams, tables, and illustrations. 45 data-packed

Design Digital Computers chapters. 1138 pages of invaluable information for
L g “Navigation Aids practicing radio and electronics engineers
Bridges and Impedance *Space Communications :

Measurements Elect i r ____________________________
Magnetic-Core Transformers 9e roacous‘lcs " .

and Reactors Nuclear Physics 10-Day Free Examination
Rectifiers and Filters *Quantum Electronics
Magnetic Amplifiers Information Theory HOWARD W. SAMS & CO., INC., Dept. EE-1

A Subsidiary of International Telephone and Telegraph Corporation
4300 West 62nd Street, Indianapolis, Ind. 46268

*Reliability and Life Testing Send me REFERENCE DATA FOR RADIO ENGINEERS for 10-day
Electron-Tube Circuits examination, without cost or obligation.

Semiconductors and Miscellaneous Data If | decide to keep the volume, | will send: O $20.00 (plus post-

|
|
|
Feedback Control Systems  propability and Statistics I
|
|
Transistors Fourier Waveform Analysis I age), or [J $7.00 (plus postage) in 10 days, and $6.50 per month for
|
|
|
|
|
|
|
|
|

Electron Tubes

2 months. Otherwise, | will return the book postpaid within 10 days.

Transistor Circuits Maxwell s.Equattons. [ $20 payment enclosed. Send my copy postpaid with full 10-day
*Microminiature Electronics Mathematical Equations refund privilege. (Include sales tax where applicable.)
Modulation Mathematical Tables

*New chapters on subjects not covered in 4th Edition Name

1138 PAGES + 1350 ILLUSTRATIONS
plus 41 page index

Company Name

Address

L D S et i S SR et s, W |
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EE| DESIGN FEATURES

Charging energy-storage capacitors
from low-voltage sources

When you design a dc-dc converter to charge a capacitor,

you must consider the rate of energy transfer,

oscillation frequency, peak battery drain, and efficiency.

By Lynn T. Rees,

Motorola Semiconductor Products, Phoenix, Ariz.

Rechargeable nickel-cadmium cells are convenient and
compact energy sources for portable equipment. But
because they have a relatively high cost, your equip-
ment design should use a minimum number of such
batteries. This, in turn, implies that you should use a
suitable dc-dc converter to boost a low dc battery
voltage to a level sufficient for your needs.

An example of such a converter is one that charges
a 480 uF energy-storage capacitor of a photoflash
power supply to 500 V (60 joules of energy). Two
1.2-V nickel-cadmium cells are the energy source. The
energy capacity of this supply is comparable to that
of a supply of four or more cells, although fewer flashes
(about 25) are available. And it gives you convenience
(small size) and economy to a degree not presently
available in units with such an energy capacity. Al-
though this discussion concerns itself with a photoflash
unit, similar factors apply to circuits in automobile ig-
nition systems, flashing beacons, welding systems,
Geiger counters, and so forth.

Converter requirements

Capacitor charging imposes these requirements on a
converter circuit (Fig. 1):

® The converter must be capable of starting and
operating with its output shorted, because a discharged
load capacitor acts as a short circuit.

® The charging source must shut itself off when the
capacitor reaches full charge, and must cycle as needed
to maintain the capacitor voltage within certain limits.

Our particular photoflash must meet these added de-
sign requirements:

® Joad capacitor—60 joules (480 uF, 500 V)

® power supply—two nickel-cadmium cells in series

50

giving 2.7 to 1.8 V as cells discharge

® capacitor charging time—20 s (3 W output)

You can use a solid-state oscillator to perform the
voltage conversion. The low power supply voltage rules
out SCRs as power switching elements. It also rules out
silicon transistors because of their excessive voltage
loss in the oN condition. (The switching device has to
conduct from 2 to 10 A when oON, depending on the
circuit used). So, the power stage of the converter uses
germanium transistors.

You need some type of current limiting to protect
the switching transistors from high peak currents when
the circuit operates into a short-circuit load. Resistive
limiting is inefficient; for example, it can reduce an
80% inverter efficiency to only 40%.

Single-transistor converters

Figure 2 shows a two-transistor basic oscillator as the
main converter block. Such an oscillator uses trans-
sistors efficiently, and gives you maximum power out-
put for any given peak current. But it has several dis-
advantages. One is that it can be difficult to shut off.
Another is that there must be a large current-limiting in-
ductor (or some other means of current limiting) in
series with the load capacitor. Such disadvantages over-
rule the advantages, for this application.

But consider the single power transistor converter
shown in Fig. 3. In this circuit, the primary of T,
stores energy when Q, is on, and releases it into the
load when Q, is switched off.

A single-transistor circuit has these advantages:
—You need only one power transistor.

—Low-loss peak-current limiting is inherent in the
circuit.

—The circuit is potentially easy to shut off (auto-
matically) when the load reaches the desired voltage.
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—And, finally, transformer size is reasonable, if you
consider that you don’t need auxiliary current limiting.
The drive oscillator of Fig. 3 must
—Supply drive current to the power transistor.
—Supply reverse base drive to turn the power tran-
sistor off rapidly and minimize switching power losses.
—Have a controllable duty cycle to allow the energy-
storage winding to completely discharge before start-
ing another cycle, and yet never leave excess dead time
between discharging and charging the transformer wind-
ing.
—Be relatively easy to turn off with a voltage-sensing
feedback signal.
—Draw low idle current when shut off.
The voltage-sensor block must:
—Operate on minimum power (because the power it
needs discharges the load capacitor).
—Have a voltage reference to compare to the output
voltage.
—Show (visually) when the output voltage is at the
desired value.
—Allow setting for a range of output voltages.

Circuit operation

Transistor Q; (Fig. 3) is a switch that controls the
current in the primary winding (L;) of transformer T;.
The drive oscillator furnishes base drive to Q;, and
sets its ON and OFF times for each switching cycle. For
a constant battery voltage, the ON time of each cycle is
constant. But the OFF time varies: it is inversely pro-
portional to the voltage V. on the load capacitor. Thus,
the drive oscillator is a variable duty-cycle circuit.

For example, suppose the load capacitor is dis-
charged and you start the converter. The time needed to
transfer the energy in the transformer’s primary to the
load capacitor is many times longer than Q,’s ON time.
As the load capacitor charges, the required energy trans-
fer time of each cycle decreases. As the capacitor nears
full charge (500 V), the oFF time of each cycle becomes
about one-third of the oN time (75% duty cycle).
Finally, the oscillator stops when the load capacitor
reaches the desired voltage. Switch Q; is OFF, and
the entire circuit draws only a small amount of standby
power from the battery and from the load capacitor.
As charge leaks off the load capacitor, its voltage drops
until a cut-in point is reached (typically 485 V). The
converter then resumes oscillation and brings the ca-
pacitor voltage back up to 500 V.

This is what happens in the course of a single cycle of
oscillation in the circuit of Fig. 3. Switch Q, turns on
and immediately saturates. Diode D,, reverse-biased,
open-circuits the secondary winding (N,) of T;. The
transformer then appears as an inductance (L,) in Q;’s
collector circuit. The collector current (ip) starts at
zero and increases linearly with time until the oscillator
pauses and abruptly switches Q; oFf. Current i, no
longer can flow through Q,. But it must flow some-
where, since it is an inductive current. So, as Q, turns
off, the induced voltage across the transformer secon-
dary winding reverses polarity, forward-biases diode D;,
and current is flows through the load capacitor.

In this manner, energy stored in T, while Q; is ON
transfers to the load capacitor while Q, is OFF. The
peak load current is much smaller than the peak Q, cur-
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Fig. 1. A capacitor charging system changes the low dc
voltage of a battery into high-voltage, unidirectional ac. The
energy thus accumulated and stored in the capacitor is
useful in such diverse equipments as Geiger counters, weld-
ing systems, and photoflash units. The addition of the load-
voltage sensor assures you that the capacitor is always at
full charge, and extends the battery life as well.

¥

Fig. 2. This two-transistor oscillator could serve as the main
converter block. Though efficient, it is not a good choice
for several reasons. One reason is that it can be difficult
to shut off. Another is that the circuit needs a large current-
limiting inductor in series with the capacitor, which adds
considerable size and weight.

T Ls

|

t — ’ ‘Ns

is
Drive Voltage c j—\
Oscillator Sensor L ! /

Fig. 3. A single-transistor converter is very suitable for the
charger. It is easy to shut off (automatically) when the
capacitor reaches full voltage, and the transformer—which
first stores energy and then releases it to the capacitor—
can be of reasonable size. The circuit has a further ad-
vantage in that it has inherent current limiting.
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Duty Cycle

Shutoff

Cy:0.2 wF+20%,100V NEj:neon lamp(selected5AG)

C_ 480 uF, 500V Ly(timing inductor)

Dy,0p' MRBI4 (fast recovery  Core:Ferroxcube 266TI25-3E2A

Qg MPS6520 rectifier)  \inding:145 turns, 36 wire
Q,'MPS6563 T, (drive oscillator transtormer)
Q3z:MPS6562 Core: Ferroxcube 18/11PLOO-3B7
Q4 MP3613 (selected) Bobbin:Ferroxcube 18/I1F2D

Ry: 39 kdu Air gap: 0.005 in

R,: 1000 W40 Turns,28wire

Ry * 1k Wy 20 Turns,30wire

R4 120 QL Wz 140 Turns,36 wire

R5' 1500 Tp(output transformer)

Rg: 2700 5% Core:Ferroxcube 26/16P-L00-3B7

R7:7.50, 5% Bobbin Ferroxcube 26/16F2D
Ra“ oML Air gap: 0.030 in
Rg 2.0M& Pot

Rio'390kf 5%

Np: Il Turns, I8 wire
Ng:1100 Turns,36 wire

Note: All resistor+ 0% ,1/4 W unless otherwise specified.

Fig. 4. Here is the complete converter circuit. The drive-
oscillator of Fig. 3 is a blocking oscillator with a variable
duty cycle. A saturable magnetic core sets the ON period.
The load-voltage sensor is a neon bulb oscillator; the inverter

rent (ip) because Ng has many more turns than Ny,
and there is conservation of ampere-turns as Q, switches
from ON to OFF.

Figure 4 shows the complete converter circuit. It in-
cludes energy storage capacitor C;, which is the con-
verter’s load, and a 2.4-V battery, which is the con-
verter’s power supply. The converter is a variable duty-
cycle circuit; it stops and starts itself to maintain the
voltage on the load capacitor within narrow limits. It
is also self-compensating for battery voltage variation,
and tends to charge the load capacitor in the same
length of time, regardless of decreasing battery voltage.

During the oN portion of the cycle, T, stores energy
in its primary winding, L;. The energy, U, is equal to
151 1,2, Then, when Q, is switched OFF, the stored
energy transfers to the load -capacitor, C;, as
U=22C. V.2 and the cycle repeats.

The driver-stage oscillator has about 75% duty
cycle when free-running. However, the time needed to
transfer the energy across T, to C; depends on the
voltage existing across Cy, the turns ratio of T., and
the battery voltage. It is undesirable to start a new
cycle before T, is discharged; Q. prevents a new cycle
from starting until the output current decreases to zero
at the end of each OFF period.

The square-loop timing core (L,) determines the
free-run frequency of the driver-stage blocking oscil-
lator. Switch Q; is ON until the “constant voltage” wind-
ing, W, saturates L;. When L, saturates, it shunts the
base drive and Q; turns OFF. During the OFF period,
W, voltage is (initially) several times higher than its
ON value, and the timing core resets much more rapidly
than it saturates. As soon as L, resets and the stored
energy in T, dissipates, the driver stage is free to start
a new cycle. Resistor Ry supplies the starting current
to begin each cycle.
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pulses OFF each time the bulb conducts. Because the in-
verter is ON most of the time, the charge on the capacitor
keeps accumulating. When the charge is sufficient, the bulb
stays on, and the oscillator turns off.

The power stage

The trapezoidal current of T, (Fig. 4) drives power
transistor Q, into saturation during the oN portion of
the cycle. The oN voltage of W, furnishes only negligi-
ble drive to Q,. But when Q; turns OFF, the W, reverse
voltage is much higher and rapidly switches Qs OFF,
using part of the energy stored in T; during the ON por-
tion of the cycle.

Since the Q, saturation voltage subtracts from the
battery voltage available for transferring energy to T, a
low Vi (sat) 1S very important; a Veg (sary of 1V would
waste almost half the battery voltage. The required
output power, the waveshape of the collector current
(i1), and an estimated efficiency of 50% put the peak
collector current in Q, at roughly 10 A.

The power transistor, then, should have a saturation
voltage of less than 0.5 V (at a collector current of
10 A), and must have a fast turn-off time compared to
the operating frequency of the circuit. A silicon device
meeting such requirements is costly. You are wiser to
choose a germanium device such as the 2N1557 or
MP3613.

The driver stage

The driver-stage network (Ws, Wi, Rg, and R;) pro-
vides sufficient oN drive to saturate Q. It also forces the
T, flyback energy to divide in such a manner as to
switch off Q; and Q,, and reset L, in preparation for the
next cycle. With L, timing the oN portion of each cycle,
you get a relatively constant peak current in Qg (and
also constant energy in the transformer), even though
the battery voltage changes. This tends to compensate
for battery voltage drop and, more importantly, makes
the timing relatively independent of the current gain

in Qg.

The Electronic Engineer + Jan. 1969



Novel blocking oscillator

The drive oscillator is a blocking oscillator with two
interesting features:

® You control the oscillator’s duty cycle by varying
the oFfr portion of the cycle (when it free-runs, the
oscillator has a duty cycle of approximately 75% ).

® The saturable magnetic core (L;) sets the ON
portion of the oscillator period, without requiring a
separate external current source for resetting the core.

The magnetic core controls the ON time of each cycle
as follows. From eq. 1 in the box on page 54,
Vet '
=

Since Lp is constant, if Vect; is constant, iy peer) Will
be constant. Switch Q; turns OFF when L; saturates.
You can determine the time needed to saturate L, from
the standard transformer equation, Eys; = 2NA,,B,.. 1078

This shows that the product E;t; is a constant and,
consequently, #;peax) iS @ constant. Energy transfers at
a constant maximum increment per cycle. This gives
you full use of the power transistor and the energy-
storage transformer, which are the two major circuit
components in terms of size and cost.

Ti(peaky =

Automatic shutoff

As Cy, charges up, the neon lamp (NE,) starts to
oscillate, and the inverter is pulsed OFF during the
short time that NE, conducts. However, the inverter
still operates most of the time, and the load voltage
continues to increase slightly until the voltage divider
(Rs, Ry, and R;o) finally supplies holding current
to NE,, thus turning off the oscillator. The inverter now
stays OFF because starting resistor Ry is held to ground
and Q; gets no starting current. The standby current
consists of battery drain through Ry, and load-capacitor
drain through its internal leakage and the voltage di-
vider.

When the voltage across C; drops enough (a few
volts) for NE, to stop conducting, the inverter turns on
again, and boosts the capacitor voltage back up to the
shut off value. The shut-off voltage adjustment gives
you a method of calibrating units for constant energy
over a range of capacitance values. For example, if
the load capacitor is larger than the nominal value,
you can set the converter to turn off at a lower load-
capacitor voltage.

The complete circuit of Fig. 4 meets all the design
goals. It charges a 60-joule capacitor in about 15 s from
two high-current size AA nickel-cadmium cells rated
at 500 mAh each. The current waveform is compatible
with nickel-cadmium batteries. A 10-A peak current
gives very good efficiency in such cells, whereas the
same waveform gives very poor efficiency when it comes
from size AA dry cells. The circuit efficiency is about
40% . This compares favorably with other photoflash
converters on the market. You can significantly increase
the efficiency of the circuit by operating it at a lower
frequency, with a larger T.. For example, doubling the
volume of T, gives efficiencies greater than 60% .

INFORMATION RETRIEVAL:

Oscillators, Power supplies
Circuit design
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This photograph shows the complete photoflash unit in-

corporating the converter circuit of Fig. 4. The com-
ponent shown in color is transformer T. which first stores
energy, then transfers it to the load capacitor. (The ca-
pacitor is at the top of the picture.) You can see the
powerstage transistor just behind, and to the right of, T..
The flashtube itself is out of sight along the right-hand edge
of the picture. The batteries are in front of the capacitor.

1MQ
Green

‘ Red I

[ ]
A
CL i 3‘
O5uF Black
T 600V 3}__
6.8MQ ‘ﬂ—-{
e
cL Green%‘
Black
6-‘(8)‘ .22,u.F
M 400V 0|__

Here are two trigger circuits for firing the flashtube. The
upper one is suitable for push-button switch contacts rated
at 500 V. The lower circuit is for switches rated at 250 V.
The trigger transformer is a Stancor P-6426, and the flash-
tube is a General Electric FT 52, FT 118, or FT 120. With
these trigger circuits, you can expect about 25 flashes per
charge from the 60-joule load capacitor. You can use other
flashtubes with different capacitors and voltages (the GE FT
106 is suitable for a 50-joule capacitor at 300V).
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Power stage design

In general, you get minimum transformer size
when you run the power stage at its highest
efficient frequency. The main losses are in the
transistor and transformer. You should place
primary design emphasis on the efficiency of
power conversion. Other considerations are peak
collector current, frequency of operation, ON
time (7;), and OFF time (7.). The relationship
between the primary.and secondary currents in T,
and the oN and OFF times, are shown in this
sketch:

t t
| (on) | (of%)_-‘

/

Ko 2

Referring back to Fig. 4, neglect the primary
winding resistance of Ty and Q,’s saturation volt-
age; consider only the period when Q, is ON.
Since Lp is the primary inductance of T, (the
secondary is open-circuited by diode D, ), the col-
lector supply voltage is

di
Vee = Lp—
L&{0 I (lf
With current starting from zero, you can write
this as ;
Vee = Lp -
h
Thus, the primary current increases linearly, and
its peak value is
. Vt'("l
U (peaky =— 5 (1)
peak) L/'

The average transistor current is
fgy = ti] 11 (peat)
2(ti +t2) 7
If you define the efficiency, 7, as the ratio of

P, to P, and since the input power, P;, —
Veelqr, then by substitution

: P t :
lop = - = ! U (peak)
2V ee 2(t + t2)
Or, i i 2(’1+72)P (2)
1(pcak) — T]V(-rll out

Example. Assume an average duty cycle of 2/3
(fl = 21-_»), Vw- = 2V, P,,,,f = 3W, and n = 50%.
Then from eq. (2),

. _2)Ct+1)3) _

O T T i

and

I~ bk Pout — 3
M T Ve T (0.5)(2)

—3 A4

The requirements for Q, and T,

The prime characteristics of Q, are

® a peak-current capability with a low Ve eat),
and a reasonable saturated current gain
(20 min., in order to use a small driver
transistor, Q3)

® an adequate
voltage

® rapid fall time during turn-oft (storage time
is not critical)

The key factors in the design of the storage

transformer (T.) are

® the converter duty cycle, ¢,/ (1, + t2)

® the secondary-to-primary turns ratio, Ny/Np

® and the primary inductance, L, (this is set by
the operating frequency)

collector-emitter breakdown

When Q, turns off, the core flux cannot change
immediately. So the primary ampere-turns imme-
diately before the Q, turnoff equals the secondary
ampere-turns immediately after the Q, turnoff:
Npiy = Ngis. Np and Ny are the primary and
secondary winding turns, respectively, and /. is
the peak secondary current.

The OFF time, t., is the time needed for the
secondary current to go to zero, at which point a
new cycle can begin. You determine this by as-
suming that the load voltage is constant for the
duration of one cycle. As an example, suppose
you run the converter at 1 kHz. Then, if it takes
20 s to charge the capacitor, you will use 20,000
cycles to raise the load voltage from zero to
500 V. Thus, the voltage increment per cycle 1s
negligible, and you may consider the load voltage
constant throughout the cycle.

The turns ratio

The open-circuit output of T, is £ — L % ahd

Ll'il

the load voltage is V; — at any time ¢

(t starts when Q, turns oFF). The secondary cur-
rent 7/, decreases linearly; the time to decrease
Lyi: ;
v, This
time varies throughout the capacitor charging
cycle. It is shortest when the capacitor is fully
charged.

from its peak value to zero is 1. —

Since Ly = <i>ip and i» = i, Ne then by sub-

Np Ng
stitution
I‘n*LSI‘:* & . L i, Np i L i, Ny
AT I/IA 0 NI’ V/, N.\' " V[, NI’
iLLp
Fron 1 dii=
e L=
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fl ilL[) VLNI’ VLNI’
therefore, — = : =
123 Vee LpiyNg VeeNs
. . Ng Vits
from which — — ——— 3
ol Np Veety (2

This expression gives the turns ratio needed to
proportion the oN and OFF times for a given duty
cycle. The drive-oscillator circuit sets the maxi-
mum duty cycle, which in this case is about 75%.
Other factors that affect the turns ratio are the
collector-emitter voltage and the fall time of
the switching transistor during turn-off. These two
factors imply that you want the highest turns ratio
allowable, provided that it is compatible with the
drive-oscillator duty cycle.

Example. Assume a maximum duty cycle of 75%,
and substitute the values of the previous example
into eq. 3.
Ny 000 .
Nel 02330

With this turns ratio, the maximum collector-
emitter voltage is

VLtnm.r) = _5_00_ =
e =t s 2T =0

80.

Selecting the inductance of L,

L, the primary inductance of T., has no opti-
mum value. You select it for a given ON time
(t,) determined by the drive circuit. This time, in
turn, is based on the specifications of the core
materials, the power-transistor switching speed,
and so forth. In general, make # as small as
possible, while keeping the energy stored in the
transformer much greater than the energy lost in
the transistor in each cycle. Keep the transformer
losses small by selecting the proper core material
and wire size. To prevent saturation of the core,
it must be air-gapped.

The equations applicable to L are:

1
UI,:jLI’II_a (4)
] Veet
and = f (5)
Substituting (5) in (4), you have
1 . Veet 1 .
Urp = EL/'h L:'l = 5 Veeirty (6)

U, is the energy stored in the inductance during
each cycle. Since it is desirable to have L, as
small as possible (7, small), select the oN time,
t;, on the basis of power stored to power lost
during each cycle.
Example. Choose 7, — 350 ps. Then the energy
stored is
L2930
== 2 =

3.15 x 10—* joules/cycle.
And if you assume an inductor efficiency of 90%

min., then the losses per cycle are 0.1 X 3.15 X
10-% = 3.15 X 10—* joules/cycle.
Power losses

Power stage transistor losses consist of the satu-
ration-voltage losses during the oN portion of the
cycle and the switching losses during turnoff. You
can express these on an energy-per-cycle basis as
UT — U.\'af '}" Usw~ AlSO,
_ Versat) it

Usat — 3

and

where ¢, is the transistor fall time.

Example. Substituting into the above equations
V('l;‘(sa!) = 0.2 V; V('Ii(ma‘:) =9 V; Iy = 350 WS,
and ty = 10 ps,

Usat = (0.2) (9) ;350) 10—¢ .

2.1 X 10—*joules/cycle

Uﬂu‘ =— (9) (9) (210) 10=° —

4.05 % 10—+ joules/cycle.

Again, assume an average duty cycle of 24. Then
the average period is

(3) (350) 10~
AT R

The average frequency is, therefore, 1900 Hz.

= 5.25x 10725

You can now estimate the transistor power
losses as

Pt = (U.&'uf Jf‘ le‘) far —
(2.1 +4.05)10-% x 1900 = 1.2 W.

This estimate is higher than the actual value, as it
assumes maximum switching losses and maximum
frequency during the whole capacitor charging
cycle.

The only other major losses are in the drive
circuit. You can estimate them on the basis of the
current required to drive the power stage. The
drive-circuit losses during the ON time are

Un = _hI,l,TV(V('t‘
joules/cycle;

drive-circuit losses during the OFF portion of the

cycle are

Ve
R,

joules/cycle.

Ud-_' =

to

Example.

Usii= <—19§) (2.5)1(3.5) 10~ =44 3% 10~
joules/cycle

2:5

Ud: — <m> (175)10*4 =

3.65 » 10~ joules/cycle.
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dc-dc converter (concluded)

Efficiency
You can define the total circuit efficiency as

n = (total energy stored per cycle) —
(total energy lost per cycle)
total energy stored per cycle

X 100%

The total estimated losses (transistor, inductor,
and drive-circuit) are (6.15 + 3.15 4 4.44)10—4
= 1.37 X 10—* joules/cycle; total energy stored
per cycle, U, = 3.15 X 10-% joules/cycle;

(3.15 — 1.37)
315
% 100% =357%.

This is a reasonable efficiency for many appli-
cations, so the oN time selected appears to be a
sound choice. Sacrificing size and weight (to
lessen the effect of switching losses), you can
lengthen the oN time and increase the efficiency.
A faster power transistor (such as the 2N2912)
and a more efficient inductor would reduce losses
still further.

estimated efficiency, —

Standby power losses
When the inverter is shut off, the significant
power losses are
® [oad-capacitor leakage
® voltage-sensing circuit dissipation
® drive-oscillator starting-circuit losses
You can compute the latter two losses, but the
first is unknown, as it depends on load-capacitor
quality.
The sensing-circuit loss,
4 e (500

i e T ks by AT e d
The drive-oscillator losses,
V2o (2.6)°
) - il
Pra— R, ~ 120 = 005w

So the total circuit standby losses are
(Py+ P4)3600 = (0.10 4+ 0.05)3600 =
540 joules/hour.

Thus, at 57% efficiency, you waste about five
capacitor charges for each hour’s operatiorts.
Leakage losses for a typical electrolytic capacitor
are at least this large; so it probably is not worth-
while to reduce standby losses. Thus, total standby
losses are about ten capacitor charges per hour.
(Note: The numbers used in these calculations
do not reflect the actual performance of the circuit
of Fig. 4. This circuit operates at a higher fre-
quency and uses a smaller transformer, T..)
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mount it on
your wall
If the chart has been
removed, Circle Num-

ber 40 on the Inquiry
Card for a copy.
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e Fanour!

Mark B. Leeds, Features Editor

TTL padding. Giving further strength
to the buyer’s market in transistor-
transistor-logic (see EE, Dec., p. 73)
and wishing to enlarge on its base as
the sales leader, Texas Instruments is
planning a number of innovations this
year. TI will unveil three new families
of the dominant digital logic, and
plans to alternate source the rival
SUHL TTL line. Engineers have mod-
ified the basic circuit design to pro-
vide: a high-noise immunity TTL; a
non-saturating TTL for speeds com-
parable to emitter-coupled logic; and
an ultra-low power TTL that will
consume one-fifth the dissipation of
current standard low-power TTL
(which is 1 mW/ gate). Details remain
proprietary, as do the market intro-
duction dates.

Various catalog forms of high-noise
immunity logic exist—providing from
6 to 80 volts of transient protection
—supplied by such IC houses as Mo-
torola, Amelco, and United Aircraft
(see EE, Nov.,, p. 14). A lower
low-power TTL form should bite into
the slower MOS logic market. And
a 1-2 ns propagation delay TTL fam-
ily will curb some standard ECL
growth (which runs from about 3 ns
down into the picosecond realm). The
total import to users is a greater de-
gree of latitude in system design and
product selection.

Vin(ECL)
0

105ns *‘I

Vout(ECL)
0}

—t oo
i
n
=
]

|
Vin(TTL) / : \
0 .‘
|
et 12508 ———f
[}
[}
|
I
|

Vout(TTL)
0

R )
[}

Faster. Standard ECL is faster than cur-
rent TTL logic, because the former is
non-saturating, and has lower parasit-
ics and impedance levels. Basic gate
is more complex and requires addi-
tional power.
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Bring your
design to life...

... just plug it

in!

Heath Analog Digital Designer
only ... $435

Achieve virtually anything you wish in
digital and analog circuitry: design your
own Counters, Frequency Meters, DVM,
Precision Timers, Frequency Standards,
Digital Interfaces . . . and hundreds of
other digital instruments. You can also in-
vestigate Counter, Scaling and DVM cir-
cuits, Adders, Subtracters, Digital Analog
Interfaces and special circuits of your own.
All you have to do is plug-in a few circuit
cards and connect them . ..

The Heath/Malmstadt-Enke Analog Digital
Designer (ADD) EU-801A is a unique
method of system and circuit ‘“‘breadboard-
ing” for experimentation. The ADD in-
cludes three factory-assembled modules
(power supply, binary information and dig-
ital timing) and 13 TTL IC logic cards:
Nand gates, J-K flip-flops, Comparator,
V/F Converters, Monostable Multivibra-
tors, Operational Amplifiers and Relays.

The cards plug into the modules and fea-
ture ‘“‘wire-patch” solderless color coded
connector boards to accept ordinary hook-
up wire and component leads for simple and
rapid assembly of your design.

The ADD may easily be expanded as new
modules and cards are available. The An-
alog Digital Interfaces enable the ADD to
accept and process external information. 10
lamp binary readout is built-in . .. digital
readout will be available shortly.

Just plug your design into the ADD ...
optimize it and use the solution directly . . .
for only $435. (Cards and modules are in-
cluded, but may also be purchased sepa-
rately.)

Many cards from the Heath EU-805 Universal
Digital Instrument (UDI) may be used in the
ADD increasing its capabilities. The UDI com-
bines in one package a 12.5 MHz Multi-
Purpose Counter /Timer and a 0.05% accu-
racy Integrating Digital Voltmeter to measure
frequency, period, time interval, ratio, count
events, and perform as a DVM and voltage
integrator with unmatched versatility.

r— AT E
I HEATH COMPANY, Dept. 580-25—:
For more infor- | Benton Harbor, Michigan 49022 I
mation send for | [0 Please send FREE New Scientific Instrumentation Catalog. |
the NEW | [
| Name |
HEATH I 1
Scientific | Address_ |
Instrumentation | ;. State Zip |
Catalog | Prices & specifications subject to change without notice. Ek-266 |
l *Mail order prices; F.0.B. factory. |
S sl oW Rl well B e e e W% P = s el e o -
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THE ORIGINAL MINIATURE 4PDT
POTTER & BRUMFIELD KH RELAY
WAS BORN IN 1960

LOOK HOW
THE FAMILY
HAS GROWN!

nyone too l . : z : -

KHU U/Lrated for. /10 HP, 3 a:gg e"s(, 12.0V AG; 3
-~ “amperes.@-28V_DC fesistive. =
KHF ~Same U/L recognition as KHU Senes‘ﬁut wnfh pnnted
circuit terminals.
Exceptional long life ... up to 100 million mecha- KHX= U/L recognized for opposite polarity ratmgs

ficgl.eperations DC (50 milliorLAGY: KHE = Same U/L recognition as KHX Series but with printed
Small size ... only slightly larger than one cubic inch. circuit terminals.

When your curcun calls fora4PDT relay toswitch from low level
to 3 amperes, specify a KH from P&B and get these advantages:

Wide choice of mountings, enclosures, terminals,

A Let us show you the-most complete family of miniature four
sockets and contact materials.

pole relays available anywhere. Let us tell you about our vast
Underwriters’ Laboratories list this relay (KHU Series) under production capacity. Talk with your local P&B sales engineer
their Component Recognition Program. The KHX Series is U/L today or call Potter & Brumfield Division of American Machine &
recognized for opposite polarity ratings. Foundry Company, Princeton, Indiana. 812-385-5251.

AMF | POTTER s BRUMFIELD




Highlights of ISSCC

Now, in the twenty-first year of semi-
conductor electronics, the solid-state
technology is showing definite signs
of maturity. Semiconductor devotees
are abandoning the device-oriented
oneupmanship tack—and are instead
becoming systems-oriented.

Evidence of the “adult” theme is
this year’s International Solid State
Circuits Conference, considered the
premier technical meeting of the in-
dustry. The 1969 Philadelphia confab,
scheduled for February 19-21, will
focus on circuits, subsystems, and sys-
tems, concentrating on the solution
to specific, practical problems.

Foremost among the many topics
are linear integrated circuits, micro-
wave systems, and interfacing with

ISSCC PROGRAM
WED (2-19)

A.M. Sessions

New Op Amps
Bulk-effects, Avalanche Devices

P.M. Sessions

Keynote Address
Semiconductor Memories
Optoelectronics

Eve Panels

Microwave Power Generation
Analog ICs

LSI: Custom vs Standard
Artwork Design, Implementation
Memory Impact of LSI
Electroluminescent Displays

THUR (2-20)
A.M. Sessions

Digital Circuits
Microwave Amplifiers, Oscillators
Consumer Electronics

P.M. Sessions

Solid;state Power Control
Hybrid Power Amplifiers
Computer-Aided Design

Eve Panels

MOS-FETs Today

Digital Techniques

Low-Noise Microwave Techniques
Phased Arrays

Computer-Aided Circuit Design
Consumer Electronics

FRI (2-21)
IC Design Technology

Analog Circuits
Circuit, Device Modeling
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computer technology tools.

For example, the last-mentioned in-
cludes computer analysis and simula-
tion of Mos-Ics, topological layout and
synthesis, memories, and diagnosis of
gate failures in combinational circuits.
A panel discussion on CAD will exam-
ine the vendor-user interface and mod-
eling dilemmas. Five more papers on
the subject cover speed optimization
in pulse and switching circuitry, vari-
able-threshold FET performance, and
MoOs circuitry. Finally, computer
graphics in the context of standard
vs custom LSI and mask generation
wrap up the topic coverage.

Other prominant subjects include
memory systems, optoelectronics, digi-
tal system implementation, consumer
electronics, and power generation and
control. The “power” papers cover a
new IC for proportional power control,
silicon transducers, pressure-sensitive
diodes, a Hall-element switching cir-
cuit, and phase-sensitive rectifier cir-
cuits.

The keynote address, “Strategy and
Tactics for Integrated Electronics,”
will be given by J. A. Morton of Bell
Telephone Laboratories. And, contin-
uing the meeting’s international flavor,
20% of the 150-odd papers and panel
sessions will be conducted by engi-
neers from abroad. Many are truly
“state of art,” evincing the closing of
the technology gap between here and
abroad. Among the topics are a 1.5-W
monolithic amplifier from R.T.C. Ra-
diotechnique of France, cap topology
from Tokyo-Shibavra of Japan and
Technische Hochshule of Germany,
and discretionary-wired Mos memo-
ries from Mullard Labs (U.K.).

In linears, the dominant themes are
operational amplifiers, video circuits,
receiver amplifiers, MOs synch separa-
tors, tuned circuits, and oscillators;
also, proportional power control,
transducers, motor switching, regula-
tors, and analog delay lines.

The microwave accent is on bulk-
effect and avalanche circuitry, with
topics including power generation,
amplification, and conversion. Sessions
on the computer art will cover systems
partitioning and organization, the ven-
dor-user interface, subsystem analysis
and synthesis, failure analysis, and
memory organization.

Registration for the conference is
being handled by H. G. Sparks,
The Moore School of Electrical Engi-
neering, University of Pennsylvania,
Philadelphia, Pa. 19104.

N P

Daily millions of these
P&B Power Relays
prove their reliability

The granddaddy of all P&B relays.
Millions in use throughout the world

. starting motors, controlling ele-
vators, doing a multitude of heavy
duty jobs, reliably. Here are some
reasons why.

Floating Contact Carrier—

Provides Wipe

Afull floating carrier for the movable
contacts provides an abundance of
wipe to keep the contacts scrubbed
on every operation. Large 5/16” di-
ameter contacts switch 25 ampere
non-inductive loads or 1 HP at 120/
240V AC, single phase.

A wide variety of contact arrange-
ments is available. Coil voltages
range from 6 to 440 volts AC and
6 to 110 volts DC. Magnetic arc-
quenchers are also available for DC
loads over 28V DC.

Many Are Listed by U/L and CSA
Underwriters’ Laboratories (File No.
E22575) and Canadian Standards
Association (File 15734). CSA listing
covers AC relays only.

PLUS P&B Capabilities and
Facilities that insure

m Controlled Quality
u Reliability

w Long Life

u On Time Deliveries

Five plants in the United States and
one in Canada, provide the produc-
tion capacity to handle large orders
with on-time deliveries.

A MR
POTTERsBRUMFIELD

Division of American Machine & Foundry Co.
Princeton, Indiana 47570
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lon implantation:

the sock-it-to-’'em method
to dope semiconductors

There is a new girl on the block. Nobody knows

how good she is yet.
But she seems to have a lot to offer.

By Stephen A. Thompson, Western Editor

Ion implantation is a newly emerging semiconductor
processing technique involving many interrelated phe-
nomena. There has been much confusion, both semantic
and technical, in this complex field, but progress to-
ward understanding the process and fabrication of pro-
duction devices is being made at many companies and

Where the action is

Hughes Aircraft Co. makes MOS FETs and IMPATT
diodes. The table on page 69 lists the differences be-
tween introducing the impurities by diffusion and by
ion implantation. Hughes Aircraft Co. takes advantage
of these differences to make the improved Mos FETs and
IMPATT diodes shown in Fig. 1.

For the two MOs FETs, the fabrication steps are simi-
lar except for some dimension changes and the extra
implantation step. The gate in the diffused device is
necessarily wide to allow for registration tolerances and
for the fact that diffusion spreads laterally. The over-
lap between gate and diffused channels produces a high
parasitic capacitance in the diffused MOs FET.

In the implanted MOs FET, the gate can be made to its
desired width, which can be almost three times smaller
than the gate of the diffused device. A broad beam of
boron acceptor ions is then implanted over the entire
wafer. Most ions striking the oxide regions penetrate
the oxide layer and are deposited in the bulk material,
doping the offset channel region. Ions which strike other
regions are collected harmlessly in the metallization lay-
ers or form p- regions in the diffused areas.

Alignment of the implanted channel and the gate is
automatic, because the gate serves as the mask and

68

research labs both here and abroad.

While it is still too early to tell what the practical
limitations of ion implantation are, it is obvious that
neither will it replace diffusion, nor is it just another
fad. The real promise is in marrying both processes
to produce devices that will surely be better than either
can produce independently.,

there is no lateral spread of ions. Photoresists, oxide
layers, metalizations, and metal contact masks have
also proven effective as masks in similar situations. Dr.
Edward Wolf of the Hughes Research Labs has used
a scanning electron microscopy to show that diffused
junctions are indeed located far under the gate, while
implanted junctions line up perfectly with the gates.

The alignment between gate and source or drain
channels produces two to four times lower input ca-
pacitance and about 40 times less Miller capacitance
than a conventional device for equal gn. This reduction
in parasitic capacitance makes the implanted MOS FETs
about five times faster.

According to Robert Bower, Manager of the Applied
Solid State Research Department located at Hughes in
Newport Beach, Calif., there are other ways to get self
alignment. However, they are not as good as ion im-
plantation. These other methods also depart substan-
tially from standard Mos technology by requiring the
use of refractory metals, doped insulators, silicon etch-
es, and similar items. At best, they yield devices only
half as fast as the implanted ones.

Hughes is making experimental Mos devices for an
experimental Air Force system. Both the process and
the results are good enough to maintain an active pro-
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What is ion implantation?

Ion implantation is simply a method for doping
semiconductors. In diffusion—the popular doping
method used today—an impurity is presented to the
surface of a semiconductor, and under proper tem-
perature treatment it diffuses into the bulk material.
In the new method, impurities which are ionized
and accelerated to high velocity, penetrate the semi-
conductor surface and deposit in the interior.

What can ion implantation do for me?

Diffusion and ion implantation are two different
physical processes for doing the same job, doping.
To oversimplify, diffusion is a temperature dependent
phenomenon, while ion implantation depends pri-
marily on Kinetic energy. One intuitively expects
different end results.

A new approach always suggests the happy possi-
bility that certain jobs can be done better, or that
previously impossible tasks can now be performed.
Listed below are the main differences between ion
implantation and diffusion. Somewhere in the list is
a difference that may spell out an advantage for you.

HOW 10N IMPLANTATION
DIFFERS F R OM DIFFUSION

¢ The two techniques offer wider choice of dopant-
substrant combinations.

e Solid solubility or diffuseability do not restrict
dopants.

¢ Jon implantation is a relatively low temperature
process.

* Very shallow and/or abrupt junctions can be
made.

¢ Submerged layers of opposite polarity can be
made in one step.

¢ A direct electrical measurement of doping is
available.

¢ Manufacturing steps do not have to follow the
same order of diffusion.

» Production steps can be eliminated.

* Purcr doping is possible.

¢ The dopant does not spread laterally.

* Junctions can be formed beneath existing passi-
vation layers.

0
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Diffused, passivated
MOS FET. Note the
gate-channel overlap.

10 mils

o

2-3 mils
¥

P SO A0

AuSb

. o
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Diffused IMPATT device. Note
wide p* region.

Fig. 1: How ion implantation improves semiconductors.
Thanks to the better alignment, the implanted MOS

Gate-channel overlap

SiO2 Passivation
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<«— P diffusion—

/ <—n substrate—e
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,I/// Implanted
channel
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Diffused, passivated MOS FET
using ion implantation to

form crucial portion of

channel. Note perfect alignment.

1§

IMPATT device with pt region
implanted. Note how thin the
layer is. It also makes a
more uniform junction.

FETs operate five times faster than diffused ones. Im-
planted IMPATT diodes run cooler, are less noisy.
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Low energy High energy
Log N Log N
Np Np
Np Nn
X X

/

Surface Surface
Fig. 2: Implanted junctions. Assuming, ideal distribu-

tion, the amount of energy provides accurate control
of the location of the junction or buried layer.

gram to make ion-implanted semiconductors for digital
applications. Ion implanted 1cs (probably MOs memo-
ries and shift registers) will be the next step.

Another illustration of the advantages of ion implan-
tation is in the iIMPATT* diodes shown in Fig. 1. Both
structures, the diffused and the implanted, are formed
by starting with an n° substrate, growing an n-type
epitaxy, and doping that with p-type dopants.

Since diffusion is sensitive to crystal imperfections
and dislocations, the pn junction is usually not uniform.
and neither is the IMPATT avalanche. Ion implantation,
on the other hand, is relatively insensitive to crystal
imperfections, and produces a more uniform junction.

Because the implanted junction can be so shallow,
0.2 microns versus about 2-3 pm for the diffused de-
vice, its thermal resistance is much smaller. Junction
temperatures have been reduced by 4°C per watt of
input power.

Implantation gives you better control of the n-region
thickness for several reasons. The required thickness
of this region is smaller because the implanted junction
is shallow. The depth of the implanted p' region also
varies less. The n-n' interface does not move during
doping because the ions are implanted at a relatively
low temperature, 300° to 500°C.

Only the microplasma noise level is seen in the im-
planted diodes, wherecas as many as seven occur in dif-
fused diodes. At typical operating currents, the noise
level of the diffused diode is as much as twice that of
the implanted diode.

Optimization of these devices is still a long way off,

but outputs of 1.5 W of cw power at X-band have been
reported at efficiencies of 5% . Improvement in this type
of device should continue as dimensions are tightened
and the distance from junction to epi layer is brought
under control.
Ion Physics Corp., the pioneer in ion implantation. A
subsidiary of High Voltage Engineering, Burlington,
Mass., this company has been selling phosphorous-im-
planted solar cells for four years to Wright Patterson
AFB, NASA-Goddard, JPL and others. No good eco-
nomic comparison with diffused cells is available be-
cause production quantities have been small.

Ion implantation was first to provide a junction 0.2

*IMPATT (IMPact Avalanche Transit Time): A microwave
diode oscillator that operates on the negative resistance that re-
sults from the combination of avalanche and carrier drift.
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AF 7
Buried layers are easy to make with ion implantation. Note
also the masking effect of a thin (0.3 um) gold mask, which
brings the buried layer closer to the surface. Implantation
energy was 2_MeV. (Photomicrograph courtesy of Roosild,
Dolan and Buchanan, AFCRL.)

micron deep, which increased the blue-light response
of the cells. But this advantage no longer exists as low-
temperature diffusion (800°C) now also provides shal-
low junctions. Since junction uniformity is not too im-
portant in solar cells, ion implantation today does not
offer a clear advantage for them.

Ion Physics Corp. also makes IR detectors of InAs
and InSb, and is getting ==2% uniformity from one to
another, about 10 times better than with diffusion. GaP,
GaAs, and GaSb devices are also being investigated,
and the company is presently looking for 2 pm IR re-
sponse for night vision sensors and other applications.*
It has under development a sensor matrix of 16 ele-
ments (on 50-mil centers) active in the 3-5 pm region.
The goal is to make a 300 x 300 device array on 5-mil
centers. IPC is also studying Gunn diodes.

Since 1967, IPC has had a contract with Corning
Glass covering three areas: equipment design of ion
sources and accelerators basic reseach on ion implanta-
tion; and development of devices such as MOS tran-
sistors, microwave bipolar transistors, microwave di-
odes, and electro-luminescent devices. Ton implantation
holds the promisc for practical electroluminescent de-
vices made with III-V compounds (GsAs) and II-VI
compounds (InSe, InSb)— something the diffusion has
not been able to do.

Dr. Fred Bartels, who directs the Solid State Division
of Ion Physics, thinks that ion implantation is ideally
suited to make MOs FETs and points to another advan-
tage of gate masking (in addition to the ones shown in
Fig. 1). “Gate lengths can be reduced by a factor of
2 or 3, which reduces the gate active area (for the same
transconductance) by a factor of 4 to 9.”

Isofilm International. This small company, located in
Chatsworth, Calif., was the first to offer off-the-shelf
commercial ion-implanted diodes and rectifiers. Iso-
film’s present purpose is to market ion implanted de-
vices and it plans to expand its line.

The units are marketed as having the fastest forward
and reverse recovery time available, independent of
pulse width or amplitude. It is doubtful, however, that
doping in the conventional chemical sense of the word
is responsible for that good performance. Since the
forward drop of these diodes is less than 0.6 V (it can

*Hughes Research Labs also has a program to make photode-
tectors with ion implantation. They have implanted large-area
photodiodes of InSbh.
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be made as low as 100 mV), they look more like Shot-
tky barrier diodes, rather than like junction diodes. Of
course, such low drop brings with it a relatively high
reverse leakage.

However, Leonard F. Roman, Vice President of
Isofilm, says you cannot use diffusion terms when you
think of ion implanted diodes. “The ions find their way
into the silicon in two different ways,” he says. “Inter-
stitial ions channel deeply and form a junction. Other
ions impact-damage an area that lies immediately below
the surface. This area serves as contact for the active
channel and accounts for the extremely high pulse-han-
dling ability of the diodes.”

Isofilm will sell scribed implanted wafers and guaran-
tee an 80% yield. Mr. Roman is so confident about
his process that he says “major yield problems are as-
sociated with the silicon wafers, not the implantation.”
George H. Elliott, president of Isofilm, indicates that
they can produce up to a half million chips per day, or
4000 packaged diodes.

Other players

Fairchild Semiconductor has had a product on the
market for almost a year (their 2500 core driver) which
uses ion implantation as a processing step. It feels that
the process is proprietary, since it gives the company a
competitive edge.

Dr. William J. King, formerly of Ion Physics, has
started a new company, KEV Electronics, in neighbor-
ing Reading, Mass. He hopes to have a few unique
products (initially, voltage-variable capacitors and high-
frequency devices) by June 1969, sales before the Fall
is over and product acceptance within a year, Dr. King
thinks ion implantation cannot compete yet with dif-
fusion in silicon digital ICs.

Dr. A. U. MacRae of Bell Laboratories, Exploratory

Semiconductor Technology Labs, is enthusiastic about
the reduction in processing steps that are possible along
with the reproducibility, shallow junctions, and low
temperature benefits, He contends that processing is
fast enough to compete with diffusion.

Roosild, Dolan, and Buchanan at the Air Force
Cambridge Research Lab have used energies of 1 to
2.5 MeV to implant buried layers in silicon. As shown
in Fig. 2, one application of this technique would be to
use the buried layer as the gate for a vertical channel
junction field effect transistor.

There are several other areas of general interest
where progress is being made. Better resistor doping is
possible with ion implantation for high-value resistors,
because the sheet resistivity can be controlled accu-
rately. Good ohmic contacts can be made thanks to the
high surface concentration of impurities that can be ob-
tained. Nuclear particle detectors have been made with
alpha particle resolution comparable to that observed
in good surface barrier detectors. There is work going
on to make implanted bipolar devices, but the problem
is complex and no definite results are available yet.

Even though junctions have been implanted in ma-
terials such as Ge, CdTe, CdS, and SiC, silicon re-
mains the main one by far. Professor James W. Mayer
of Cal Tech, who has worked many years on ion
implantation, stresses investigation in silicon because,
“if we don’t understand it in silicon, we can’t under-
stand it anywhere”.

Next to silicon, ion implantation seems to hold a
promise for GaAs. According to Professor James Gib-
bons of Stanford University, good isolation can be
obtained in GaAs with planar technology. Oxide layers
can be formed, etched, and implanted through. With
diffusion, on the other hand, GaAs devices must be
isolated using mesa technology.

The equipment—how to get turned on

Ion implantation is not as simple as it may first ap-
pear, nor are all of its advantages always available.
Let us explore its limitation further. Most of the field
is completely uncharted for there is no “recipe book.”
A company investigating a particular application must
do its own research. The equipment is sophisticated and
expensive, because it must be versatile enough to gen-
erate almost any ion in vacuum, accelerate it to a high
velocity, separate it by mass and finally implant it at a
controlled temperature and/or orientation.

Post acceleration

The decision to pre or post accelerate the ion beam
(before or after mass separation, respectively), creates
the first price division. Post acceleration is cheaper be-
cause the relatively low energy beam from the ion
source, about 2 to 10 keV, can be mass separated ecasily
—which reduces the dimensions of the implantation sys-
tem. The separated low-energy beam (about 100 keV
max.) is accelerated in one step to the full target poten-
tial.

This approach has two severe drawbacks. First, the
single-stage acceleration has an “electrostatic lens” ef-
fect on the beam—making large area, uniform implants
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difficult to obtain. Second, the target chamber instru-
mentation must float at high voltage, so accurate
measurements and control of target are very difficult,

Pre acceleration

The answer to those problems is a pre acceleration
system such as shown in Fig. 3. The ion source is at
high voltage, so most of the system is grounded. There
is, therefore, no “electrostatic lens” effect on the beam,
and the target is easy to control.

This type of system produces ion beams of several
million electron-volts. However, for energies higher than
300 keV, the high voltage source must be a Van de-
Graaff or a Cockroft-Walton type of accelerator., These
machines, plus the added mass separation requirements,
add to the cost substantially. Is it worth it? “Yes,” says
Fred Bartels of Ion Physics. “To implant heavy ions
into heavy substrates you’ll need that type of machine,
But equipment is not where the money is spent in a
(diffusion or ion implantation) process for semicon-
ductors, so equipment cost is not as important as it
first appears.”

Robert Bower of Hughes costs out a low voltage
pre-acceleration system this way. “A diffused Mos
processing line costs about $600,000. The Mos manu-
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lon implantation system

ION SOURCE

ION ACCELERATION

Fig. 3: lon implantation system with pre-acceleration.
The ion source, floating at the highest system voltage,
generates a plasm that contains the desired dopant.
The beam emerges from a lens directly into a multi-
stage acceleration column, where it is accelerated to
its full potential. From the exit aperture of the accel-
erating column to the target, the sysetm is grounded,

BEAM SWEEPING

MULTIPLE HEATED
TARGET CHANGER
FOR BATCH
PRODUCTION

eliminating “‘electrostatic lens’’ effects. A large mass-
separation magnet deflects the high-energy beam. Be-
yond this magnet, deflection plates steer or sweep the
beam (just as in a CRT) to make uniform, wide-area
implants regardless of beam profile. Samples are
mounted and manipulated in the temperature-controll-
ed target chamber, which is essentially at ground po-
tential.

facturing station for ion implantation costs about $30,-
000 additional, so it becomes a 5% cost increase.
You must then balance this against the 3 to 5 times bet-
ter speed-power product that is possible to achieve.”

To buy, or not to buy

Ion sources and systems are commercially available.
Many of the companies involved in ion implantation,
however, design and build much of their own systems—
particularly the sources. Source technology is generally
proprietary.

A post acceleration system costs around $50,000. An
intermediate-voltage, 100 keV, pre-acceleration system
is about $100,000. A high energy pre-acceleration sys-
tem will range upward from there. Roughly, a 2 MeV
generator would cost about $100,000, or half the total
system price,

It is interesting to note that two companies in the
field had particular capabilities that offset some of
the initial costs. The Hughes Aircraft Co. had source
technology derived from its extensive involvement in
ion propulsion. It also has a semiconductor division.

Ion Physics also had considerable know-how in ion
beams, as a result of early ion engine work. In addi-
tion, it has easy access to Van de Graaff generators
through its parent company, High Voltage Engineering.

Isofilm and KEV Electronics are proof that despite
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the costs, the entrepreneur is not dead. Isofilm has spent
four years developing most of their own techniques
and equipment for implantation. On the other hand,
Dr. King of KEV does not think it is worth designing
your own equipment, and has bought most of his.

Production systems

Ion implantation equipment for production lines
can certainly be simpler and cheaper than research
systems, because the optimum implantation param-
eters would be established.

The source can be very simple, as long as it reliably
puts out lots of the desired ion specie. Relatively cheap
permanent magnets can accomplish mass separation.
Minor adjustments of beam positioning can be made
by varying the entrance angle to the magnet instead
of providing a variable magnetic field.

A single high voltage supply, with voltage dividers
may be sufficient to operate the source, lenses, and
accelerating column. Sample handling apparatus will
become the most complex part of the system. This is as
it should be, because it is the processed wafers that we
are after.

Professor Carver Mead of Cal Tech states that, today,
a low energy system that will do radiation-damage im-
plants at 20 keV can be built for $20,000.
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This ion implantation system at Hughes Aircraft, Newport Beach Facility, can implant virtually

O WRANTANO SYSTEM

- i o

any ion up to an energy of 150 keV. Unheated samples can be cycled in less than 5 minutes.

How to implant

[t has not proven feasible to diffusc all types of dopants
into all semiconductors. Diffusion technology is largely
silicon technology, with germanium and gallium-arsen-
ide a poor second and third. On the other hand, any con-
ceivable dopant can probably be ion implanted into any
substrate. This reopens the entire Pandora’s Box of
material combinations for the semiconductor designer
to play with. Unlike diffusion doping, implanted ions
always penetrate into the semiconductor, but this does
not guarantee successful doping.

The first parameter that must be controlled when de-
signing an ion implanted device is the ion distribution,
since this will determine the doping profile.

All ions arrive at the surface with practically identi-
cal energies, which they dissipate through random in-
teractions with the target nuclei and electrons. The ions
scatter, slow down and come to rest, after traveling a
distance R, called range. As shown in Fig. 4, the range
of interest is the projection R, of R onto the direction
of incidence.

Since all ions randomly interact with target atoms,
R, will follow a statistical distribution characterized by
the mean ion range R, and a standard deviation in
range AR,
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In a paper published in the March 1968 issue of the
Proceedings of the IEEE, Professor James F. Gibbons
of Stanford University tabulated values of R, and AR,
for conventional dopants (B, N, Al, Pa, Ga, As, In and
Sb) into silicon. With the aid of rather simple formulas,
those values can be used to convert a total ion dose into
an impurity profile for an amorphous (noncrystalline)
semiconductor substrate.

What about crystalline substrates?

Unfortunately, all the world is not amorphous, espe-
cially the silicon world. It is is highly structured and
this is important from the ion’s point of view.

What the ion “sees,” when it hits the semiconductor,
depends crucially on crystal orientation. For example,
when a silicon crystal is tilted 10 degrees with respect to
to the < 110> axis, it looks almost amorphous to the
ions. If, on the other hand, the ions come into the
lattice structure along the < 110> axis, they see large
openings (or channels) down which they can penetrate.

Fig. 4 shows how the distribution of ions varies from
pure channeling (into crystal) to random (into amor-
phous). Well channelled ions can penetrate an average
of 2-50 times farther than in amorphous material.
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lons do their thing

SILICON LATTICE
<110> DIRECTION

INCIDENT
CHANNELING
ION

SUBSTITUTIONAL
DOPANT

INCIDENT
RANDOM
ION

lNTERSTITIAL/

(SILICON) si:5.2x10%%atoms /cm?

<110> 2.2 x 10%atoms /cm?

Fig. 4: View of a silicon lattice along the <110> di-
rection. lons going into the paper penetrate deeply into
the lattice (channeling). On the other hand, an ion
coming at only 10° off the axis sees a closed structure,
and scatters at random on the surface or just below it
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(random ion). Also, some ions fill vacancies in the
silicon lattice (substitutional). The graphs (from the
paper by Dr. Gibbons) show the possible impurity pro-
files between 1009% random and total channeling, and
the definition of ion range and projected range.

Fig. 5: Non-channeling ions create lattice disorder
ground their path, forming a damage cluster about 100

in diameter. In an amorphous material, the radiation
damage effects are relatively unimportant. In crystal-
line material, whenever channeling is desired, they are
significant.

Isolated clusters
Dose <,10'3/cm?2

Fig. 6: The ion dose affects the implanted layer at room
temperature. As the dose approaches 10"/cm’, the
damage clusters begin to overlap, forming a completely

Overlap-amorphous layer
Dose = 10'4/ cm?

disordered layer. Cluster diameter is relatively inde-
pendent of energy—higher energy ions simply pene-
trate deeper.
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In situ or post annealing

(optional at 300-500°C)

Cool substrate and post anneal. .

No oxide layers
Light bulk doping

Q
o
= Post annealing required.
cw n-type to 600°C
23 p-type <600°C
fie
S8
>0
e
)
2
-
3 Implant hot.
oG No oxide layers.
3 £ Light to moderate bulk doping
]
2.8
5C
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Misorient crystals.
Implant hot or

implant at room temp.
and post anneal

Implant through oxide.
Implant hot or

Channeling undesired | Channeling desired

at room temp.
and post anneal

Pre-bombard crystals
with noble gas.

Implant at room temp.
and post anneal

Use high bulk doping

and high dose rates.
Implant at room temp.
and post anneal

Fig. 7: The decision tree for implanting on silicon.
Doping levels higher than 10" ions/cm*® require addi-
tional processing.

<«— > 10" ions/cm?
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< 10" i«:ons/cmz —

Complete elimination of channeling is not possible.
Some ions will always travel the maximum channeling
range in the crystal. Two methods for reducing the
effects of channeling are to tilt the crystal off axis, or
purposely create an amorphous layer. If the crystal is
oriented several degrees off a major channeling axis,
channeling can be minimized to useful proportions.
Many implants into silicon are made 7° off the < 111>
axis. Tilting off the axis presumes a knowledge of crystal
orientation, and you can find out what this orientation
is with a sophisticated technique such as proton back-
scattering. Good wafers are sliced within a fraction of
a degree of the <111> or <100> axis, so tilting them
off axis may not be too difficult.

When implants are done through an oxide, channeling
is minimized because of the severe dechanneling in the
amorphous oxide layver. If there is no oxide, an inert
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specie such as argon or neon can be implanted first to
create a damaged layer that has amorphous properties.

Even when channeling is desired and the best orien-
tation is obtained, lattice atoms occupy a finite area of
the space. Some ions will impact in this area and scat-
ter, or dechannel. Thus the doping profile will be some
composite of both amorphous and channeling. To com-
plicate matters further, non-channeling ions produce
radiation damage, because ion implantation is not an
equilibrium process like diffusion. Unchanneled ions
stop in a region of heavy crystal disorder that they them-
selves create. as shown in Fig. 5. When enough ions
have been implanted, the damage clusters begin to over-
lap, as in Fig. 6, effectively creating an amorphous layer
where all channels are closed and the surface goes
amorphous independent of energy for a given combina-
tion of ion and target. This occurs at a doping level of
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And in this corner. ..

Dr. Carver Mead has done a great deal of re-
search in semiconductor material while at Cal Tech,
mostly in non-silicon matcrials. While he agrees
that ion implantation may have a place in semicon-
ductor technology, his is a voice of extreme caution.

He is concerned that people may be fooling them-
selves, thinking that lots of new things can be made
that cannot be made other ways. He is especially
dubious in the areas of non-silicon technology. “The
reason diffusion doesn’t work is exactly the same
reason ion implantation won’t work,” he states. His
argument runs like this:

People do not appreciate what a beautiful mate-
rial the silicon crystal is. Ion implantation has
started in silicon and found some success. It is natural
to extrapolate this success to other materials and
think that it is only a matter of getting around to
them. However, let us review what diffusion really is.

You heat up a semiconductor substrate until there
is enough thermal energy to produce vacancy-inter-
stitial pairs. Vacancies are relatively easily formed
at the surface of the silicon because there are fewer

chemical bonds to break. When the vacancy occurs,
the dopant lying on the surface occupies the spot.
As other vacancies diffuse to the surface, the dopant
diffuses in and fills them up—one dopant atom for
each vacancy. Ion implantation, on the other hand,
is a high energy process—it creates roughly 1000
damage sites for every ion implanted. The crystal
is a mess, and must be annealed to reorder it.

What makes silicon unique is its very high binding
energy (about 4 eV). Thanks to this high energy, the
vacancy-interstitial attraction is extremely high and
when annealed, the silicon works very hard to rear-
range itself into its crystalline form.

The binding energy for other semiconductors is
lower, about 1-2 eV. Diffusion is imperfect in those
materials because the thermal disorder it causes is
harder to get out. For example, in gallium arsenide,
when a Ga atom goes into what should be an As
site, it is not possible to anneal that complex out.
This problem is even worse in ion implantation be-
cause defects are concentrated in the implanted area,
rather than spread throughout the crystal as happens
in diffusion.

about 10** ions/cm>. Beyond this dose, very little chan-
neling will occur.

The effect of annealing

There is an interesting tradeoff of channeling and
temperature. If the sample is cooled, lattice vibrations
are minimized and the opportunity for channeling in-
creases. However, heating the sample to between 300-
500°C, anneals the damage to the crystal out as fast as
it is produced. This permits high dosages without chan-
nels closing up, but increases lattice vibrations, which
hinders channeling. A rule of thumb is to consider
channeling useful up to dosages of 10'* ions/cm?.

The chart in Fig. 7 summarizes the discussion above.
It lists the main decision points and suggests methods
of achieving the desired results. It considers the doping
level of 10 ions/cm? as the break point for some
techniques. Except for the cool substrate case, all meth-
ods that work below 10'* ions/cm? will work at higher
doping levels. The reverse, however, is not true.

Where to from here?

How far will implantation go? In the near future,
Mos technology will get a lot of attention from ion im-
plantation. Those places where the problems of para-
sitic effects, uniformity, alignment, and temperature can
be overcome will be early battlegrounds.

Although the promise is high, non-silicon technology
will develop more slowly, as will devices requiring tech-
niques such as buried junctions or channeling.

Further down the road, some speculate about the
possibility of all ion implanted devices. Others toy with
the idea of discrete implantation using fine beams, or
broad area implantation with discrete area activation
by local heating, such as with laser beam.
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Ton implantation will have to prove either its techni-
cal value or offer a competitive economic advantage to
dislodge diffusion processes. Semiconductor manufac-
turers would like to stick to the diffusion furnaces al-
ready installed. Ton implantation may provide the com-
petitive impetus and produce an improvement of diffu-
sion technology as it happened in the case of solar cells.

Others see an ion implantation a return to electrical
control, instead of the chemical control required by
diffusion. As Mr. Charles H. Alford of Stewart Warner
Microcircuits states, ‘“electrical control is much more
comfortable for EEs. We now use electrically grown
oxides because it gives us better control of the process
for thin oxides. The more of this type of control, the
better.” With ion implantation, ion sputtering, and ion
machining all under study, more of this type of control
seems almost a certainty.
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Surprise package

(1"x

It's a completely new way to display digital information. The
Hewlett-Packard solid state numeric display packs everything
in one, small unit only 1”x 0.5”x 0.16". Gallium arsenide phos-
phide diodes and an IC driver/decoder chip deliver bright red
numerals—bigger than life, visible for yards.

This new “total package” also gives you the edge on cost. You
don’t have to buy driver elements, or anything else. No special
interfacing is needed. Only four line 8-4-2-1 BCD input and less
than five volts to drive it. The modules are available in three-
character packages, too.

The Hewlett-Packard solid state numeric display is ideal for in-
struments requiring smaller, tighter display panels. Or any ap-
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plication demanding either low power or resistance to shock
and vibration, without catastrophic failures.

Get more information about the new technology for numeric
indicators. Call your local HP field engineer or write Hewlett-
Packard, Palo Alto, California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland.

HEWLETT w PACKARD

SOLID STATE DEVICES

01810
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Basic Type Y unit
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With attachment for
horizontal mounting

With attachment for
horizontal mounting and
wheel for side adjustment

NeW Type Ysinglc turn trimmer is especially designed for

use on printed circuit boards. It has pin-type terminals for use on boards
with a 1/10” pattern. And the new low profile easily fits within the com-
monly used 3/8” space between stacked printed circuit boards.

For greater operating convenience, the Type Y can be supplied with
an optional thumb wheel for side adjustment, or an optional base for
horizontal mounting, or both. The Type Y enclosure is splash-proof as well
as dust-tight, and the metal case is isolated to prevent accidental grounding.

While featuring a new low profile, this new Type Y trimmer retains the
popular Allen-Bradley solid resistance element, which is produced by A-B’s
exclusive hot-molding technique. With virtually infinite resolution, adjust-
ment is smooth at all times. Being essentially noninductive, the Type Y
can be used at frequencies where wirewound units are inadequate. The
Type Y is rated 1/4 watt at 70°C and is available in resistance values from
100 ohms to 5.0 megohms. Standard and special tapers are available.

Let us send you complete specifications on this newest addition to the
Allen-Bradley line of quality electronic components. Please write: Allen-
Bradley Co., 102 W. Greenfield Ave., Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Ltd. Export Office: 630 Third Ave., New York,
N. Y., US.A. 10017.

1067E-3

New Type Y with handy

snap-in panel mount,

supplied with spacers for use
on panels up to 4" in thickness

ALLEN-BRADLEY
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Learn to live with

a filter’s reactance

Power line filters draw large reactive currents—

but a power factor correction coil can help.
Here are some tips on how to use one.

By Robert B, Cowdell,

Technical Director, Genistron Div.,
Genisco Technology Corp., Compton, Calif.

Today’s power line filters require 100 dB of insertion
loss at 14 kHz. This calls for large filter capacitors and
inductors; the higher the line current, the larger those
components get.

For very high line currents, the very large inductor
cores needed to prevent saturation become very expen-
sive. The filter inductance, therefor, must be reduced
and compensated by boosting the capacitance. Such a
filter, however, will draw a capacitive current from the
line, spoiling the power factor. In this article, we’ll
show how to correct the power factor by adding a coil
as shown on next page.

Large filters spoil the power factor

When large power line filters are placed in power
lines, they load the line and draw large reactive currents,
as shown below.

For example, a 100-A filter, on a 400-Hz line, draws
a reactive current (/) of 60.9 A under no load. Such
reactive currents can be even larger if the generator
source impedance is also reactive, and of different sign
than the net circuit impedance. Even with no load, the
filter will draw so much reactive current that it may trip
the line circuit breakers. At best, the breakers will trip
at less than rated loads.

In addition, the capacitive current drawn through a
reactive generator impedance will increase the generator
terminal voltage to a level which might damage either
the regulating equipment or the load. The circuit’s power
factor will be zero at no load and very low at full load.

<€—Circle 36 on Inquiry Card

A power factor correction coil can solve this prob-
lem. The coil inductance is

-1
Co@nc

When shunted across the filter, this coil draws
about the same current as the sum of the currents
through the capacitors. For the 100-A, 400-Hz filter,
L is 753.9 uH. Now, the current through the coil will
be exactly opposite in phase to the reactive line current,
and the reactive current is zero under no load. When
a load is connected, the line current will then be the
same as the load current, and the power factor will be
the same as the load power factor for all loads.

All is not roses . . .

Our coil, however, introduces some complications.
For example, it causes a small drop in output voltage
at no load and a smaller drop at full load. This hap-
pens because coil current cancels the total current of all
the capacitors at the input terminals of the filter, but
only partly cancels the current in the individual capaci-
tors. Furthermore, individual series inductors in the
filter still have a net capacitive current flowing through
them, and a resultant voltage drop across them. If we
wanted to cancel the individual leading currents com-
pletely, we would need several correction coils, one in
shunt with each capacitor. But this is not feasible be-
cause the heat losses would go up with the number of
coils.

A correction coil must be connected at the filter load
terminals. The voltage rise it produces in the filter
then becomes a small voltage drop. As the load in-
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25 A Filter 100 A Filter

Inductive reac- | Capacitive reac-|No-load reactive
f (Hz)|tance X, (Q)| tance X (Q) | current I (A)
25A [100A| 25A [100A| 25A [' 100 A
60 |0.377 | 0.015| 354 | 12.6 33 91
400 |2.51 | 0.10 5.3 1.9 13.1 60.9

Filter power. Typical 25- and 100-ampere filters both have
the same insertion loss. Units’ inductive reactance, capaci-
tive reactance, and reactive current drawn are as listed in
the table.

Fidency Insertion Loss (dB)
with coil without coil
60 Hz 0.47 0.02
120 Hz 0.48 0.03
400 Hz 0.41 —0.04
800 Hz 0 —0.46
1 kHz —0.34 —0.80
2 kHz —2.98 —3.39
4 kHz 0.98 1.13
6 kHz 3.31 3.32

Table of insertion loss for the 100-A filter. Although power
factor correction coils will not materially alter the insertion
loss of filters in their stop band, they can change the re-
sponse in the pass band.

A filter's reactance (concluded)

creases (if the load power factor is high), the voltage
drop in the filter is reduced. Thus, the power factor
correction coil tends to improve the load voltage regula-
tion, since it reduces the full-load voltage drop.

Even if the coil were installed at the filter input ter-
minals, it would still produce a unity power factor load-
ing at the generator terminals. The line voltage, how-
ever, could rise considerably through the filter, and the
size of the filter inductors would have to be increased
to prevent saturation by the added current in the capaci-
tors.

Since capacitive current increases with frequency, it
is much lower at 60 Hz than at 400 Hz. Also, a 60-Hz
filter does not need a very steep insertion loss charac-
teristic to prevent harmonic distortion at 60 Hz, so it
requires fewer filter sections. For these reasons, power
factor correction coils are seldom needed for 60-Hz
filters, but are almost always necessary with heavy cur-
rent filters for 400 Hz or higher power frequencies.

To each frequency its filter

Since line currents are much smaller in 60-Hz filters
than in 400-Hz filters with the same total capacitance,
the voltage rating of their capacitors can be lower, and
the capacitors smaller. Capacitors in 400-Hz filters
must be larger to allow for derating due to the heavier
currents. Because of this, do not use a 60-Hz filter on
a 400-Hz line. Even if the capacitor dc voltage rating
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is adequate for 400 Hz, the 60-Hz filter may have pro-
hibitive insertion loss at 400 Hz. On the other hand, a
filter designed specifically for 400 Hz may be used
safely at any lower power frequency.

We used a computer to calculate the filter output
voltage, assuming a 0 Q source impedance and a 1.15 Q
load (115 V/100 A). At 400 Hz the uncorrected filter
would produce a load voltage of 115.55 V for a 115-V
input because of the 0.04 dB gain. With the power
factor correction coil in place, the load voltage would
be 109.7 V for a 115-V input level. Then, the source
voltage might have to be raised to 120.6 V to provide
115 V at the filter load.

Watch the audio noise

An important disadvantage of 400-Hz correction
coils is that, because of eddy currents, the inductor core
tends to vibrate at that frequency. The audio noise is
usually annoying and occasionally unbearable. It may
occur on some new coils and eventually on most older
coils as their laminates loosen with age. You can pre-
vent it by tightly clamping the laminates and impregnat-
ing them in a semirigid epoxy. You can also neutralize
the ringing by mounting the coils on an isolating ma-
terial which will not conduct the noise.

INFORMATION RETRIEVAL:

Passive components, Magnetic devices,
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Frequency-division multiplexing

An economic technique that preserves the integrity of data

(P Section Manager, Analog Products
By Richard G. Vorce, preion fon

Electro-Mechanical Research Inc., Sarasota, Fla.

“From many into one” characterizes most data ac-
quisition systems, where the signal sources are many,
but the channels for handling them are few. The pre-
dominant means of accommodating this concentration
employs frequency division multiplexing techniques.
Signals are combined into a composite waveform that
is transmitted on a single data link.

Whatever the parameters monitored—whether elec-
trical (gain, voltage, current, etc.) or physical (tempera-
tue, pressure, acceleration, etc.)—it would be costly
and impractical to use a separate channel of electronic
equipment for each parameter to transmit the data
from where it is generated to where it is received. But
combining the signals into a composite signal can be
tricky. The signals cannot occupy the same portion of
the frequency spectrum at the same time.

All of the data, all of the time

In frequency division multiplexing (Fp™M), data in-
tegrity is maintained by converting the information
from each data source to a different frequency. The
frequency bands for each source are far enough apart so
they do not overlap. At the receiving terminal, the
process is reversed. Different components of the com-
posite signal are separated from each other, and con-
verted back to the original data frequencies. Some of
the major system advantages of multiplexing are:

e Continuous rather than sampled data from all
sources.

a End-to-end data reproduction accuracy of 1%.

® Maintains close time correlation among channels.

= Accepts time division multiplexing* on one of the
channels. )

® Preserves dc response with no sacrifice in band-
width (up to about 10 kHz).

= Reliability, because failure or performance degrada-
tion of one channel does not affect remaining channels.
= Accommodates tape-speed compensation.

Frequency division multiplexing, now more than a
decade old, is still used extensively in radio telemetry
systems (and also in tape-recorded systems).

*In Time Division Multiplexing (tpMm), information from differ-
ent sources is kept independent by sampling the different data
sources one at a time.
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In a typical radio telemetry system, the information
from a transducer (after appropriate signal condition-
ing) modulates the frequency of a subcarrier oscillator
(sco). Each data source modulates an sco with a center
frequency that is different from all others. The frequen-
cies are chosen so that even when modulated, a “guard
band” (separation) exists between channels. Thanks
to the standard frequencies recommended by the Inter-
Range Instrumentation Group (IRIG) for missile and
aircraft telemetry systems, reliable, economic hardware
for implementing systems is available “off-the-shelf”,
reducing the design-effort.

VCO’s generate the subcarrier wave

In a practical system, the subcarrier oscillator ac-
cepts the data input and generates a carrier frequency
that is frequency-modulated by the data waveform. The
oscillator can be resistance-, charge-, inductance-, or
voltage-controlled, depending upon the nature of trans-
ducer and/or signal conditioner output. We will con-
sider voltage-controlled oscillators (vco’s) exclusively,
since they constitute the bulk of the oscillators used. A
VCo consists of an input amplifier, a voltage-controlled
free-running multivibrator, and an output filter (see
panel on page 85). The complexity of these blocks in-
creases in direct proportion to the quality of perform-
ance required.

The basic oscillator is a free-running multivibrator
that generates the center frequency when the vco data
input is zero. The output frequency deviates above and
below center frequency as the amplitude of the data sig-
nal varies above and below its zero-signal reference.
The rate of deviation is determined by the input data
frequency. Linearity, voltage input to frequency output,
and both time and temperature stability are the most
critical parameters in the oscillator. Its output is usually
a square wave rich in odd-order harmonics; making it
as symmetrical as possible minimizes the generation
of even-order harmonics.

The output filter suppresses harmonics generated in
the square wave oscillator. This filter has sufficient
bandwidth to pass most of the significant fm sidebands
with minimum amplitude modulation, and its phase
response is ideally linear in the passband of interest.
[t usually is followed by a wideband amplifier that al-
lows for output level adjustment and that boosts the
current drive.
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Primer on fm

In a frequency modulation system, the input data
waveform modulates the frequency of a sinewave
carrier. Carrier variation occurs at the rate of the
data frequency, proportionally to the data signal
amplitude. The instantaneous carrier frequency, when
the modulating signal is a single sinusoid is:

0 = w, + Aw €OS w,t

Here o, is the unmodulated carrier frequency and o,
varies at the rate of the modulating signal «,, with a
peak deviation Aw.

The phase variation of this instantaneous frequency
is
A(U

Wy

9(t) = ’ widt = ot + SIn w,,t
where the constant of integration is ignored.

The expression for the frequency modulated car-
rier becomes

f(t) = cos (ot + B sin w,t)

where B (the modulation index) is the ratio of the
peak carrier deviation Aw to the modulating or data
frequency ,,. For wideband fm, where g > /2,
this equation can be expanded to

f.(t) = cos w.t cos (Bsin w,t)
— sin w.t sin (3 sin w,,t)

which shows that both [cos (Bsin ,t)] and [sin
(Bsin w,t)] are periodic in «, and have Fourier
series expansions that contain terms of w,, and all its
harmonics. This time function can also be repre-
sented and evaluated as a Bessel function of the first
kind, mathematically denoted as J,(3).

In the fm spectral distribution shown here, the
modulating frequency is held constant and the mod-
ulation index () is increased by increasing the data
amplitude, which increases the deviation Aw. As f3
increases, the number of sidebands generated in-
creases dramatically. This means a corresponding
increase in the bandwidth required by the system.

Alternately, if the peak deviation (Aw) of a chan-
nel is kept constant, lowering of the data frequency
results in the generation of many more sidebands
more closely spaced, with the crowding of these
sidebands into a fixed increment of bandwidth.

From the spectral distributions it can be seen that
the average power associated with the wave train
is independent of the modulating signal, and has the
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same average power as the unmodulated carrier. As
the sideband power increases with f, the power
in the carrier term decreases.

The curve shows the channel bandwidth required
to pass all the significant sidebands, plotted as a
function of 3. This curve approaches w/Aw = 2 for
B>>1.

For additional details see M. Schwartz, “Infor-
mation, Transmission, Modulation, and Noise,”
McGraw-Hill, 1959, pp. 115, 116.

How to select a VCO

When choosing the VCO optimum for your system
and budget, be sure that compatible auxiliary equip-
ment such as signal conditioning, charge- and mixing-
amplifiers, a reference oscillator, and voltage calibra-
tors are available as standard items. If they are not,
system costs will go up considerably.

First, consider the input stage. It should be floating,
guarded, and provide a high common-mode rejection
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ratio (=120 dB) out to at least 60 Hz, where major
interference components occur. The floating input al-
lows the unit to withstand common-mode voltages of
100 V or higher. Input impedance should be high
enough so that the data source (whose impedance is
typically about 1000 Q) isn’t loaded down.

The frequency response and the deviation of the
vco are also important. Many practical applications
have data frequencies as high as 1.5 MHz, others are
as low as 10 Hz or less. If your application is at the
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higher frequencies, consider the response curve (linear-
ity of #0.05% 1is readily available in hardware) and
check the overload recovery time. Designs that recover
in 25 to 50 ps from 1000% overloads are available.

In a laboratory or a data site environment long-term
rather than short-term stability is the major concern.
Learn how much the vco center frequency will drift
if the ambient temperature is held within ==5°C during
the working day. Find out how long the unit takes to
stabilize after being turned on. This specification should
also contain a temperature coefficient of zero drift that
is applicable over the entire operating temperature
range. Have the vco stability specifications explained
in complete and unambiguous terms. A drift specifica-
tion written for a ®=15% channel may be completely
unacceptable for your narrowband channel.

At the output, examine three types of data degra-
dation:

Output noise: incidental fm noise that occurs in the
output signal when the vco input is grounded through
a specified impedance. This noise output is compared
to the noise when the vco is driven by a crystal source.
A figure of 0.1% rms of full bandwidth output is
typical.

Intelligence distortion: data distortion caused by non-
ideal elements in the signal path. This can take the
form of amplifier nonlinearity, vco deviation restric-
tions, or nonlinear filter phase characteristics. Using
full bandwidth deviation, the distortion should be
< 0.5% in a system where the modulation index is =5.

Amplitude modulation and distortion: Amplitude
modulation in the output causes distortion by changing
the relative amplitudes of the modulation sidebands.
Carrier distortion is caused by harmonics (predom-
inately 3rd and S5th) present in the vco output after
filtering. Control of a-m to within 1 dB is normal. For
deviations < =*15%, the total harmonic distortion
should be less than 1%.

The missing link

For transmission, the outputs of all subcarrier oscil-
lators are combined into a composite signal. This signal
may be recorded directly on tape for the data processor,
sent along a single wire, or used to modulate a radio
transmitter.

If an rf data link is used, the system will have a two
part designation. The first part defines the subcarrier
modulation (or encoding) technique, while the second
part describes the method used to modulate the radio
transmitter. Thus, in an fm/fm system, both the oscil-
lators and the carrier are frequency-modulated; in an
fm/pm system, the carrier is phase-modulated; and in
pem/fm/fm system, the oscillator is pulse-code modu-
lated, while the carrier is frequency-modulated.

Filtering, the key to demultiplexing

Once the data has been sent along the link, individual
data channels must be demultiplexed. In fm systems,
this is done by the subcarrier discriminator. The dis-
criminator selects a specific fm channel frequency from
the input fm multiplex, separates the intelligence sig-
nal from the fm carrier with a minimum of distortion,
and supplies this signal at its output with sufficient am-
plitude to drive a monitor.

Bandpass input filters separate the desired fm signal
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from noise and other fm multiplex signals present at
the subcarrier discriminator input. In addition, the fil-
ter must pass the desired frequencies with a minimum of
distortion. Watch out for excessive signal distortion at
the output of the bandpass filter, due to improper am-
plitude response, and/or nonlinear phase response of
the filter to the desired band of frequencies.

The fm signal contains a number of necessary fre-
quency components of different amplitudes: these are
called significant sidebands. If the intelligence con-
tained in the fm signal is to be reproduced, the filters
must maintain the relative amplitude of the signal car-
rier and these sideband frequencies. It must, there-
fore, attenuate all frequencies within the bandpass by
the same amount, and block all signals outside the
passband. In practice, filters cause negligible ampli-
tude distortion of fm signals with a modulation index
of five or higher. Although they do not completely at-
tenuate noise and other signals outside the passband,
their attenuation is sufficient. The filtering characteris-
tics of the limiter, fm detector, and low-pass output
filter that follow the filter will suppress these signals.

In fm, frequency deviation due to modulation pro-
duces a linear phase shift over the passband range of
the fm signal. Signals produced at the carrier frequency
do not have the same phase relationship as signals
produced above and below the center frequency. The
phase changes occur at a linear rate and the bandpass
input filter must present a linear phase response to sig-
nals passed by the filter.

In practice, filters provide negligible phase distor-
tion. An improperly designed filter that does not present
constant delay to different frequencies in the pass band
however, will alter the linear phase relationship and
the upper sideband will experience less delay than the
lower sideband. This changes the relative spacing be-
tween sidebands, and introduces phase distortion (see
panel on page 87.

Demodulation: limiting + detection

After the filters separate the subcarrier frequencies
from the composite transmitted signal, the signal must
still be demodulated from the subcarrier. Demodula-
tion is accomplished using a limiter and a detector.

Noise and other interfering signals have imposed an
amplitude modulation on the fm signal, and this a-m
must first be removed. In theory, the detector would
respond only to frequency or phase changes (depend-
ing on the type of detector used); in practice, detector
circuits are responsive to amplitude variations, too.
Converting the input signal to a constant-amplitude
square wave overcomes this problem.

For detection following the limiter, two common
circuits are used today (see panel on page 87). The
pulse-averaging detector operates on the principle that
the frequency of an input signal can be determined by
measuring the time between zero crossings. Various
circuit configurations are possible, but the basic prin-
ciple remains the same. The detector generates a fixed
length pulse for every zero crossing of the limiter out-
put. An increase in subcarrier frequency results in an
increase in the number of pulses per unit time, and
hence, in the average output of the low-pass filter. When
you use both edges of the limiter output, the subcarrier
frequency doubles. This makes subcarrier rejection a
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Input controls

Wave makers. Voltage controlled oscillators (vVCOs)
are the most popular type of subcarrier oscillators
used in telemetry systems to generate a frequency-
modulated carrier. In the simplified block diagram,
input amplifier isolates the data source from the

*Input level Voltage-controlled oscillator
e Frequency
® Offset
Low - impedance
= subcarrier output
Voltage- e
Data input Input controlled Eiiter Output
amplifier astable amplifier
multivibrator S
High- impedance
subcarrier output
for mixing
Calibration
Calibration ot
inputs or
commands

oscillator. It has wide bandwidth, and provision for
sensitivity and offset adjustment; some units also
accommodate calibration networks and relays. The
oscillator is a free running multivibrator whose fre-
quency depends on the amplitude of the input signal.
Filters suppress multivibrator harmonics.

much easier task in the low-pass output filter.

The primary advantage of a pulse-averaging detector
over other types of detectors is the relative simplicity
of design and operation. The detector has excellent
linearity (better than 0.05%) and stability (less than
0.2% drift for a 24-hour period).

Although the pulse-averaging detector has the ability
to detect low signal-to-noise ratio signals, the phase-
locked-loop detector (the second common detector
type) is preferable for threshold performance. This de-
tector operates on the principle that an output voltage
can be developed which is proportional to the phase
difference between the input signal and the output of
a vco. The phase detector compares the limiter output
with the output of the vco, where the latter is quiescent-
ly displaced 90° from the limiter output signal.

The 90° between these signals is the reference phase
established at center frequency. At the reference phase,
the output of the phase detector is such that a zero volt
output is developed at the output of the subcarrier dis-
criminator. Any phase error (change from the 90° dif-
ference) between the input signal and vco signal varies
the output voltage of the subcarrier discriminator above
or below zero volts in response to the phase error. This
error signal changes the vco output frequency an
amount equal to the frequency change of the input sig-
nal. In other words, the vco frequency tracks the input
signal frequency. However, as the input signal varies
about the center frequency, the dynamic phase error
between input signal and vco signal varies linearly.
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The loop filter, which sets the maximum rate of
change for the vco, determines the dynamic behavior
of the phase-locked loop in response to subcarrier
modulation. When the phase error, which is statically
zero, reaches +90°, the discriminator is said to have
“lost lock™.

The advantage of a phase-locked-loop detector over
pulse-averaging and other type detectors is better sig-
nal-to-noise ratio. The phase-locked loop acts as a
tracking filter, and as such, supplements the noise rejec-
tion provided by the bandpass filter. When the data
signal characteristics are known, the operator can ad-
just the cutoff point of the loop filter and the bandpass
of the phase-locked loop. This aids in the rejection
of noise errors which fall outside the loop bandwidth.

On the other hand, other subcarrier discriminators
(such as the pulse-averaging discriminator) let
noise signals throughout the total channel bandwidth
reach the detector, and may generate erroneous data.

The output filter restores the signal

The output of the detector (i.e., the reconstructed
transducer data) is next applied to a low-pass output
filter. This filter attenuates all frequency components
above the data cutoff frequency of the channel. Low-
pass output filters are usually classified as either con-
stant-amplitude or constant-delay types, and may even
have provisions to permit switch selection of either
characteristic, depending upon the data signal.
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The discrimination problem
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Basic fm subcarrier discriminator contains a bandpass in-
put filter which passes only the desired band of frequencies
from the fm multiplex, a detector that separates data signal
from the carrier, and an output filter tuned to pass only
the detected data frequencies. Ideally, the bandpass input
filter would have a rectangular response, passing all the
frequencies within the 2Aw band while rejecting all others.
This ideal response can be approached only by very expen-
sive filters. In practice, the more typical response curve
(shown in color) provides accurate representation of the
input data when combined with the filtering characteristics
of the circuitry that follows it. Frequency modulation pro-
duces a linear phase shift across the pass band. Again, an
ideal filter would compensate for this. Practical filters, how-
ever, introduce a varying time delay that shifts the fre-
quency components of the output signal.

Nonlinear phase shift affects the spectrum

Constant-dclay filters are most frequently used where
real-time interpretation of data is of significance and
where the data is represented by pulses. The constant-
delay filter has a Gaussian-response curve. All fre-
quencies in the passband are delayed almost equally,
thus permitting excellent time correlation. However, the
attenuation factor is not equal at all frequencies, so do
not use this filter where relative amplitudes are of prime
concern. For such case, use the constant-amplitude
Butterworth response filter, which provides nearly
equal attenuation to all frequencies in the passband. Its
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disadvantage is that time delay is not constant enough
to obtain good time correlation.

The output amplifier matches and current-drives the
output load. In many cases, this dc amp is part of the
low pass output filter, i.e., a power output stage is the
last stage of the filter. Regardless of the circuit config-
uration, problems of dc drift are present which, if not
compensated for, will distort the output signal.

Watch that tape recorder
Many data acquisition systems record the fm multi-
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A limiter and a detector, together with the filter dis-
cussed at left, above, complete the fm discriminator.
Two popular detectors are the pulse-averaging de-

essentially measures zero-crossings of the input
waveform whereas the latter measures phase dif-
ferences between the VCO and the processed input.
While phase-locked loop detector provides better
signal-to-noise ratio; the averaging type is simpler
and has superior subcarrier rejection.
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plex signals on tape for future processing, or when the
system acquires too much data to process it in real
time. The best point in the system to acquire these sig-
nals is just before the subcarrier discriminator, as a
single tape suffices for many data channels. You can
then play back the tape and separate the individual
data channels at your convenience.

Since the recorder is another element in the signal
path, it can introduce errors. Variations of tape speed
during recording or reproduction (respectively called
wow and flutter) cause frequency modulation of all
channels of the fm multiplex. Unless the effects of tape-
speed variations are corrected, wow and flutter modula-
tions produce discriminator output signals indistinguish-
able from the data.

In fact, tape recorders can seriously limit the over-
all ability to retrieve data. Major limitations are usually
caused by faults in the mechanical systems that trans-
port the tape across the heads, and by the tape itself,
rather than by the recorder electronics.

Tape-speed error consists of any variation of the tape
speed from its nominal value as it passes over either
the record or reproduce head. Among the more likely
causes of tape-speed error are speed variations in the
tape drive, expansion or contraction of the tape, or
slippage of the tape relative to the head. Any of these
variations will cause a reproduced signal to be dis-
placed in time relative to its true recorded time. In fm
systems, this error results in both an amplitude and a
time base error in the demodulated data.

Fortunately, it is possible to compensate for these
errors to a large degree. In the pulse-averaging detector,
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an error signal derived from the tape speed variations
is used to modulate the data output. This technique
can yield improvements in tape speed of greater than
36 dB up to a frequency equivalent to a modulation
index of five. In the phase-locked loop circuit, the
compensating signal retunes the vco to compensate
for the speed fluctuations.

How to buy a discriminator

Don’t select a commercial discriminator arbitrarily.
Follow the guidelines prescribed here, which are keyed
to the unit’s major specifications and parameters.
Check the list before you buy, and you’ll get better
performance and probably save your company unnec-
essary expense too. The major intent of this section is
to clarify certain key discriminator specifications.

» The input impedance specification is provided solely
to demonstrate the loading effect of a discriminator or
discriminator system on the signal source.

® The dynamic input signal range generally indicates
limiter performance capabilities. If the limiter is well
designed, step changes in input signal amplitude should
cause only a small transient at the discriminator output.
= The amplitude and phase characteristics of the band-
pass input filter affect discriminator performance para-
meters, particularly harmonic distortion, rejection of
unwanted signals, tape speed compensation, and data
frequency response. Linear phase or flat group delay
response has long been a desirable criteria in con-
structing bandpass filters. Recently, a technique for
achieving flat group delay at finite frequencies was de-
veloped. This has resulted in multipole bandpass filters
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with group delay variation less than 0.1% across the
entire passband of interest. Depending on overall sys-
tem requirements, the data system user can determine
whether he requires a two pole-pair, four pole-pair, or
six pole-pair bandpass input filter.
= Low-pass output filters eliminate the second harmonic
of the subcarrier component and all close-in beat fre-
quencies. They are necessary to reduce the output noise
bandwidth, and are available with cutoff frequencies
ranging from 1-3 Hzto 1 MHz in 3, 4, 5, 6, and 7 pole
versions, Low cutoff frequencies no longer present
problems for higher order filters since techniques have
been developed for incorporating 4, 5 and 6 poles
around a single amplifier. Filter characteristics common-
ly available are Butterworth, Bessel, Chebishev, and
phase-compensated Butterworth. For special applica-
tions, filters that exhibit the characteristics of any well-
described low-pass polynominal are also available.
Some filters can switch between characteristics (Butter-
worth/Bessel).,
= Long-term zero and sensitivity stability should be
defined within reasonable limits of ambient temperature
control. Warm-up time should be stated, including
temperature coefficients of stability. Deviation and
center frequency limitations should also be considered
as applicable.
= Rms and peak-to-peak values of output noise should
be stated and their reference levels made clear. Also,
look for the noise performance at low input signal
levels, as well as the applicable range of center fre-
quencies, deviations, and modulation indices.
®= Nonlinearity refers to deviations from ideal fre-
quency-to-voltage conversion. It is measured by a best-
straight-line method and is specified in terms of =%
of full bandwidth output. Again, this spec must state the
applicable center frequencies and deviations.
= Harmonic distortion is a measure of discriminator
dynamic performance and depends to some extent on
amplitude and phase of the bandpass input filter. It
should be stated as the maximum rms value occurring
anywhere within the output data bandwidth and as a
percent of full bandwidth output. The modulation index
is required to complete this specification.
= Hysteresis is an important but seldom-mentioned
spec for the discriminator output. It normally shows up
when the discriminator output stays at one band edge
for a relatively long interval of time. Test for this con-
dition by switching to center frequency after the dis-
criminator dwells for one-minute at either band edge
under full load. Excessive hysteresis can cause poor
static linearity.
= Tape-speed-compensation specs should include the
error percentage, the appropriate data modulation in-
dex, and the minimum level of correction that can be
obtained. The ability to meet this specification is de-
termined by the accuracy with which the delay paths
and amplitude-characteristics of the data and reference
channel can be known and kept constant or matched.
® QOther features that are important and desirable
include the following:

—Availability of interchangeable pulse-averaging

and phase-locked-loop detectors.

—Adjustable output level for “zero signal”.

—Front-panel switchable deviation polarity.

—Built-in crystal calibrator for center frequency
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and band edge.

—Independent power supplies per channel.

—Functional block construction for rapid testing
and easy repair,

—Independent metering of subcarrier input and %
band edge deviation.

Band aids

Before taking advantage of what frequency-division
multiplexing has to offer, however, consider the band-
width availability and utilization. Start by determining
which piece of equipment in the total system has the
narrowest bandwidth. This could be the transmitter, tape
recorder, or some other element.

In a ground system which does not have a radio
link, for example, it may be desirable to set minimum
acceptable performance standards and use only enough
bandwidth to handle the necessary number of channels
with the required data accuracy. On the other hand,
if the system contains a radio link, the rf bandwidth
must be considered. It may be the limiting factor on
how many channels can be used or how wide the
deviation can be.

With a radio transmitter of fixed bandwidth, the
problem is how to use this bandwidth to its fullest
extent. This may be done by increasing channel spacing
for less crosstalk, by increasing the number of channels
in the multiplex, or by increasing the deviation ratios
for better data accuracy.

Since there are no perfect transmission systems, it
is necessary to set limits on the amount of data de-
gradation which can occur between the transducer
and the remote monitoring station. For most non-
critical applications, a 5% data error can be tolerated;
for severe applications, 2% or less may be the limit.

The problem of optimum bandwidth utilization is
intimately tied in with system accuracy requirements.
To ensure faithful reproduction of the input data signal
at the demodulator output, the relative amplitudes and
phases of the various spectral components must be pre-
served. In other words, all filters in the path of the fm
wave train must be wideband to preserve sideband
amplitude, and must have a linear phase property so
that sideband phase relationships are not altered.

In actual practice these requirements are always com-
promised to conserve bandwidth, and because the
components are not ideal. IRIG Document 106-66
recommends using a data bandwidth that is 10% of
the deviation bandwidth for nominal operation. This
means that the bandwidth of the total channel, from
end to end, should be capable of passing the first five
sidebands in a system where the modulation index, A,
is five. Several ways for accommodating more channels
of data in a given bandwidth are: reduce the guard band
spacing; reduce the required individual channel band-
width by reducing 3 or the subcarrier deviations;
eliminate some of the Bessel sidebands by reducing
channel filter bandwidths. Note however, that each of
these methods requires a tradeoff in system accuracy or
performance capability that must also be accounted for.

INFORMATION RETRIEVAL:
Transducers, instruments and measurements,
Data acquisition and processing,
Computers and peripherals
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Are you confused by
high di/dt SCR ratings?

High di/dt devices are being looked at as a solution to SCR failures.
But are SCR failures really from a high di/dt? Before you decide,
examine failure mechanisms and rating philosophy. Also, be aware of the

tradeoffs you must make for a higher di/dt.

By Dante E. Piccone, I. Steve Somos,
Custom Power Components Operation
Gzneral Electric Co., Collingdale, Pa.

Recently engineers have been flooded with di/dt rat-
ings for thyristors. These ratings have resulted in much
confusion. One reason is that the ratings are not all
based on a common and sound principle. Also, fail-
ures caused by other mechanisms are sometimes thought
to be di/dt failures. In addition, it is not made clear
that high di/dt ratings sacrifice other device parameters,
and that it is senseless to use di/dt ratings higher than
necessary when it means compromising other important
characteristics.

This article discusses problems associated with
high di/dt gate structures which are common today
in many versions.' **** All high di/dt gate structures
known to us use the “field initiated” (FI) principle.®
This principle achieves turn-on in two steps. First,
the gate initiates a turn-on at a point or small area.
Second the load current is used as a high energy gate
signal to turn-on a long line. Several structures employ-
ing this field initiated principle are shown in Figs. |
and 2.

Figure | shows four gate structures. In all four there
is a region, indicated in color, which has a controlled
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lateral resistance. The turn-on action for all four is
initiated at the small area near the gate; then in 0.1
to 0.2 ps, the line at the edge of the colored region
opposite the gate is turned-on and current flow at the
initially turned-on small area ceases. The voltage drop
which appears across the colored region in gate struc-
ture 4 can be fed to other gates via leads D.

This principle can also be used, as shown in Fig.
2,% to enhance the di/dt rating of a thyristor which is
fired by forward voltage breakover. In this version, the
firing is forced to occur either under or external to the
auxiliary region, marked A. Second triggering then oc-
curs along the circumference of the cathode contact,
giving you a high di/dt device. The cross-section of
this device, and how it operates is shown in Fig. 2b.

Failure modes

There are twa di/dt failure modes. One is caused
by a thermal fatigue mechanism (the failure occurs at
point A, Fig. 1). The second is a thermal runaway fail-
ure mode (the failure occurs at point B, Fig. 1). This
latter failure point can be anywhere along the second
turned-on line.

There is another failure mech which can easily be
confused with a di/dt failure of the thermal, runaway
mode. This failure is a short-time surge-current failure.
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Goate Cathode
Contact

Auxiliary
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D
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Auxiliary
Contact

Auxiliary
Contact

Fig. 1: Four possible gate structures are shown in this one
sketch. The region shown in color on each type has con-
trolled lateral resistance. Each configuration uses the field
initiated principle where a gate turns on at a point, permitting
the load current to start flowing. The load current then acts
as a high energy gate signal to turn-on the long line, giving
high di/dt devices.

Cathode
Contact

Auxiliary
Ring A

Auxiliary

Fig. 2a: The field initiated principle can be used for higher
di/dt rating of a thyristor fired by forward voltage breakover.
Looking at fig. 2b, a cross-section of the device, the first
microplasma due to forward breakover voltage is generated
at point O. The avalanche current l.. flows to the cathode
contacts along the indicated path. It flows through the top
junction J; and acts as a gate current. The thyristor is trig-
gered and a load current i, occurs. A part of the current
flows along path 2, bringing about a second triggering re-
sulting in load current i.. At the same time, current i, will
cease. Current iy, is a local current along the path indicated
by broken lines. It will become, however, a large area current
along the path indicated by the solid lines, flowing through
the whole circumference. Thus, the whole circumference of
the cathode contact is turned-on.
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It results in a failure at point C in the vicinity of the
second turned-on line, but within the cathode contact.

Thermal fatigue failure mode

As mentioned above, the second switching occurs
in a fraction of a microsecond. The initially turned-on
area sees energy during this time. This energy, which
can be very high, causes a temperature fluctuation.
Though the temperature excursion may not be high
enough to instantly destroy the device, it can lead to
thermal fatigue. Figure 3 shows a curve of temperature
excursion vs time-to-failure for silicon. This curve was
determined statistically and shows that if the tempera-
ture excursion is cut in half, the time to failure can
be increased 500 times.

Thermal runaway failure mode

Failure along the second turned-on line is caused by
a thermal runaway action which lasts about 60 sec-
onds.” This thermal runaway condition is due to the
interaction of two cell characteristics—the thermal
resistance of local conducting area to case, and the in-
crease of watts with temperature in the high current
density region (see Fig. 4). Figure 4 shows devices A
and B with different watts vs temperature characteristics.
Cell B, which can only stabilize at the lowest case tem-
perature, would stabilize at D in Fig. 4. (Note that
just a slight increase in case temperature can cause a
runaway condition.) Device A can stabilize at all three
case temperatures, as indicated by points C. The watts
which cause this runaway condition are average watts
at local conducting areas and not instantaneous watts.
Hence frequency can affect the thermal runaway con-
dition.

Short time surge current failure

The di/dt capability is greater for a single pulse
than repetitive pulses which raise the average tempera-
ture near the conducting area. A current pulse which
attains a high peak in a short time, in about 50 to 100
s, can cause a short time surge current failure. This
failure results from instantaneous heating rather than
from the slower temperature build-up which is charac-
teristic of thermal runaway. The failure here occurs at
a time when the current approaches the peak; it does
not occur in the 1 ps or below region as does di/dt
failure.

Test methods

As mentioned before, there are two kinds of di/dt
failure modes: thermal fatigue and thermal runaway.
Accordingly, two test approaches may be possible.

For low di/dt’s and for very mild snubber circuits
(such as 50 to 200 A/ps and 25 A peak snubber cur-
rent), the overwhelming failure mechanism is thermal
runaway. To guard against this type of failure, the
JEDECT test run for 60 seconds is satisfactory (this
test is normally run for only 5 seconds). For a realistic
test, the snubber circuit equal to that used in the ap-
plication must be included. The broken line in Fig. 5
shows the snubber current; the solid line shows the test
current wave occurring during such a test. Disregard the
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current scale. Accordingly, the magnitude of the di/dt
rating is established by the current I. This is the cur-
rent value at about 1 ps. The peak of the test current
is equal to 2 I. This current waveform of a few micro-
seconds length is too short in duration to cause
short time surge current failures and thus avoids this
possible confusion. It also avoids the use of too short
a current wave, less than a microsecond length, which
is inadequate for creating a realistic thermal runaway
condition.

For higher di/dt’s and more severe snubber duties,
the thermal fatigue failure mode will be more signifi-
cant.! At di/dt values in excess of 600 A/us, it will be
the predominant failure mode. In this case, the 60
second test time interval must be extended to a life
test which, according to present practice, is run for
1000 hours. However, 1000 hours in most cases is
much less than desired operational life. Hence, the ther-
mal fatigue stress during the 1000 hours life test should
be increased.

The degree of increase can be determined from Fig.
3. For example, if the desired operation life is 100,000
hours, then the stress must be increased according to
Fig. 3 by the ratio of 2 to 1.2. This increase of stress
must last for a minimum of 0.25 ps, which is greater
than the time-.required for second switching, To in-
crease the stress, increase the current level by the same
ratio for this short time interval.* This is an approxi-
mate method based on the assumption that temperature
excursions increase proportionally with current in-
crease. We arrived at this assumption by observing the
voltage and calculating the turn-on area (which is a
function of current density).

Enhancement of di/dt rating

Both failure mechanisms (thermal runaway and ther-
mal fatigue) can be handled adequately and it is our
opinion that a device for any di/dt rating can be design-
ed. To increase di/dt rating, current density during the
di/dt failure period must be controlled. This can be
done by controlling the initial speed of plasma spread
and the length of turn-on line for both the first and
second triggering.

Methods are available for both types of control. The
control of initial speed of spread is beyond the scope
of this article. The control of turn-on line length for
thermal runaway conditions is comparatively simple
and can be done by various configurations of the second
turn-on line. These configurations do result, however, in
loss of active area.

Figure 6 shows how the di/dt rating, based on ther-
mal runaway, varies with the length of second turned-on
line. Increasing this line also results in higher short

time surge current rating, since more arca will be con-

ducting when the peak of the current occurs.

Increasing the length of turn-on line at the first
triggering point is not simple. The length of this line
is a function of the gate drive. Although the P type gate
does not respond to this increase as much as you would
want, any increase in length increases life expectancy.

New gate firing mechanisms have been used to at-

*To increase the current, either alter the snubber circuit or add
another snubber circuit.
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Fig. 3: Curve shows temperature excursion vs time-to-failure
for silicon. If the temperature excursion is cut in half, the
time to failure can be increased 500 times.
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Fig. 4: Two devices, A & B, have different watts vs tempera-
ture characteristics. To prevent a thermal runaway condi-
tion, cell B would have to stabilize at point D. A light in-
crease in case temperature can cause thermal runaway.
Device A could stabilize at all three case temperatures
shown.
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Fig. 5: For a realistic test against thermal runaway, the
JEDEC 7 test should be run for 60 seconds. The snubber
circuit equal to the one used in the application must be
included in the test. Here the broken line is the snubber
current while the solid line shows the current wave occur-
ring during the test.
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Fig. 6: The di/dt rating, based on thermal runaway, varies
with the length of second turn-on line.

tain a longer turn-on line at the first triggering point
and one has been available for years (emitter gate).” $?

In device design, you need techniques to measure
length of turned-on lines. One is the infrared method. A
short current wave of about 5 us is used and the infra-
red radiation due to recombination is observed. During
this short time, no significant plasma spreading occurs
and it is justified to assume that the observed line is
really the initial turned-on line. Figure 7 shows two de-
vices with slight changes in parameters. Figure 7A
shows an optimized device. The entire circumference of
the second turned-on line is ignited (note the glow
along the circumference). Fig. 7B shows an unopti-
mized device with only portions of the second turned-on
line being ignited.

The test used for obtaining infrared pictures is a
repetitive test. The short current pulse is applied at a
repetition rate of 400 cycles per second. One question
which can be raised is whether the line which is viewed
is really a line rather than a series of points turning-on
alternately. It was proven satisfactorily that a line is
turning-on rather than points. The recovery current oc-
curring after the short current pulse is an indication of
the turned-on area. Lifetime of minority carriers in the
internal N region is a function of the current density.
Hence, if a larger area is turned-on, current density is
lower and recovery current increases as the length of the
turn-on line increases. If the observations were of a
series of alternate points, recovery current would have
remained constant.

Conclusions

In designing equipment, use a device with di/dt
ratings adequate for the application, since increased
di/dt rating results in smaller active area. A smaller
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Gate
A Device B

Fig. 7: Here are two devices with slight changes in parame-
ters. Fig. A is an optimized device, with the entire circum-
ference of the second turned-on line ignited. Fig. B, not
optimized, has only portions of the second turned-on line
ignited. These two devices were tested using infrared.

area means lower current ratings, lower surge rating,
and higher thermal resistance.

Also, be sure that the rating philosophy takes into
account all failure mechanisms and is adequate for the
expected operational life. You definitely should know
gating conditions during the test since they directly
affect thermal fatigue.

It has been our experience that extremely high di/dt
ratings are not required in most applications. It is
actually difficult, even under laboratory conditions, to
achieve 1000’s of A/ps. However, there are a few
applications where great pains are taken to minimize
inductance and in these applications high di/dt devices
are a must.

The FI principle, described earlier, has opened the
door to higher di/dt ratings, has resulted in the use of
lower gate drive, and has increased the reliability of
equipments since 1964.
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USED I1SODIODES.

WITH A LIFETIME GUARANTEE

We know our jon-implanted {sodiodes
meet their specs because every one is
tested for its individual operational
parameters. When we say you get 0.5
NSec rise time, 3 NSec reverse re-
covery and power dissipation of 600
mA, we guarantee it all by actual test. e

L T T
But tough as we are on our own prod-
ucts, they still show no signs of wear
and tear—used or unused. All Isofilm
products are hermetically sealed and
no diffused junctions exist. That's
another advantage———besides those
spectacular specs——of ion implanta-
tion. So we can offer you a lifetime
guarantee with every Isodiode.

|sofilm |nternational—products of ion
imp|antation—the fourth dimension in
-electronic design.

;I'he.w.orld’s quickest power diode coming and going —
: 1> billionth of a second rise time — available ;
off the shelf now for commercial applications

A product of ion-implantation :
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deineas

Vote for the one you like best.
Write the number of the Idea you like best in the box
on the Inquiry Card, and send to us.

Here’s how you voted

The winning Idea for August 1968 is, ‘‘For a square-
law transfer function, try this op amp connection.”
Robert P. Hennick, the au-
thor, is an Assistant Proj-
ect Manager in Tropo-
scatter Communications
Systems, at Bell Aerosys-
tems in Buffalo, N. Y. Mr.
Hennick chose the Simp-
son 270 multitester as his
prize.

Send us practical, reproducible ideas that are
original with you and have been implemented with
linear or digital ICs.
« |f we publish your idea you win a check for $25.00.
¢ |f our readers vote yours the best of the issue in
which it appears, you have your choice of a Simpson
270 or a Triplett 600 multitester.
o After 12 issues our readers will vote on the best
idea for all 12 issues. The winner gets his choice of
either a Hewlett-Packard 1206A or a Tektronix 310A
oscilloscope. ,
Submit your IC Ideas to:
Alberto Socolovsky
Editor
The ELECTRONIC ENGINEER
Chestnut & 56th Sts.
Philadelphia, Pa. 19139
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Dan Lubarsky, Moore Assoc. Div.
Rucker Co., San Carlos, Calif.

Load current flows into or out of voltage regulator

Supposc that in a system where T
only one regulated voltage is avail-

able, you must use an IC op amp
(such as the n.A702) that needs
two voltages. Simply adding an-
other regulator may not be the
complete answer, since current may
flow from or to this second source,
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Q5 E>=+6V,£50mA

depending upon the mode of oper-
ation.

The circuit shown here solves
such a problem. General Electric’s
PA237 audio 1c lets current flow
in either direction, while supply-
ing the second regulated voltage.
Resistor R; supplies the bias cur-
re