













































































































































































































































































































































































































































































that are too thin, cause short cir-
cuits. Until recently there has been
no convenient way of locating pin
holes without destroying the oxide,
which makes it difficult to work out
why they are there.

Now a Briton at the Royal Radar
Establishment has come up with a
simple method of producing a strik-
ing display of hole locations. What's
more, the approach doesn’t affect
the holes and can be repeated in-
definitely. But there’s one hitch. Al-
though IC makers in Britain say that
the method looks good, the only one
that set out to use it regularly—Fer-
ranti Ltd.—dropped it earlier this
month after a few weeks, despite ex-
cellent results. The snag: the tech-
nician must constantly handle a
liquid crystal that Ferranti’s chief
chemist has advised might cause
cancer.

Details. Basically, the technique
consists of putting a couple of drops
of a liquid crystal onto a slice, and
placing a thin glass sheet on the
drops so that they spread over the
wafer and support the glass. The
glass has a transparent layer of tin
oxide on its underface, which forms
one electrode. A voltage is applied
to the back of the wafer. Where the
thin oxide is not effective, as above
pin holes, the crystal becomes vis-
ible instead of transparent. The
crystal becomes turbulent—a pin
hole display looks rather like a mi-
croscope image of active bacteria—
and is very easy to see. If a pin hole
connects with surface metalization,
all the crystal above the shorted
metal becomes turbulent.

At low voltages only obvious de-
fects in the oxide produce a display.
As the voltage is turned up, the less
obviously defective areas, such as
those that are simply too thin, pro-
duce a display. Switching off the
voltage makes the crystal trans-
parent again, and the tests can be
repeated indefinitely. provided the
oxide breakdown voltage is not
grossly exceeded.

The problem. The trouble is that
the only generally available liquid
crystals that give a good display at
room temperature using suitable
voltages—3 to 4 volts and up—are
the MBBA negative nematic types.
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Store house. Analog memory device can
also act as multiplier of signals.

which contain benzylidene com-
pounds. There are grounds for
thinking these compounds can stim-
ulate cancer., and nobody has
proved they don’t.

John Keen, the RRE inventor of
the technique, works in a fume-free
area, wears surgical gloves, and
takes care over disposing of the sol-
vents he uses for cleaning crystal off
the slice. However, Ferranti’s chem-
ist recommended stricter precau-
tions, which 1C development engi-
neer Alan Worrell says take up too
much time, and he has stopped rou-
tine use of the method until a
known safe crystal is available.
Worrell will certainly use it for rou-
tine quality control if a trustworthy
crystal does come along, because it’s
so simple and so effective. “A test
takes only a couple of minutes to set
up” he says.

Drops. Keen, who described the
technique at the International Solid
State Circuits Conference, says the
size of the display over a pin hole is
in proportion to the thickness of the
crystal layer and is only slightly af-
fected by the size of the hole. Two
drops of crystal on a 2-inch slice
produce a layer about 10 microns
thick. which is about optimum. He
reckons a 10 cubic centimeter bottle
of MBBA crystal will provide about
280 slice displays.

In England the cheapest suitable
crystal is Vari-Light VL-1047 at the
equivalent of $32.60 for 10 cm?, or
about 11.5 cents per slice. However
VL-1047 is not a full MBBA crystal
and strips off positive resists, though
it is all right with negative resists.
Full MBBA crystals, which don’t
harm positive resists, are the equiva-
lent of about $50 for 10 cm?.

Japan

Analog memory provides
nondestructive readout

Even though the demand for analog
computers as such is not great,
equipment with analog-type com-
puting circuits continues to prolife-
rate. So there should be a good mar-
ket for a nondestructive readout
analog memory under development
at the Analog Information Research
Section of Japan’s Electrotechnical
Laboratory. The memory can also
function as a variable coefficient de-
vice that can multiply a second in-
put by the stored value.

The new memory makes use of
several physical properties that oc-
cur simultaneously in single-crystal
slabs of triglycerine sulphate, a fer-
roelectric material. Characteristics
of TGS make it very suitable for use
in memory applications. It is spon-
taneously polarized by an applied
field, and the hysteresis character-
istics of its polarization have a
square shape.

Locked in. This characteristic is
the most important for writing in in-
formation, because when the pola-
rizing field is removed the polariza-
tion remains at the same level as
before the field was removed. How-
ever, polarization is essentially a
charge locked in the material, and it
is not available for direct readout.

The piezoelectric characteristics
of TGS offer the method of non-
destructively reading out the stored
information. For example, consider
a device consisting of slab of TGS
with two sets of electrodes, each set
consisting of an identical electrode
on opposite sides of the slab.

The material under each set of
electrodes must be polarized by a
voltage applied to the electrode pair
to obtain piezoelectric character-
istics. Then a voltage applied to one
set of electrodes will set up a vibra-
tion in the slab, and the vibration
will generate a voltage at the second
set.

The voltage at the second set of
electrodes is proportional to the
polarization at the second set multi-
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plied by the polarization at the first
set multiplied by the voltage ap-
plied to the first set. Thus, polariza-
tion at the second set can be read
out, if the polarization of the first set
and the voltage applied to it are
standardized.

Saturation. For the actual oper-
ation as an analog memory, the ma-
terial under the first set of electrodes
is polarized to saturation value for
maximum readout voltage. Excita-
tion is provided by connecting an IC
comparator circuit to the first set of
electrodes, leading to self-excited os-
cillations as in a crystal oscillator.
Oscillation occurs at the self-reso-
nant frequency of the slab, which is
optimum for high output voltage.
Oscillation waveform, and thus volt-
age applied to the first set of elect-
rodes, is a square wave because of
characteristics of the IC. Because the
exciting waveform is a unidirec-
tional voltage varying between a
value close to 0 and a value close to
the power supply voltage, polariza-
tion is not changed by the driving
voltage.

When the device is used as a
memory circuit, the voltage applied
to the oscillator circuit is set at
precisely 10 volts. As for other
analog memory or hold circuits, a
feedback arrangement is used to
compare and set the stored voltage
equal to the analog input voltage.

Multiplier. When the analog de-
vice is used as a variable coefficient
circuit, operation is initially similar,
except that the stored voltage corre-
sponds to the variable coefficient.
Then the analog input to be multi-
plied by the adjustable coefficient is
connected to the oscillator circuit in
place of the precise 10-v supply
used for standardization. In this
mode the output voltage is the prod-
uct of the stored adjustable co-
efficient multiplied by the analog in-
put voltage, which can vary between
0.4 and 10 v.

For the voltage range over which
the memory device and its associ-
ated circuits provide variable
coefficient operation, linearity is
within about 3%. The nonlinearity
appears to be closely related to the
variation in the stored value with
time. At present, the stored value

appears to fall about 3% during the
first 30 minutes, after which its
value stabilizes.

Programable MAS ROM
comes to market

A versatile programable read-only
memory developed by Nippon Elec-
tric Co. packs long-term non-volatil-
ity, on-chip address decoding, ex-
tremely high speed. transistor-
transistor logic compatability, and
high yield into one product. Initially
it will be available in a 256-bit ver-
sion, the ppc451D, with a 1,024-bit
version scheduled to become avail-
able this summer and even larger
versions later on.

Memory transistors and all other
active elements on the memory chip
use the metal alumina semicon-
ductor, n-channel, enhancement-
type field effect transistor structure
developed two years ago by Nippon
Electric [Electronics, Feb. 16, 1970,
p. 71]. This includes the decoder
transistors, load transistors, and se-
lector transistors.

Inclusion of on-chip decoding has
greatly increased memory density
by decreasing the amount of periph-
eral connections required. Nippon
Electric can fit a 256-bit memory on
a 2-by-2-mm chip, compared to the
3-by-3-mm chip used earlier.

Structure. All field effect transis-
tors have a 150 angstrom, thermally
grown silicon dioxide layer with
overlying 1300 angstrom alumina
layer as gate insulator under alumi-
num gates. This structure gives a
stable initial threshold voltage, rigid
critical voltage, and high channel
mobility. In addition, reliability is
improved by using heavy boron dif-
fusions as channel stoppers between
adjacent transistors to suppress
leakage current, which would other-
wise be caused by the high positive
voltage applied to the gate electrode
during the write operation.

MAS memory chips of this type
can be erased with either ultraviolet
light or X rays, and a paper at the
International Solid State Circuits
Conference describes a method of
electrically erasing the memory with

a large negative voltage. But the
memory will not initially be speci-
fied in the catalog for reprogram-
ing—its package prevents use of ul-
traviolet rays after assembly, and X
rays are considered too dangerous.
Electrical erasing will not be speci-
fied because of the possibility that
voltage spikes during erasing may
destroy the memory devices.

Lines. A 256-bit memory has
eight X lines, four Y lines, and eight
Z lines. For proper circuit operation,
transistors are designed so that the
mutual conductance of the memory
transistors, load transistors, selector
transistors, and decoding transistors
is in the ratio of 6:1:18:24.

The load transistors get their
name because of the resemblance of
the circuit configuration to the load
transistors often used in MOS gate
circuits. Load transistors provide a
high-resistance return path for the
memory transistor drains to the read
line during write. The selector tran-
sistors provide a path for readout
current during read and block sneak
currents during write. When pro-
vided with a separate terminal, they
provide a method of selecting out-
put from one chip among many.

To program a selected bit, 25
volts is applied to the read line and
a selected Y terminal, while 60 V is
applied to a selected Z terminal.
The terminals are connected to +25
v, with voltage of the selected X ter-
minal lowered to 0 V. if the selected
bit is to have a 0 written in. The 25-,
60-, and 0-v pulses should occur si-
multaneously and be 10 milli-
seconds or longer for reliable pro-
graming while the writing voltages
are applied.

Readout. To read contents of
memory, TTL high output level—
about 4.5 v—is applied to the selec-
tion terminal and to the selected Z,
Y. and X terminals. Output current
flows into the X terminal through
decoding transistor, memory transis-
tor, selection transistor, and a re-
sistor connected between read ter-
minal and ground. A sense
amplifier boosts output across the
resistor to drive subsequent gates.
This configuration gives a one-bit-
at-a-time output for each of 256
words.

Electronics/February 28, 1972

Y

L



Advertising Sales Staff

Pierre J. Braudé [212] 971-3485
Advertising Sales Manager

Atlanta, Ga. 30309: Joseph Lane
100 Colony Square, 1175 Peachtree St., N.E
[404] 892-2868

Boston, Mass. 02116: James R. Pierce
607 Boylston St. [617] 262-1160

Chicago, Ill. 60611: Robert W. Bartlett
Kenneth E. Nicklas, 645 North Michigan
Avenue, [312] MO 4-5800

Cleveland, Ohio 44113: William J. Boyle
[716] 586-5040

Dallas, Texas 75201: Richard P. Poole
1340 Republic National Bank Building
[214] RI 7-9721

Denver, Colo. 80202: Harry B. Doyle, Jr
Tower Bldg., 1700 Broadway
[303] 266-3863

Detroit, Michigan 48226: Robert W. Bartlett
2600 Penobscot Building
[313] 962-1793

Houston, Texas 77002: Richard P. Poole
2270 Humble Bldg. [713] CA 4-8381

Los Angeles, Calif. 90017: Robert J. Rielly
Bradley K. Jones, 1125 W. 6th St.,
[213] HU 2-5450

Minneapolis, Minn. 55402: Kenneth E. Nicklas
1104 Northstar Center [612] 332-7425

New York, N.Y. 10036

330 W. 42nd St

Warren H. Gardner [212]971-3617
Michael J. Stoller [212] 971-3616

Philadelphia, Pa. 19103: Warren H. Gardner
6 Penn Center Plaza,
[212] 971-3617

Pittsburgh, Pa. 15222: Warren H. Gardner
4 Gateway Center, [212-971-3617

Rochester, N.Y. 14534: William J. Boyle
9 Greylock Ridge, Pittsford, N.Y
[716] 586-5040

St. Louis, Mo. 63105: Kenneth E. Nicklas
The Clayton Tower, 7751 Carondelet Ave.
[341] PA5-7285

San Francisco, Calif. 94111: Don Farris
Robert J. Rielly, 425 Battery Street,
[415] 362-4600

Paris: Alain Offergeld
17 Rue-Georges Bizet, 75 Paris 16, France
Tel: 720-73-01

Geneva: Alain Offergeld
1 rue du Temple, Geneva, Switzerland
Tel: 32-35-63

United Kingdom: Keith Mantle
Tel: 01-493-1451, 34 Dover Street, London W1

Milan: Robert Saidel, Roberto Laureri
1 via Baracchini Phone 86-90-656

Brussels: Alain Offergeld
22 Chaussee de Wavre
Brussels 1040, Belgium
Tel: 13-65-03

Stockholm: Brian Bowes
Office 17, Kontor-Center AB, Hagagarten 29,
113 47 Stockholm. Tel: 24 72 00

Frankfurt/Main: Fritz Krusebecker
Liebigstrasse 27¢
Phone 72 01 81

Tokyo: Masaru Wakeshima, McGraw-Hill
Publications Overseas Corporation,
Kasumigaseki Building 2-5, 3-chome,
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan
[5681]9811

Osaka: Ryji Kobayashi, McGraw-Hill
Publications Overseas Corporation, Kondo
Bldg., 163, Umegae-cho Kita-ku [362] 8771

Australasia: Warren E. Ball, IPO Box 5106,
Tokyo, Japan
Business Department

Stephen R. Weiss, Manager
[212] 971-2044

Thomas M. Egan,
Production Manager [212] 971-3140

Carol Gallagher
Assistant Production Manager [212] 971-2045

Dorothy Carter, Contracts and Billings
[212] 971-2908

Frances Vallone, Reader Service Manager
[212] 971-6057
Electronics Buyers’ Guide

George F. Werner, Associate Publisher
[212] 971-3139

Regina Hera, Directory Manager
[212] 971-2544

Electronics/February 28, 1972

The most compact Solderless Connector

present
. crimp

... and a NEW Lower Installed Cost

New, miniature connector gives you 75 to 909, time saving over
present compression technique. Its high reliability factor re-
sults from the no-heat requirement as well as complete visibil-
ity for inspection of the one-piece connection before, during
and after termination.

Only three sizes are needed to handle the range of shielded
cables from .055 tq .205 over braid dia.

The installing tool features the exclusive Shure-Stake® me-
chanism which assures that the proper, preset compression will
be reached before the tool will release the connector. The
Thomas & Betts Company, Elizabeth, New Jersey 07207.

In Canada, Thomas & Betts Ltd., P.Q.

New Shield-Kon® Wrap Around Connector Features

B miniature size, light weight, one piece construction

B lower installed costs

® higher reliability, meets or exceeds the applicable performance
requirements of MIL-F-21608.

B mid-span termination capabilities

I:B | THOMAS & BETTS

ENGINEERED

Sold Coast-to-Coast
Through Authorized
T&B Distributors

Division of Thomas & Betts Corporation 486
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DC
RANGES

COMPLETE AUTORANGING
ANALOG OUTR

1,V RESOLUZION

... for Dana’s 5300 . . . A five digit, premium quality, high per-
formance DVM .. . Take a look . .. You get a standard instrument
featuring 5-DC Ranges (.1-1000V) with 1,V resolution; .005% DC
accuracy, complete auto-ranging; 74 dB noise rejection at 60Hz;
analog output; and 10,000 megohm input resistance. But that’s
not all . . . by using field expandable plug-in options you can extend
the capability of the 5300. Add 6 ranges of 4-terminal ohms with
1mQ resolution; 4 ranges of AC (1-1000V) with 10,,V resolution
over a broad band from 30 Hz to 250 kHz; 5 ranges of bipolar
4-wire DC/DC ratio; isolated remote programming and BCD out-
put; 100 readings per second (fully programmable) . . . There is
much more to the 5300 than we can possibly tell you here . . . so
let us show you.

You have the budget and the decision, Dana has the Digital

Voltmeters.
2401 Campus Drive, Irvine

| ﬂWn ﬂ
D 1 , California 92664 (714) 833-1234

DIGITAL VOLTMETERS When Test and Measurement Count

Dana Laboratories, Inc.
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" *ﬁ A CAMBION® Double “QQ” Product Line

When your design calls for handles, standoffs, solder termi-
nals, spacers, insulated terminals, battery holders, and basic
hardware, it's nice to know there’s a source that believes in
quality - CAMBION. And it’s also nice to know that you can get
CAMBION quality in quantity. That's the CAMBION Double “Q”
approach.

CAMBION puts the extra finish on handles, precise plating on
significant surfaces of terminals, and long-life in plugs and

jacks for almost infinite cycling. The quality stands up as the
quantity goes on. All CAMBION hardware items are available

“off-the-shelf.” <
Try the CAMBION Double “Q” approach. Tell us of your needs
and we'll supply a jumbo catalog, No. 747, full of answers. "

Cambridge Thermionic Corporation, 445 Concord Avenue,
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Bivd.

There's plenty more where
these come from. '

o | b . ’~
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the guaranteed electronic components
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current. 6A @ 125
VAC. Snap-action
with fast make and

| break contacts.

SPDT, DPDT &
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either Norm. Open
or Norm. Closed
switch. Silver con-
tacts & terminals.

ALCOSWNITCH®T  or MOMENTARY

DIV. OF ALCO ELECTRONIC PRODUCTS, INC., LAWRENCE, MASS.

Duncan Electronics
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mbmes infinite resolution with long
cost. The series 200 de:
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to design your own!

DUNCAN ELECTRONICS

SUBasIDIARY

| Send for complete listing.
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ALCOSWNITCH® —

2865 FAIRVIEW ROAD [ COSTA MESA, CALIFORNIA 92626 DIV. OF ALCO ELECTRONIC PRODUCTS, INC. NORTH ANDOVER, MASS. 01845
PHONE: (714) 545-8261 () TWX 910-595-1128
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