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The mystery of Stonehenge.

Even the world’s most famous
special-purpose computer
soon outlived its usefulness.

There’s a lesson in there
somewhere.

The Varian Data 620/i. 18 months old. Over 450 delivered.
And no mystery at all.

More than 3,000 years ago, Stonehenge did a crude but incredible job too. Because the general purpose 620/i has
incredible job of computing a variety of things. a bigger instruction set than any other computer in its
Today, the system-oriented Varian Data 620/i does an  class. 1.8 usec. cycle time. 16/18 bit words. 4-32K memory.
Easy interfacing capability. Multi-level priority interrupts.
Field-proven software. 102 inches of rack space.

The Varian Data 620/i is a very timely computer. And it
costs $13,900 with 4K 16-bit memory and ASR 33 TT. Less
than any other computer in its class. Write-for your
brochure today. You'll get more than the time of day.

varian data machines

a varian subsidiary
2722 Michelson Drive/Irvine/California 92664
(714) 833-2400

SALES OFFICES: U.S., Santa Monica and San Francisco, California; Vernon and Westport, Connecticut; Chicago, lilinois; Houstbn, Texas: Fort Washington, Pennsylvania; Washington, D.C ;
Waltham, Massachusetts; Fort Lauderdale, Florida. INTERNATIONAL: Australia, Belgium, Canada, France, Germany, India, ltaly, South Africa, Sweden, Switzerland, United Kingdom and Ireland.
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Drum memories add power
to power systems.

Many sophisticated computer systems are
using Vermont Research drum memories to
provide large capacity, fast operation and
years of dependable, trouble-free service. For
example, VRC’s model 1032 is being used
with a Sigma 2 computer in a new line of
digital process controllers for power genera-
tion and industrial work. The computer has
access to more than 4 million bytes of data,
and can reach any portion of that within 8.7
milliseconds, on the average. The data moves
between drum and computer at a speed of two
million bits per second.

The result is a system of large and varied

...S0 IS

capabilities, able to operate for long periods
with the dependability needed by large and
vital industrial applications.

The 1032 drum may be used as easily by
other computers, large or small. Complete
with a self-enclosed interface package, it fits
simple or complex systems. Applications
range from simple stand-by memory for dis-
play systems, to multi-computer, time-shared
memory and data exchange.

You’ll find details about the 1032 and other
Vermont Research Drum Memories in the Bro-
chure DB-6809. Send for a copy today . . . it
may help you add power to your next system.

Computers are known by their MEMORIES

Vermont Research

C ORPORATION

DRUM MEMORIES * SYSTEMS * DISK PACKS

20a Precision Park * North Springfield, Vermont 05150 ¢ Tel. 802/886-2256 « TWX 710 363-6533

When it comes to engineering opportunities (and the good life, North Country style), the place to come is Vermont

Research Corporation. For speci

‘ific information, contact: RICHARD A. STOVER, Vice President-Engineering.
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assembly

3k ""Wire-Wrap” s the registered
trademark of the Gardner-Denver
Company, Grand Haven, Michigan,
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From Control Logic . . . to help you utilize
the benefits of automatic wire-wrap assembly in
the electronic systems you want! Benefits like re-
ducing wiring errors by a factor of 100:1. Simpli-
fying (even eliminating) expensive direct wire test-
ing. Making reliable, fast, numerous (600 to 1200
per hour) gas-tight electrical connections with a
failure rate that is less than 1 in 100,000 connec-
tions. Eliminating confusing, unfathomable wire
build-up rat's nests with every wire in a known
position . . . and a 50%, reduction in wiring costs!

Control Logic help begins with a complete Series
C family of automatic assembly products to satisfy
all aspects of systems construction: a complete
choice of DTL and TTL circuit cards with speeds of
DC through 30 MC; complete packaging products
from breadboarding to full system design, includ-
ing connector baseplates and card cage housings
designed for optimum utilization of automatic wire-
wrap processes — 7 package assemblies for auto-
mated design for up to 120 card systems!

Control Logic offers complete services in design
and specification of the system you want. Control
Logic can generate a wiring list from your logic
network diagrams. Can help you construct proto-
types utilizing standard Series C components with
any type of connection terminal. Can help you con-
vert to automatic wire-wrap processes at any phase
in a program.

Control Logic, to complete the picture, offers pro-
duction of the wire-wrap systems you want . . . in
part or complete: systems tested, checked-out and
ready to serve your function. Yes, even if you have

a small volume, low budget job . . . or you don’t
want to invest in automatic wire-wrap equipment,
now . . . Control Logic can help you achieve auto-

matic assembled systems! Call or write for BRO-
CHURE 12 on SERIES AW products and services,
today!

@ONTHOL LOGIC. INC.

3 Strathmore Road, Natick, Massachusetts 01760
Tel: (617) 235-1865 or (617) 235-1170
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Fairchildtold 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

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.
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We're glad someone
waslistening.

* »
L o »

GO0 00 686

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.

C—————
FAIRCHILD
= Ao ]
SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 m TWX: 910-379-6435
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Logical Tester

Got a bottleneck testing digital logic mod-
ules? Are delivery dates slipping and circuit
tests costing more? Here's the logical so-
lution.

Hewlett-Packard has developed the 2060A
Logic Module Tester. It quickly and effici-
ently tests digital modules, simple or com-
plex, in a matter of seconds instead of
hours. From 16 to 256 pins per module can
be handled — at 10,000 tests/second/pin.
That's two and a half million tests per sec-
ond, which figures out to less than a dollar
per module. And it tests all logic types:
DTL, TTL, CTL, RTL— even different types
mixed in a single module.

The key to this system is simplicity. It com-
pares modules against a reference module

HEWLETT

known to be good and gives you a printout
of nonmatching areas, right down to the
specific test and pin numbers that failed.
Test technicians learn to program the

2060A quickly and easily with a new, test--

oriented language. No special knowledge
is needed to run the system, so production
people are expert operators within minutes.
At $80,000 this system makes economic
sense. Fast, 100% testing is definitely bet-
ter business than slow, partial checking by
manual methods.

Call your local HP field engineer for details.
Or write Hewlett-Packard, Palo Alto, Cali-
fornia 94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

PACKARD
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The case for
our micromemory.

There 1S NONE. tainability is enhanced by this config-
 Most memories available uration even though you'll probably
" today come in nice pack- neverhavetotake advantage of it. The
ages.Totally-enclosed, well-protected, same advanced 3D drive technique
and looking like they still belong to the  that gives you the lower price because

original manufacturer. of a lower component count also
We've got one that doesn’t look yields a correspondingly higher MTBF.
like it belongs to anyone. Our new- The MICROMEMORY 1000 will fit al-

est system for industrial/commercial mostanyplace inyoursystem.lts open
applications, the MICROMEMORY 1000, construction leaves access unham-
provides up to 32K bits of storage with  pered, while its low power dissipation
a cycle time of 2.5 usec for less than eliminates the need for additional cool-
7 cents/bit. And it's just as economi- ing.Mount it upside down or sideways,
cal with space (400 cubic inches)and show it off or hide it. It looks like it be-
power (35 watts maximum). longs in your system because it does.

But it has no case. The system Price and delivery, true random
consists of a stack and five cards accessandease of electrical interface
of electronics that plug into an un- all strengthen the case for the MICRO-
enclosed mother board, with a single  MEMORY 1000. Write us for the full story.

connector providi ' . .
providing the 1/0 interface  EZff] electronic memories
for integration into your system. Main- 12621 chadron Ave., Hawtnorme, California 90250 (213) 772-5201
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automation

The SPC-12 is a new automation computer
designed for economical use in dedicated auto-
mation and control functions.

The SPC-12 is powerful —with six program-
mable 12-bit registers, a 2-microsecond (4K
to 16K) memory of 8-bit bytes, and a unique
memory saving ‘‘shared command” concept.
Fully 1C'd for reliable ‘round-the-clock’ oper-
ation. $6400, including a teletypewriter
interface, control panel, and real time clock,
console lock, optional power failure restart,
and optional direct memory transfer.

the new
computer

That's just half the story. Most computers
require expensive engineering and black
boxes to work in a control system. Not the
SPC-12. It comes with economical functional
modules which adapt the SPC-12 easily to
instrumentation, computer peripherals, key-
boards and displays, sensors and com-
munication networks. With these functional
modules and its power, the SPC-12 achieves a
new cost/performance ratio and makes
computer control practical in your system
today. Programming aids and application soft-
ware of course. Call or write for more
information about the SPC-12 —the new
automation computer.

GENERAL AUTOMATION, INC.

Automation Products Division

706 West Katella, Orange, Calif. (714) 633-1091
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We know somebody with connections.

So we told
them about
wire insulation
made of Kynar:

That was 1ive

Burroughs Corporation’s computer plant in
Pasadena runs 200,000 feet of wire a week,

makes 120 terminations per minute. With that
| many connections, at that speed, the right
kind of insulation is important—insulation
that's not only tough, but absolutely reliable.
That's why Burroughs has used wire insulated
with Kynar for back planes since 1963.

Why Kynar? A Burroughs engineer answers:
“It works better than many others we've tried
... so why argue with success?"’ Kynar works
for some good solid reasons. It has twice the
cut-through resistance of other common flu-
oroplastics and virtually eliminates cold-flow
problems. Kynar runs economically in auto-
matic wire-wrap equipment...it feeds, cuts,
and strips smoothly. It's unaffected by clean-
ing solvents, and it won't degrade with age.

Tough arguments? You bet. Tough material
... that's Kynar. So take a tip from experience.
Switch to wire insulated with Kynar. It's avail-
able from leading wire manufacturers. For
additional information contact: Plastics De-
partment, Pennsalt Chemicals Corporation,
3 Penn Center, Philadelphia, Pa. 19102.

Kynar... the fluereplastie that’s tougl! <pEHNs;\|_'|'>o
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And we can prove it. With our
new, lower prices, you don’t
have to sacrifice quality for
price any longer. Phone or
write. ..

i

7 | DATA
(] TECHNOLOGY
Y CORPORATION

1050 East Meadow Circle
Palo Alto, California 94303
Tel: (415) 321-0551 !




ED E Peripheral quiz

for computer manufacturers

How many bits of
head-per-track

fast access disc memory
in this sleek, compact
matched companion

for your computer?

] 50 Million

] 25 Million
O 756 Million 1 100 Mzillion
] 125 Million 1150 Million

175 Million

[ 200 Million

40" high, 24” deep to
mount in your 19” rack.
Decorator Colors to match
your computer.

. Dick Baker, V.P. Marketing, for more

All 8 answers are correct:

Reason? The new CPC model DSU-8100 is

a truly modular fast access disc memory system.
It’s designed for today’s sophisticated computers.
Ideal for real time response, program swapping,
and message switching.

Four Sealed Disc Modules to Choose F'rom
r

1 Fast access modules with
individual heads for each
N track can locate data in
}4 16.7 ms average.

¥ Available with 25 million
or 50 million bits. In the
two economy modules

. each head services 4 data
tracks with positioning

time of onlyw25 ms.

One Drive Serves Up to Four M odules

Because from one to four
CPC memory modules
are served by the single
drive, 25 million to

200 million bits of ultra-
reliable disc memory fit
comfortably in the
compact chassis designed
for slide-mounting in
your 19-inch console. Field expandable to
billions of bits.

Fail Safe Protection

No head avalanche possible here. Modules are
ultrasonically cleaned, clean-room inspected, then
sealed. The flying heads never touch the
recording surface and automatically retract

if motor speed, internal voltages, or air

pressure vary. Tamper-proof lockouts protect
your data too.

Small Size...Low Cost

A unique recording system with higher packmg
densities plus T°L integrated circuit logic
means small size, light weight, and low power.
Standard “off the shelf” modules reduce
inventory and make it possible for computer
manufacturers to quickly supply the right
amount of memory for every job.

A full system with logic level interface sells at
less than 1/10th of a penny per bit. Contact

information.

E@E eamputen peripherals eanp.

5037 Ruffner St., San Diego, Calif. 92111, (714) 279-7500
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Mag tape too expensive?

~ Punched tape too slow?

Your small computer deserves PEC data power!

High Speed —Low Price

Seems a shame to shackle that fast
new computer of yours with slow,
maintenance-prone punched tape.
Yet digital magnetic tape recorders
are so expensive.

Not now, they aren’t.

PEC can give your small computer
real write/read data power. 10 KHz
data transfer rates for under $3,000.
20 KHz transfer rates from $5,000.
(Less than $4,000 in quantities).

Discriminating computer users are
demanding higher input/output per-
formance on even the smallest
machines.

That's why more and more major
computer manufacturers are offer-
ing PEC digital magnetic tape re-
corders as standard equipment.

Insist on low cost-high performance
PEC data power for your computer.

Compare With Punched Tape

You can store ten characters on an
inch of punched tape. You can store
up to 800 characters on an inch of
magnetic tape. That's 80 times more
data per inch!

What about data transfer rates? A
paper tape perforator plods along at

- 150 characters a second. Pretty slow

for today’s fast computers.

PEC digital magnetic tape recorders
zip data in and out at speeds to 25
ips. Data transfer rates up to 20 KHz.
That’s 133 times faster than punched
tape.

PEC data power costs just a little
more than punched tape. Yet look
atthetremendousincrease in storage
capacity and data transfer rates you
get.

PEC

12

PERIPHERAL EQUIPMENT CORPORATION

9551 Irondale Avenue ® Chatsworth, California 91311 m (213) 882-0030 m TWX (910) 494-2093
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Compare With Other
Mag Tape Models

PEC digital magnetic tape recorders
use an elegantly simple single cap-
stan velocity servo system. Pinch
roller, a major source of skew and
tape wear, is eliminated.

PEC recorders cost half as much as
competitive makes, yet perform even
better.

IBM compatible? You bet. Including
the precise requirements for System/
360, 9 channel, 800 bpi operation.

Choose the speed you want from 4 to
25 ips, at 800, 556, or 200 bpi. 7
track dual density available too. And
up to 4 PEC recorders can operate
from a single computer.

Select the data capacity, transfer
rate, rack height and price from 3
distinct models.

Three Reel Sizes
Max. Tape
Reel Size  Transfer Rates  capacity
7 inch 10 KHz 600 feet
82 inch 20 KHz 1200 feet
10% inch 20 KHz 2400 feet

PEC also makes synchronous write-
only and read-only recorders. A com-
plete line of incremental models too.
Perfect for data acquisition systems,
off-line plotters, line printers, and
data terminals. Perfect for just aboUt
any input or output requirement, for
that matter.

Write or phone today for our 8 page
brochure.

COMPUTER DESIGN/JANUARY 1969



DIGI-PROBE *

New Test Probe Replaces Expensive Oscilloscopes
For Simple Production Tests on Digital Circuits

This little test probe is a real money saver on the production line.
Performs most checks on digital circuits now being done with costly
oscilloscopes. Simple-to-interpret red/green indicator lights determine
presence and polarity of pulses as fast as 25 ns. Speeds testing and
debugging. Reduces skill level of testers. Send for our brochure

describing how the Digi-Probe works to save you time and money.

*Trademark, Pat. Pend. Available frﬂm stock $89.
‘ CIRCLE NO. 13 ON INQUIRY CARD

PULSE
MONITORS, INC.

351 New Albany Road
Moorestown, N.J. 08057
(609) 234-0556

A SUBSIDIARY OF
TELEPRODUCTS, INC.
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A new Ampex
computer tape drive
for $3500F Wow!

The new Ampex TM-Z is a complete computer-class tape memory sys-
tem (including read/write electronics) that best fulfills the need for a
low-cost, high performance, low speed unit for your computer, data
terminal or data acquisition system. Completely computer-compatible,
it conforms to all requirements of IBM and ASCI| 7- and 9-track formats.

Simplicity of design results in the utmost in reliability and easy main-
tenance. This completely new, ready-to-plug-in tape memory system
features the same precision as the higher speed Ampex TM-7 and
TM-16 tape memories.

PERFORMANCE CHARACTERISTICS

Tape Speeds:
Standard speed is 24 inches per second,
Read/Write (19.2 kHz transfer rate at
800 cpi). Any single tape speed between
10 and 24 ips can be obtained by utilizing
a continuously variable adjustment.

Tape Width and Thickness:

Ye-inch width, 1.5 mil by 2400 feet (732
meters)

Recording Density:

Standard: 556 and 800 cpi. Optional den-
sities available.

Recording Formats:
Standard: 9-track ASCII 0.6 inch IRIG
(IBM 360, 2400 Series compatible).
Optional: 7-track, NRZ 0.75 inch IRIG
(IBM 7330, 729 Series compatible).

Start/ Stop:
Tolerances permit bilateral interchange

of tapes with equipment compatible with
IBM and ASCII 9-track standards.

Input Voltage and Frequency:
Voltage: 100-250 volts RMS with trans-
former taps.
Frequency: 48 to 63 Hz.
Consumption: Average, 400 watts. Peak,
500 watts.

Interface Characteristics, Data
and Control Lines:

True: Logic “1” = 0.2 (—0.2 4 0.2 volts)

False: Logic “0"” = + 3.3 (— 0.9 4+ 1.7
volts)

Logic: TTL units employed

Dimensions:

Complete tape memory system, including
self-contained data electronics, can be
mounted in a standard 19” or 24” rack.

Height: 24”
Width: 19”7 or 24”
Depth: 17" overall (14%2" rack depth)

Weight:
100 Ibs. maximum

Functional Modes (selective):
1. Write Forward, Read Forward
2. Read Only Forward
3. Read Only Reverse

Options:

Vertical Parity Check
Vertical Parity Generate
Write Echo Check
Longitudinal Parity Check
Longitudinal Parity Generate

gRwWdE=

Fdr complete technical

information on the TM-Z, write:
Ampex Corporation, 401 Broadway,
Redwood City, California 94063.

AMPEX

CIRCLE NO. 14 ON INQUIRY CARD
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InStnt SWitCh ..Just ;;Iug in and start switching

...We don't give you a handful of parts to strap together! Trompeter Matrices and Switches come
to you as a completely assembled system that has been carefully tested to meet your specifica-
tions. Available in twinax or coax configurations, they are pre-programmable, electrically activated
systems configured as cross point matrices (crossbar), featuring low cross talk, high isolation,
hermetically sealed contacts, fast activation time, excellent high frequency and pulse responses
and excellent electro-magnetic shielding. As video data and switching matrices, systems are
available in either X,Y plane, or X,Y,Z and multi-level formats with isolation up to 110db at 60MHz.

Switches are available in multi-pole, multi-throw formats up to 20 poles, 20 throws in both coax
and twinax.

Now, if you still want to use the modular approach...Okay! We have a building block matrix
system also available that helps to eliminate a lot of the usual fuss and high cost of assembling

such a system. And incidentally, we'll even take on the system’s responsibility!. .. Ask for our new
catalogue M-5.

TROMPETER ELECTRONICS, INC.

8936 Comanche Avenue.O Chatsworth, California 91311 O Telephone (213) 882-1020
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MAC is a good deal of computer.

1-pusec memory cycle time. 16-bit
parellel word, 2-usec add time.

72 instructions including: byte 4K words standard.

handling, 3-way nondestruct Three data channels: Pro-
compare, test and skip up to 15 : grammed data channel, up to
instructions, fast shifts, and 90KHz. Optional multiplexed
optional multiply/divide. _ data channel up to 333KHz.

B e ' Optional direct-memory-access
e up to 800 KHz.

Expansion to 8K words in main-
frame. Up to 65K available.

N\

True-nested priority interrupts:
4 levels standard. Expansion to
64 levels.- Automatic register
save-and-restore, 6-usec re-
sponse. :

Third-generation software:
LEAP, a two-pass, macro-han-
dling assembler, linking relocat-
able loader with automatic
depaging, debug and edit pro-
grams, utility routines, 1/0
drivers, and diagnostics. LEAP-
FORT and MACSIM: Program MAC 16, with 4K memory,
assembly and simulation on big ASR 33, 4 priority interrupts.
computers. USASA Standard Ready to operate..... $11,950.
FORTRAN IV with math library.

Mainframe space for options.
Swing-out front panel, relocat-
able to remote position. Control-
panel programmer aids.

Let MAC doit.

For technical data, write: MAC,
Lockheed Electronics Company,
Data Products Division, 6201
East Randolph Street, Los
Angeles, California 90022.
CIRCLE NO. 16 ON INQUIRY CARD
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If you’re building any computer
except a Computer, you need CTrL.

CTuL 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 CTurL 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 TTL.

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, CTurL can
handle signal swings as large as 3V.
It also provides typical noise
immunity of 500mV.

What we’ll do for an encore:

MSI CTuL will be out before the
year ends. CTuL-IT 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



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
CTwrL devices:

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

ANDGate .................. 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

AND Gates ................. 1.25
9965 Quad Single-input
ANDGate .................. 1.25

9966 Quad Two-input
AND Gates, one pair

withOR-tie ................. 1.25
9967 JK Flip-flop ................ 2.00
9968 Dual Latch ................. 2.00
9971 Quad Two-input

AND Gates with

OR-tiedpairs . ............... 1.25

9972 Quad Two-input
AND Gates, one pair
withOR-tie ................. 125

If you want CTrL-II in sample
quantities, call Fairchild. If you
want standard CTurLin production
quantities, call a Fairchild distribu-
tor. He has everything you need

to build any computer.

Even a Computer.

I
FAIRCHILD
L e Ty ————
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

CIRCLE NO. 17 ON INQUIRY CARD

of LSIadmits there’s another way:



IEEE ANNOUNCES TWO COM-
PUTER COURSES FOR EE’S—The
IEEE has announced two new 2-day
tutorial courses for the practicing
electrical engineer who would like to
use digital computer programs as an
aid in solving day-to-day problems,
or who would benefit from knowing
how to use time shared computers to
solve practical electrical engineering
problems. The courses were developed
for the Institute by Oyer Professional
Computer Services, New York, N. Y.
subsidiary of Computer Age Indus-
tries, Inc.

“Computer Programming For Elec-
trical Engineers” is intended to equip

INDUSTRY NEWS

attendees with the knowledge to begin
to write some of their own programs
and the ability to discuss program-
ming problems knowledgeably with
experienced programmers.

“Problem Solving For Electrical
Engineers Using Time Shared Com-
puters” will consist of lectures on how
to use time shared computers to best
advantage in solving practical electri-
cal engineering problems. This course
is intended to equip attendees with
the knowledge to begin to solve some
of their own problems through “con-
versation” with a time shared com-
puter system.

Both courses are being offered in

conjunction with several IEEE- Con-
ferences; January 23 & 24, following
Reliability Symposium; February 14
& 15, following AES Wincon; March
27 & 28, following IEEE Interna-
tional Convention; April 24 & 25,
following SWIEECO; and, Tenta-
tively, April 17 & 18, following
INTERMAG (Holland).

Full information about the courses
and registration for members and non-
members can be obtained by writing
Education Registrar, IEEE, 345 East
47th Street, New York, N. Y. 10017.

AUTOMATIC COMMUNICATIONS
SYSTEM CONTRACT AWARDED
—Burroughs Corp., Detroit, Mich. has
been awarded a contract by the Army
Electronics Command, Fort Mon-
mouth, N. J., to build a Tactical Auto-
matic Digital Switching System
(TADSS).

TADSS will provide the Army with
an automatic communications system
which will receive incoming tactical
field data and redistribute it on a
real-time, priority basis to various
field commanders. '

Included in the data will be the
status of enemy troops and weapons
and other intelligence, logistical,
operational and administrative infor-
mation.

The initial contract calls for two
mobile message switching centers,
each comprised of six vans containing
computers, communications, and tech-
nical support equipment. The heart
of each center, two Burroughs B3500
computers, will be housed in two of
the vans along with their associated
disk file memory, magnetic tape and
other peripheral equipment modified

to meet the Army’s rugged tactical
requirements. The information flows
to and from the system over 48 fully
duplexed communications lines at the
rate of over 300,000 characters per
minute,

The contract contains an option for
three additional switching centers,
bringing the total potential under the
present contract to $11-million. Over-
seas shipments of the first TADSS
message switching center to the
United States Seventh Army, West
Germany, is scheduled for December
1969.

FCC CHIEF SEEKS USERS GROUP
REACTION TO CARTERFONE
RULING—At the Third Annual Meet-
ing of the Digitronics Users Associ-
ation in New Orleans last week,
Kelley E. Griffith, Chief of the FCC
Domestic Rates Bureau expressed the
Commission’s desire to hear all inter-
ested parties, especially users, with
respect to recent AT&T tariff filings.
The new filings were made subse-
quent to the FCC’s ruling in the Car-
terfone case against AT&T restriction
of equipment to be used on telephone
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lines. Griffith noted that in making its
Carterfone decision on September 13,
1968, the Commission removed some
long standing prohibitions (in effect
since 1899) in the Bell Systems tariffs.
These restrictions prohibiting cus-
tomer-provided devices and systems
from being connected into the tele-
phone network, acted to eliminate
harmless, as well as harmful devices.
The FCC holds that AT&T must
allow users to connect any device to
their lines that will be beneficial to

the user providing it does not inter-
fere with the telephone network itself
or another user’s activity within the
system. )

Mr. Griffith told the users that the
Commission was anxious to hear from
anyone who has something to say on
the subject and would accept informal
as well as formal pleadings. One of
the major tasks of the Commission
now is to determine whether or not
the new tariff filing, scheduled to go
into effect Jan. 1,1969, complies with
the recent Carterfone ruling.

COMPUTER DESIGN/JANUARY 1969



MODULINE® Memory-drive Hybrid Circuit Modules
combine miniaturized inductive elements
with thick-film ceramic-based technology.

You get pulse transformers and resistors

(diodes and capacitors

can also be included) in a circuit

tailored to your specifications.

A single module may contain up to four
identical circuits. They’re particularly
useful in memory systems where

a similar repetitive pattern exists.

Flexibility offered by modular concept
simplifies specific designs.

3 package styles: standard dual in-line,
jumbo dual in-line, molded case with
pin leads. They’re all compatible with
conventional in-line circuit layout.

High component density permits
substantial size and cost reduction.

For complete technical data, write
for Engineering Bulletin 22210 to:

Technical Literature Service, Sprague Electric Co.,

555 Marshall St., North Adams, Mass. 01247. s pn n G u E®

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

*Sprague’ and ‘(@' are registered trademarks of the Sprague Electric Co.
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INDUSTRY NEWS

ANOTHER REACTION TO AT&T’s
TARIFF—In a joint petition filed with
the FCC, Photo Magnetic Systems,
Inc. and its wholly owned subsidiary,
Computer Telephone Corporation,
said that AT&T’s proposed tariff
schedule could result in “less service
" available to the public for more
money to the telephone company.”
The Maryland based manufacturer
of the patented “Comput-A-Phone”
Touch-Tone telephone time-sharing
system, told the FCC that AT&T’s
action “seeks by artful, misleading and
cleverly contrived language in its
proposed revised tariff to retain the
same or even stronger controls over
so-called foreign attachments’ (cus-
tomer-provided equipment)”—in direct
contradiction of the FCC’s Carterfone
decision prohibiting unreasonable
AT&T imposed tariffs on harmless
interconnecting equipment produced
and sold by independent companies.
“Under the guise of protection of its
telecommunications network,” the
petitioners said “AT&T has proposed
elaborate regulations . . . to set stand-
ards for the use of customer-provided
data transmitting and/or receiving
terminal equipment,” and that the

data access arrangement which AT&T
has proposed “is only a cleverly con-
trived method of requiring, in most
instances, the leasing of a Data-Phone
from the Telephone Company, at in-
creased and unnecessary cost to the
user.”

In addition, the petitioners said that
AT&T’s new “protective connecting
arrangement, proposed to be tariffed
as equipment, with installation and
monthly rental charges to be made by
the Telephone Company” could be
easily built into the independent
manufacturers equipment “at little
cost and with no installation charge
or recurrent rental required.”

The petitioners said that certain
data equipment changes made by
AT&T are “done in the name of prog-
ress and improved service, but the
results of the changes involved are
presently available through cheaper
AT&T products and services.”

LARGE SCALE INTEGRATION
TEXT PUBLISHED—Availability of
a 105-page text on LSI has been
announced by Integrated Circuit
Engineering Corporation, Phoenix,
Ariz. The publication, written pri-
marily for engineering and manage-
ment personnel involved in state-of-

the-art product development, sum-
marizes the status of LSI. It evaluates
the impact of this technology and
presents its advantages and limitations
in proper perspective.

In addition to analyzing the effect
of LSI on the electronic industry,
the report reviews LSI design and
processing techniques, cost factors,
reliability and future applications and
techniques. Both MOS and bipolar
approaches to LSI are investigated
and their systems design and appli-
cations explored. Silicon wafer proc-
essing for each configuration is
summarized and the problem of in-
terconnections is reviewed.

Other topics * covered include:
special packaging problems and pin
limitations, power considerations,
cooling and canning requirements,
multilevel metalization, discretionary
wiring, system partitioning, comple-
mentary and four-phase MOS design,
yield projections, cost comparisons,
system reliability, maintenance and
repair, silicon on sapphire techniques,
projection printing, as well as novel
application techniques.

The text is priced at $75 per copy
and is available from Integrated Cir-
cuit Engineering Corporation, 4900.
East Indian School Road, Phoenix,
Ariz. 85018. Contact David B. Kret,
Manager of Publications.

WESTERN UNION INAUGURATES
‘INFO-COM'-INFO-COM, Western
Union’s new nationwide shared-use
communication network for business
firms, has gone into operation with in-
auguration of service for Montgomery
Ward, giant merchandising company
and the first INFO-COM customer.
The service provides each subscriber
with a private, computercontrolled,
multi-station network at shared-sys-
tem savings.

Ward started using INFO-COM
(Information Communjcations) to
link its Chicago corporate office with
17 Ward facilities coast-to-coast. The
system, equipped with sophisticated
computers and communication gear,
transmits messages at 100 words a
minute.

Western Union furnishes the com-
puters, computer programming, com-
munication circuits, teleprinters, out-
station equipment, and operation and
maintenance of the system.

Service is provided nationally
through Western Union’s computer
center in Chicago. As INFO-COM
expands, computer centers in New
York and San Francisco will also be
used. Each center is equipped with
two UNIVAC 418 computer systems.
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Sending points on the network
prepare messages on a teleprinter
which produces a punched paper tape
and a typed version of the message.
The tape is inserted in an automatic
transmitter which flashes the message
to Western Union’s computer center.

The computer selects the terminal
on which to deliver the message,
checks to be certain it is the correct
terminal and then transmits the
message.

As a double check, the computer
verifies, by means of an automatic
answer-back, that the right terminal
has been reached.

MICRO CIRCUITS FIRM 1S
FORMED-Hybrid Electronics, Inc.
located in the Jonathan Industrial
Center, Chaska, Minnesota, will man-
ufacture thick film circuits as its main

product and will also do custom elec- -

tronic development and electronic as-
semblies.

Robert L. Geib, who was formerly
President of Universal Circuits, Inc.,
a subsidiary of Dahlberg Electronics,
Inc., will be President. Other officers
will be Peter C. Spaulding, V. P. of

Marketing; Gerald F. Jablinski, V. P.
of Engineering, and Virgil H. Hill,
Secretary.

NEW PRESIDENT of IEEE ELEC-
TED—Dr. F. Karl Willenbrock, Pro-
vost of the Faculty of Engineering
and Applied Sciences at the State
University of New York, Buffalo, will
be President of The Institute of Elec-
trical and Electronics Engineers for
1969.

Dr. Willenbrock’s election was re-
cently announced by the IEEE Board
of Directors. He will head the world’s
largest engineering society, with a
membership totalling over 150,000
throughout the world.

He succeeds Dr. Seymour W. Her-
wald, Vice President of Engineering
for the Westinghouse Electric Cor-
poration. IEEE Directors also an-
nounced the election by the voting
members of Dr. John V. N. Granger
as Vice President, 1969. Dr. Granger
is President of Granger Associates in
Palo Alto, California. Two additional
Vice Presidents for 1969 will be
elected at the IEEE’s Annual Assem-
bly in January.
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Delivered the first Fabri-Tek 80-mil core memory stack.
Initiated production of stacks.

Major computer stack production (Control Data Corporation’s model 1604).

Production of 50-mil stacks, First heated stacks.

Delivered first Fabri-Tek core memory system.
Initiated thin film research.

Thin film memory system developed.

Production of 2-microsecond core memory systems.
Delivered the first commercially available planar thin film memory systems.

Development of 1-microsecond main memory systems.
Large production of 2-microsecond main memory systems.

Delivery of 500-nanosecond, 3D core memaory systems. Development of
mass memory system prototype (212D, 2-wire). Delivery of large
capacity 1-microsecond memory systems (2 million bits/memory).

Development of 18-mil cores. Delivery of memory systems with
integrated circuit logic.

107 bit, 2.75-microsecond mass core memory installation.

Délivery of large-scale planar thin film memory system.
Delivery of 16K x 80, 650-nanosecond, 22D core memory systems.

Mass core memory system production. Expanded production of proprietary
core memory systems. Mass production of 212D core stacks.

Max.
YP= i *
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o

Fabri-Tek is a leader in advanced memory research, development and production. Our experienced
Applications Engineers are ready to help you find solutions to problems in the following areas: Main
Memories ¢ Buffer Memories o Scratch Pad Memories « CRT Refresher Memories e Peripheral Mass
Memories e Mil-Spec Memories o Extension of Main Memory « Numerical Control

@
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*
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genuity, competence

5901 So. County Road 18, Minneapolis, Minnesota 55436 Telephone: 612-935-8811 or TWX: 910-576-2913 and response.
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SUBSTATION TRANSFORMER
LOADING ANALYSIS PROGRAM
DEVELOPED—The Advanced Sys-
tems Technology Group at Westing-
house recently developed a computer
program which appraises the area
growth plans for transformer sub-
stations by the application of proba-
bility techniques. The method deter-
mines the risk for exceeding maximum
transformer temperatures and evalu-
ates the expected loss of transformer
insulation life, based on area load
forecasts and local ambient tempera-
ture conditions.

Calculations include the effect of
ambient temperature on area load,
cas well as on transformer hot-spot
and top-oil temperatures. Load and
temperature are represented by statis-
tical models so that the joint proba-
bility of each load and temperature
level can be evaluated.

The probabilities of each combi-
nation of load and temperature which
result in transformer temperatures in
excess of specified limits are accumu-
lated, and the resultant is converted
to risk of exceeding limits in days
per period. Transformer loss of insu-
lation life is also based upon prob-
ability mathematics. Percent loss of
life is calculated as a function of
transformer hot-spot temperature for

The 1969 Systems Science and Cyber-
netics Conference will be held Octo-
ber 22 - 24, 1969 in Philadelphia, Pa.
The conference theme is understand-
ing and controlling natural [non-
engineered] systems through the ap-
plication of the methods of systems
science and cybernetics and the use
of natural system models in the design
of engineered systems.

Abstracts of approximately 1000
words in length are required to be
submitted to the Program Chairman
by April 15, 1969, and final manu-
scripts for publication in the Confer-
ence Record are required by August
15, 1969. Address correspondence to:
Mr. Hugh A. Raymond, Valley Forge
Space Technology Center, General
Electric Co., P. O. Box 8555, Phila-
delphia, Pa. 19101

The Instrument Society of America
(ISA) announces the call for papers
for its 24th Annual ISA Conference
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each combination of load and tem-
perature and considered by the joint
probability of occurrence of that com-
bination. The sum for all combi-
nations is then the expected percent
loss of life for that transformer.

These calculations are made each
period of each year of a study for
each existing transformer. The pro-
gram keeps tract of the accumulated
percent loss of life for each trans-
former. When a limit is exceeded
(usually 100 percent), that transformer
is replaced with another having sim-
ilar capabilities.

COMPUTER SYSTEMS MANUFAC-
TURER FORMED—Computer Oper-
ations, Inc., a computer services and
computer systems manufacturer has
been formed in Silver Spring, Md. The
new company consolidates the previ-
ous systems operations of Digital Asso-
ciates, Inc. Baltimore and Ron Davies
Associates, Silver Spring, Md.
Computer Operations provides com-
plete turn key computer systems for a
wide range of applications in data ac-
quisition, analysis and control. In ad-
dition, the Company manufactures
numerous hardware interfaces for
non-standard data sources and peri-
pherals. These include mass magne-
tic tape memories of the LINC type.
Systems are delivered in an operating
state with all interfacing and pro-

& Exhibit, to be held October 27-30,
1969 in Houston, Texas. The four-day
conference will focus on “Instrumen-
tation + Systems -+ Automation =
Greater Productivity.”

ISA invites state-of-the-art papers
relating to this theme in all major
areas of instrumentation and auto-
matic control. Interested authors must
obtain an “Intent To Present An ISA
Paper” form (B3-2), that states in-
structions on preparing an abstract.
Direct requests for forms to: Program
Co-ordinator Herbert Buntzel, Bonner
& Moore Assoc., Suite 1124, 500 Jef-
ferson  Building, Houston, Texas
77002, or Director of Technology Serv-
ices Vincent J. Giardina, Instrument
Society of America, 530 William Penn
Place, Pittsburgh, Pa. 15219.

The deadline for abstracts is Feb-
ruary 15, 1969.

The 1969 ACM National Conference,
scheduled for August 26-28, 1969, at
the San Francisco Civic Center, has
issued a call for papers.

gramming necessary for the applica-
tion.

President of the new company is
Stephen E. Silverman, formally of the
Biomedical Engineering Laboratory
of Johns Hopkins University. Facil-
ities are located at 11215 Oak Leaf
Drive, Silver Spring and 702 N.
Broadway, Baltimore, Md.

ORDERS ENTERED FOR OVER
HALF-MILLION DOLLARS IN
DATA SETS—International Communi-
cations Corp., a subsidiary of Milgo
Electronic Corp., Miami Fla.,, an-
nounced today the receipt of two
significant awards, one from Trans
World Airlines, the other from West-
ern Union for data communications
equipment  totaling over $500,000.

Under an agreement with Trans
World Airlines, ICC began delivery
in December of Modem 440/24 PB
data sets to be used in connecting
TWA’s Passenger Reservation Com-
puter Center in Zurich, Switzerland
with the United States as well as with
cities in seven European countries.

The Western Union contract is a
reorder for an additional quantity of
Modem 4400 data sets. These data
sets, which transmit information at
a rate of 2400 bits-per-second, are
of the same type currently utilized
in Western Union’s nationwide com-
munication network.

Areas of interest include: Tech-
niques for symbolic and algebraic ma-
nipulation; Computer graphics; Com-
puter assisted instruction; Design auto-
mation; Data transmission for online
terminals; General purpose languages;
Development and operation of remote
access utilities; Realtime systems, and
applications; Testing and conversion
of realtime systems; Systems accept-
ance criteria; Time sharing networks;
Resource allocation and scheduling;
Automata theory-computability; Bio-
medical data processing.

Those planning to submit a paper
should send a post card giving a
brief description; working title; name,
affiliation, business address (with zip
code) and telephone number immedi-
ately to Ward Sangren, ACM 69
Technical Program Chairman, P. O.
Box 2867, San Francisco, Calif.,
94126. Five copies of the entire
paper must be submitted by February
17, 1969.
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We've expanded our plant for the fourth time and
doubled our multilayer production.

We will now be able to produce more boards of all
types, including higher density multilayer boards. Our
present experience is 36 layers. Our new 24 x 40 fully
automatic press will increase versatility and capacity.
Our new equipment includes a 28-foot camera—
largest and most precise in the industry. Together
with our 18 foot camera this gives us unique capability.
We're steadily expanding our engineering staff to
meet our customer’s needs.

If you know us by our record, that's all we need say.

If not, we'll add that we are known as the leader in
the PC board industry.

QOur story is quality. We hire the best people, train
them our own way. NASA, the “mil spec” people,
the big computer and consumer producers — they all
come to us. They demand skill, reliability. They get it.
We're busy, but we're always interested in additional
challenges. There's room for another wing out back.

CINCH-GRAPHIK

DIVISION OF UNITED-CARR

200 South Turnbull Canyon Road, City of Industry {Los Angeles), Calif. 91744 « Phone (213) ED 3-1201. Sales offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany.

ur néw

plant - the house

that multllayers
built.

THE CINCH]
ELECTROMICS
GROUP

MEMBER

CONSISTING OF CINCH MANUFACTURING COMPANY, ,CINCH-GRAPHIK‘,’ CINCH-MONADNOCK, CINCH-NULINE, UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT.




&%) DEVELOPMENTS

Superconductivity Temperuture
Pushed Higher in New Material

The highest known temperature
at which a material becomes super-
conducting—that is, loses all re-
sistance to the passage of current—
has been reported by Bell Tele-
phone Labs scientist B. T. Matthias
and his associates, G. Hull and E.
Corenzwit, together with scientists
at the University of California and
the University of Chicago.

Matthias and his co-workers
have pushed the temperature for
transition into the superconducting
state of a multi-phase system of
niobium, aluminum and germanium
to above 20.7°K (Zero degrees K,
or Kelvin, is equivalent to —460°F
and represents total absence of
heat.) This work represents a fur-
ther increase in the highest at-
tained transition temperature by
0.7 degrees over a record of 20°K
reached last year in similar ma-
terials by Matthias and Professor
T. H. Geballe of Stanford Univer-
sity and Bell Laboratories, and by
L. D. Longinotti, E. Corenzwit,
G. W. Hull, R. H. Willens and
J. P. Maita, all of Bell Labora-
tories.

Since it is difficult to cool ma-
terials to the extremely low tem-
peratures needed for superconduc-
tivity, physicists have searched for
many years for ways to increase
the temperature at which metals
become superconducting. Until re-
cently it was thought possible that
a temperature near 18°K was an
absolute upper limit for supercon-
ductivity, but the work reported
last year by Matthias and Geballe
showed that higher temperatures
were possible and encouraged in-
tensive work that has led to the
new record of 20.7°K.

One very important feature of
these newest superconducting ma-
terials is that the transition tem-
perature is substantially higher
than the boiling point of liquid hy-
drogen, about 20°K. This means
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that the new superconductors can
be immersed in liquid hydrogen
rather than the much more expen-
sive liquid helium which boils at
4°K. Applications of superconduc-
tivity which have not been possible
until now because of the high cost
of liquid helium may now become
feasible.

The niobium-tin superconductors
discovered in 1954 were shown in
1961 by Kunzler and co-workers at
Bell Laboratories to be capable of
carrying very large currents and
generating intense magnetic fields
greater than 100 thousand gauss
when wound into the form of a
cylindrical coil or solenoid. Because
of their higher transition tempera-
ture, the new materials recently
discovered by Matthias and his as-
sociates may make possible sole-

noids that produce even more in-
tense magnetic fields. .
Only about 30 metals with super-
conducting properties were known
when Matthias became interested
in the field. Today more than 1000
superconducting metals are known
—largely due to the discoveries of
Matthias and his co-workers at Bell
Telephone Laboratories and the
University of California.
Matthias’ findings have led him

_to formulate rules which have

brought increased order to the
study of superconductivity and
have enabled him and others to
predict the existence of new super-
conductors. The phenomenon of
superconductivity has been a major
factor leading to the understand-
ing of the behavior of materials
at low temperatures.

Bell Labs scientist B. T. Matthias and his co-workers have achieved the
highest superconducting transition. temperature (above 20.7°K) in a
multi-phase system of niobium, aluminum and .germanium. Supercon-
ductivity describes the state in which a material loses all resistance to
electric current. Here, Matthias melts the material in a vacuum in
preparation for studying its superconductivity properties.
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With a memory

like this,
you can
lorget

the logic

Use the logic easily programmed into our ROM (Read
Only Memory) elements. With a minimum of time
(typically four weeks versus the twelve required for
new custom logic elements), we can set up the simple
interconnection metalization pattern your needs dictate
and start shipments. Costs about a thousand dollars
versus the forty thousand new logic elements run to. And
there’s every probability that your production run ele-
ments will cost less too.

ROM elements are far simpler to make than a new,
untried logic design. They’re highly repeatable and
proven reliable. No logic race conditions; no logic cir-
cuit debugging. And our new MOS ROM elements are
fast, 500 nanoseconds, the fastest available. They operate
from + 12 and — 12 volt supplies. Easily compatible with
conventional DTL and TTL.

MM521 is a 1024 bit element (256 x 4) 16 pin Dual In-
Line device selling for $45.00 in 100 quantity. MM522
is a 1024 bit element (128 x 8) 24 pin Dual In-Line at
$60.00. Our 500 series MOS are specified at —25°C to
+70°C. Full temperature range (—55°C to +125°C)
is also available.

We’re building a memorable packet of information for
logic designers. For the complete set, write or call
National Semiconductor, 2975 San Ysidro Way, Santa
Clara, California 95051. (408) 245-4320.

TWX: 910-339-9240. Cables: NATSEMICON.

FROM YOUR TRUTH TABLE

Inputs Outputs
A B CDEVF G H w X Y Z
0o 0 0 0 0 0 0 O 0o 1 0 1
0O 0 0 0 0o 0 0 1 0 0 1 1
0o 0 0 0 0 0 1 o 0o 1 1 0
0o 0 0 0 0 0 1 1 1 1 0 O
0o 0 0 0 0 1 0 o 0o 1 o0 ©0
0o 0 0 0 0 1 0 1 0o 1 1 1
0o 0 0 0o 0 1 1 o0 0o 0 0 0
0o 0 0 0 0 1 1 1 1 0 1 o0
0o 0 0 0 1 0 0 o 1 0 1 1
0 0 0 0 1 0 0 1 1 1 1 1

TO YOUR MM 521
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Inputs z ] 16 pin Dual In-Line
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Image Display System Could
Expand Television Monitor
Market

A powerful computer-based image

display system that could make the
television monitor as important as

the telephone in the office of to- |

morrow has been developed by the
Rand Corp., Santa Monica, Calif.
Thomas O. Ellis, a senior scientist,
said that a new Rand information
network makes use of standard
television monitors that are linked
to an experimental image distribu-
tion system (IDS) developed by
IBM’s Los Gatos Laboratory.

In operation at their headquarters
in Santa Monica, the new system
serves as a video-electronics hub
that will eventually give many sci-
entists access to data stored in sev-
eral computers by using television
terminals in their offices.

The image-generation portion of
the network was built under con-
tract to Rand and is linked to an
IBM 1800 data acquisition and
control system which receives data
from an IBM System/360 Model 40
computer. This information is then
converted into text or graphics for
display on television monitors.

The image distribution system
can display computer-generated
video information on thirty-two re-
mote high-resolution television
monitors simultaneously, and then
modify this information according
to the user’s instructions.

Information to be displayed,
whether initiated from the comput-
er or the viewer, is combined under
program control, generated as dig-
ital data, converted and organized
into a two-to-one interlaced tele-
vision signal by scan conversion.

These video signals are then re-
corded on a thirty-two track mag-
netic disk buffer which stores the
video information and transmits it
to the appropriate television moni-
tor.

“There are three television con-
soles in operation now, but we ex-
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pect to add 29 more next year,”
Mr. Ellis said. “The system could
handle several hundred consoles in
the offices of individual staff mem-
bers. To communicate with the sys-
tem, a scientist may use several de-
vices including a keyboard and an
electronic tablet to write or sketch
information directly into the com-
puter.

He may modify sections of the
image displayed on his screen with
the help of the computer which
processes the information entered
on the tablet. Thus, the scientist
can change sections of the image by
correcting or adding to it. This new
information may appear brighter
on the screen so that there is a use-
ful reference point.

The system can handle gray
tones as well as black and white.
This permits both live and still pic-
tures to be routed to the TV ter-
minals. Live broadcasts by-pass the
computer system and are trans-
mitted directly to the television
monitors. However, still photo-
graphs taken with a TV camera can
be recorded on the video disk.

By reading two tracks on the
video disk simultaneously, comput-
er-generated information, such as
text, can be superimposed on pic-
tures or graphs which appear on
the television screen.

Capacity of Bulk Random
Access Memories Increased

Ampex Corp. has developed an ex-
perimental system at its Redwood
City, California, Laboratories which
stores up to 50 billion bits of in-
formation on single 1014 inch reels
of magnetic tape. This is approxi-
mately 1,000 times the capacity of
typical tape reels presently used
with computers. The information
can be accessed and transferred,
on the average, in less than ten sec-
onds.

“During the experimental stage,
now completed, the test system
demonstrated the feasibility of ap-

plying videotape recording tech-
niques to the bulk digital storage
problems of a computer, with sub-
stantial advantages in storage
capacity, access speed, at a reliabil-
ity and economy,” said Dr. Wil-
liam A. Gross, VP-GM of the Re-
search and Advanced Technology
Division.

A finished memory based on the
development would enable a com-
puter user to place all of his digital
records on-line, ready for immedi-
ate random access by the computer.
These dramatic gains in capacity
are made possible by the recording
densities inherent in the video re-
cording technique plus efficiencies
in the use of tape which it makes
possible. Today’s on-line bulk mem-
ories can store only a fraction of
typical large data stores. The re-
mainder is stored on magnetic
tapes which are kept on shelves
and manually loaded into the com-
puter system as needed.

The Ampex system would elimi-
nate shelf storage and delays now
required when a needed tape reel
or disc pack is located and manual-

- ly placed in the system. All records

would be at hand with any portion
of the data accessible in seconds.

Gross said Ampex is continuing
work on systems with configura-
tions applicable to both existing
and fourth generation computer
systems. The videotape recorder in-
creases recording density by using
four recording and playback heads
mounted on a small metal disc that
rotates perpendicularly across the
moving tape for recording or play-
back. Conventional digital tape
drives have fixed heads that record
and play back parallel to the mo-
tion of the tape. The rotary head
increases relative tape-to-head
speed by approximately six times
that of the fastest fixed-head de-
vice. This makes possible the re-
cording of high frequency television
pictures or, when applied to coded
data, greatly increased volumes of
information.
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Lockheed has been making multilayer circuits by the
thousands. For years. With the most advanced lami-
nating techniques.

You'll probably want from 3 to 6 layers, but we can
make 15 or more layers if you need them. And we'll
give you precision flatness—well above industry
standards. With all layers perfectly registered. The
quality of our lamination will equal or exceed the 2-
sided boards you might now be using.

Presenting:
The Lockh

Another comfort. We can provide you with sophis-
ticated multilayer circuits for little more than you're
now paying for the standard 2-layer board.

Which means you can get the Lockheed Sandwich
for very little bread.

Write for your "“Designer’s Guide to Multilayer':
Printed Circuits, Lockheed Electronics Company,
Data Products Division, 6201 East Randolph Street,
Los Angeles, California 90022.

eed

Sandwich

LOCKHEED ELECTRONICS COMPANY

A Division of Lockheed Aircraft Corporation
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@5 DEVELOPMENTS

Error Correction Developed For
Trillion-Bit Storage System

The chance for error in a line of
data read by the world’s largest
computer storage system is only
0.000075 percent.

This statistic is based on test
data in “Error Detection and Cor-
rection in a Photo-Digital Memory
System,” an article in the Novem-
ber issue of the IBM dJournal of
Research and Development. '

The journal article describes the
trillion-bit systems’ error-correcting
techniques and shows how the sys-
tem can correct errors rapidly
enough for real-time operation.

The photo-digital storage system
was built by IBM under a special
contract for the U.S. Atomic En-
ergy Commission. The AEC con-
tract specified the allowable error
rate as no more than one 300-bit
line with uncorrected errors in
2,700,000 lines read. The system
has demonstrated a much better
average of one line with uncor-
rected errors in 13,500,000 lines
read.

The system functions in a net-
work of computers at the Lawrence
Radiation Laboratory in Livermore,
California. A second system, using
the same error-correction tech-
niques and having approximately
one-third the storage capacity of
the first, has been installed at the
Lawrence Radiation Laboratory in
Berkeley, California.

The error-correction methods
blend with the special characteris-
tics of the system, which uses an
electron beam to record binary data
on 1.3- by 2.7-inch film “chips.”
The system develops the chips in
its own fully automated film labo-
ratory, transports them in plastic
cells through a system of pneumatic
tubes, and files them for retrieval
and reading by a high-speed flying
spot scanner. A programmed con-
trol processor coordinates these
events.

A hybrid combination of software
in this control processor and hard-
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ware in a data controller helps pro-
vide the powerful error-handling fa-
cilities needed in the system. The
system’s high recording density
necessitates the use of a sophisti-
cated code, and the one employed
—a Reed-Solomon type—is par-
ticularly suited for correcting errors
that occur on photographic film. To
implement the code, the data line is
divided into 50 six-bit characters of
data, a 2 character line number,
and 11 characters of redundancy.
The data controller encodes data
and detects errors, while the control
processor, acting in a time-sharing
mode, directs error correction. Time
sharing by the processor is accom-
plished through the use of multiple
interrupt levels.

The journal article emphasizes
that this unique hardware-software
combination in the error-correcting
process is adaptable to any of a
growing number of systems with a
programmed processor available on
a time-shared basis.

A novel feature of the process
that helps implement the code
rapidly enough for real-time opera-
tion is the initial assumption that
an erroneous line of data contains
only one error. Using the full capa-
bilities of the code for every cor-
rection would be time consuming.
Consequently, the process always
begins with single-error correction,

- which is comparatively simple and

rapid. If single-error correction
fails, the process continues with at-
tempts to correct two, three, four
and, finally, five errors. This pro-
cedure is relatively slow for lines
with four or five errors, but the fact
that most errors are single errors
keeps the average correction time
down. In a large test sampling,
average decoding time for all lines
with errors was only one-third
higher than the time expended on
lines with one error alone.

Other significant features include
a symmetric code polynomial that
allows an economic use of circuitry
and two-error correction without
the usual trial-and-error procedures.

New Material Provides Longer
Recording Head Life

Ferroxcube Corporation has an-
nounced the development of a
monocrystalline ferrite material for
use in magnetic recording heads.
The new material, with its in-
creased wear resistant characteris-
tics, is expected to find wide use
in video and high density tape-
recording applications where re-
cording head wear is a significant
problem. Recording heads made of
the new material are expected to
increase the head life in these ap-
plications by a factor of 10 times
or more thereby reducing the ser-
vice costs of users.

The practical process for growing
single-crystal manganese-zinc fer-
rite has been developed by using
a technique similar to that used in
producing synthetic gem stones.
This material is not the conven-
tionally designated “monocrystal-
line” ferrite, which, though com-
posed of large-size crystals, is
actually polycrystalline.

The single-crystal ferrite, as the
name implies, is a single, com-
pletely homogeneous crystal, with
no grain boundaries to permit cry-
stal pullout which is frequently re-
sponsible for the familiar crum-
bling or wear of the contact face
and gap edges. The superior me-
chanical properties of this new fer-
rite are further enhanced by
proprietary glass-bonding, or met-
al-bonding processes. Heads fabri-
cated from single-crystal ferrite
and bonded by this means present
a monolithic contact surface of
extremely high density and very
low porosity in which the mag-
netic gap can be controlled to
within = 5 microinches or less
and original sharp edges and ma-
chined profiles preserved intact
through thousands of hours of op-
eration.

Characteristics include an initial
permeability (u,) of 2250+ 250 at
100 kHz, 350+ 50 at 5 MHz.



economy model

It’s our 8B Series. Made to Winchester standards of qual-
ity and reliability—but at an easy-on-the-pocketbook commer-
cial price.

Frankly, you'd look long and hard for a better buy than our
8B Series connectors for computers, memory systems, proc-
ess control systems—or just about any industrial or commer-
cial application.

We offer them in single and double row termination. You
have a choice of eight different contacts—with from six to
thirty positions. And contacts are removable. Easily. With a
simple hand tool. Polarizing pins are available, too.

Let us send you the facts about how the Winchester 8B
Series gives you.more for your money. Isn’t that a nice
thought? Write: Winchester Electronics, Main St. and Hillside
Ave., Oakville, Connecticut 06779. .

WINCHESTER ELECTRONICS
LITTON INDUSTRIES
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All in aday’s work at Rogers.

Samples shown here are typical of the sophisticated Mektron® circuits and
circuit systems being produced in volume and with high precision today at

Rogers. Among the capabilities that have expanded and diversified our work

with circuit systems at Rogers, Connecticut, and Chandler, Arizona, are:

competence in both fine-line etching and mechanical generation of patternry

the broadest experience in development and application of
electrical /electronic insulation

unique skills in welding, plating and multilayer packaging. ‘

May we provide design assistance for your circuit requirements?
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Rogers Corporation
Rogers, Connecticut 06263

a. Controlled impedance jumper
b. Welded-through keyboard matrix circuit
c. U-shaped laminar bus for computer

d. Uniquely packaged, 4-layer voltage plane

e. Interconnection jumper for core memory stack
f. Flexible circuit tor power and signal distribution
g. Sense-digit line for planar thin-film memory

CIRCLE NO. 23 ON INQUIRY CARD
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An electronic solution is proposed to the process of

solving linear partial differential equations utilizing highly-multiple

processing elements.

AN ARRAY PROCESSOR USING

The solution of array-type boundary-value problems
by machine leads to an interesting study. Calculations
of this nature involve the simpler arithmetic opera-
tions of addition, subtraction, complementation and
shifting; these operations are repeated as many times
as there are elements in the array. The complete solu-
tion of a boundary-value problem requires many itera-

tions of the processes involved in the computations

for a single set of array values.

The methods presented later are applicable to the
solution of linear partial differential equations of the
following forms:?

Parabolic—Heat Conduction, Diffusion

1 09
V3P — — — = {(r,t 1
5~ e (1)
Hyperbolic—Waves
1 9

Hyperbolic—Damped Waves
02 0d
Vi — aoaz‘— - alg —a;® = f(l’,t) (3)
Elliptic—Static Case

V2@ = £(r) 4)

David Andrews received the degree of EE
from Rensselaer in 1934, aond the MEE at
the University of Colorado in 1968. Since
then he has spent 31 years in the employ of
the U.S. Government. Most recently he was
chief of the standard frequency and time
broadcasts section of the National Bureau of
Standards. He is now a registered P.E. and
an electronics consultant and is a senior
meimber of IEEE. ’
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The processor described here is intended to be used
as an adjunct to a general purpose computer.

USUAL COMPUTER TECHNIQUES

In order to understand the advantages to be gained
by using a special processor unit, it is first necessary
to examine the steps required to perform a single
element calculation using a general purpose computer.

The steps are:

1. Fetch from memory the value of the element and
other nearby elements.

2. Perform the necessary arithmetic operations.

3. Restore the updated values.

This same process must then be repeated by the
number of elements in the array and the total process
a sufficient number of times to assure the desired
accuracy in the final result.

It is then possible to define the processing time as
follows:

T=t (mXnXc (5)
where: T is the total processing time
t is the element processing time
m is the number of columns in the array
n is the number of rows in the array
c is the cycles of iteration required. -

Since this is a serial processing method, all of the
arithmetic operations must be done by the arithmetic
unit in sequence, thus rendering the arithmetic unit
incapable of other operations than the simple ones
required for this problem. In addition, the fetch and
restore functions .are continually in operation, effec-
tively harnessing an entire general purpose computer
capable of very sophisticated computations to a
lengthy and menial task. ‘

Economic considerations dictate that expensive and
complex equipment only be used for purposes com-
patible with its greatest capabilities, unless the equip-
ment is otherwise idle, or for purposes of experi-
mental study or development.

Thus, if a particular type of computation was
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necessary only once, it would be economically justifi-
able on a general purpose computer at great expense;
however, if the same computation were required
repeatedly the possible cost savings would, at least,
call for a study of hopefully less expensive computa-
tional methods.

With due deference to Dr. Amdahl, I.B.M.’s staunch
exponent of uniprocessors?, it is the author's firm
conviction that parallel processors will find a real
place in the future computer industry.

HISTORICAL APPROACHES

With firm confidence in the maxim “Never send a
man to do a boy’s job!” others have turned their
talents to parallel processors as an answer to the prob-
lem of multitudinous routine or simple calculations.

A very fine article by John C. Murtha3 gives a com-
plete background of information on parallel process-
ing. For the purposes of this article attention will be
focused on a few of the computers that have been
arranged for parallel processing.

The soLomoN computer* is undoubtedly the most
significant of parallel processing computers that have
been designed and built. The soLOMON system is built
around a network of processing elements arranged in
an array of 82 X 32 units, or a total of 1024 process-
ing elements. Each processing element is a complete
minimized serial-by-bit arithmetic and logical unit
capable of performing a full complement of arithmetic
and logical instructions on a pair of binary digits at a
time. Each processing element has associated with it
a data memory which serves as its working storage.
In addition to the element data memory there are also
the program memory and the bulk exterior memory.
Arrangements are made whereby each processing
element may have access to stored data in its own
memory, the memory of any of its four neighbor
processing elements, the program memory, or the bulk
exterior memory. Each processing element is capable
of several different modes of operation, and all of the
processing elements are directly controlled by the net-
work control unit. The basic difference between the
SOLOMON computer and a multiplicity of general
purpose computers is that only one control unit is
used and it programs all of the processing elements
identically. A block diagram showing the arrangement
of the major components of the SOLOMON 1 system is
given in Fig. 1.

The operation of the soLoMoN system is described
with reference to Fig. 1. Data to be used in the com-
putations is loaded into the memory through the
input/output control unit. The program memory is
loaded with the required instructions which direct the
computer in its performance of the desired computa-
tion. As necessary the individual processing unit mem-
ories are loaded through the buffer from the main
memory. Information is transmitted in parallel to the
buffer and then serially-by-bit to 32 of the 1024 proc-
essing elements simultaneously. Addressing of the data
to the processing elements is controlled by the pro-
gram memory through the network control and se-
quencer; two of the data bits furnished the processing
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_ Fig. 1 The Solomon Il System.

elements control the mode of operation of the proc-
essing element.

When the computation is complete the data from
each processing element is read out through the buf-
fer either into the main memory or through the in-
put/output control unit to peripheral equipment.

Hard on the heels of the soLomonN computer is the
iLLIAC 1v367 computer being developed jointly by the
University of Illinois and the Burroughs Corporation.
Categorically this computer falls in between a general
purpose “pipeline” computer and the soLoMON com-
puter. Instead of the design value of 1024 processing
elements used with the soLoMoN computer, the ILLIAGC
1v uses only 256. The 1LLiAc 1v, however, has four
control units, each controlling 64 of the processing
elements. This arrangement leads to a more flexible
programming capability. The processing element used
in the 1LLIAG 1v is considerably more sophisticated
than the serial-by-bit element used in the soLoMoN
computer. This processing element is a three-register
arithmetic unit capable of performing a full reper-
toire of instructions on 64-bit, 32-bit, or 8-bit oper-
ands. Full floating-point operations are included for
the 64-bit and 32-bit words. A number of special pur-
pose logic operations combine with the arithmetic
capabilities to enable a floating-point multiply time of
about 400 nanoseconds and a floating-point add time
of about 200 nanoseconds. The general arrangement
of the 1LLIAC 1v computer is shown in Fig. 2.

The operation of the 1LLIAC IV system is somewhat
similar to that of the soLoMON system. A general pur-
pose computer is required in conjunction with the
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ILLIAC Iv system and serves as the control center for
the computer system. Information to be processed is
loaded into the main memory and upon demand is
transferred to the processing elements. Addressing is
done through the input/output control unit to any
of the 64 elements in each of the four banks of proc-
essing elements. Each bank of 64 processing elements
has its own control unit to enable different programs
to proceed in each bank if desired. Computations pro-
ceed as directed by the program unit. Upon comple-
tion of the program, data is recovered through the
input/output unit and is transmitted to the periph-
eral equipment.

Having reviewed the two most promising parallel
computer systems, it will now be advantageous to
limit further review to those systems which have been
proposed particularly for the solution of numerical
differential equations.

The concept of a machine designed especially for
the solution of Laplace, Poisson, diffusion and wave
equations probably originated with Leondes and Ru-
binoff in 19528. As with many good ideas, the state-
of-the-art had to catch up with the concept, hence the
idea remained dormant until the early 1960’s when
work was done by Tanaka at Lockheed® and Rosin
at the University of Michigan?®.

The Lockheed array processor consists essentially
of a general purpose computer working in conjunc-
tion with a line of processing modules operating on
data stored serially on a magnetic drum. The system
as conceived would operate with 20 processing mod-
ules, each assigned to a single track on a 20 track mag-
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netic drum. Each track would be equipped with one
read head and one write head. With a magnetic drum
rotating at 6000 rpm and with a 1 MHz/s clock rate,
an add time for a 20-bit word of 20 microseconds
would result. A plugboard sequencer was also de-
signed for use with the processing modules to enable
a variety of computational programs. The general
purpose unit is used to set up the data in the mod-
ules, to supply initial conditions, and to receive out-
put data.

The University of Michigan array processor, while
very similar in fundamental concept to that of Lock-
heed, differs in several important points. This unit is
restricted in its application to the solution of the
Laplace equation with Dirichlet boundary conditions.
The machine undoubtedly could be reorganized to
enable the solution of other partial differential equa-
tions. The array for the University of Michigan ma-
chine is contemplated as much larger than that of
Lockheed, 1000 tracks each containing 375 words of
40 bits each. The drum speed is 1500 rpm. While not
specifically mentioned, it is logical that a general pur-
pose computing capability would be required to enter
the data on the drum and receive the data from the
drum.

A simple calculation will give a comparison of the
computing capabilities of the Lockheed and Univer-
sity of Michigan machines. The term bits-per-second
will be used as the common term for comparison.

For the Lockheed machine:

Bits/sec = No. of channels X bits/channel (6)
X rev/sec
= 20 X 20,000 x 100 = 40 Megabits/sec
For the University of Michigan machine:
Bits/sec = 1000 X (375 X 40) X 25
= 3875 Megabits/sec

Thus, it is evident that the University of Michigan
machine’s computing capability is nearly an order
of magnitude greater than that of the Lockheed ma-
chine.

Before leaving the subject of computing capabili-
ties it would be well to note the capabilities of the
IBM System/360 Model 9131, This system represents
the state-of-the-art as far as uniprocessors are con-
cerned. A very high speed of operation is attained.
This speed results partly from higher speed compo-
nents but mainly from a reorganization of machine
operation. The storage access time has been reduced
by interleaving and by providing CPU buffer regis-
ters, a technique to allow data and instruction queues.
Applying the full capabilities of the machine to a
problem of repetitive calcu]ations results in one com-
putation every 60 nanoseconds on a word of 72 bits
length. Hence—

For the IBM/360 Model 91 machine:

Bits/sec = 72 + (60 X 10°)
= 1200 Megabits/sec

Obviously, the data processing capabilities of the
IBM machine exceed the capabilities of either the
Lockheed or University of Michigan machines. Two
things work at this point in favor of parallel proc-
essors. One is that the IBM speed for a uniprocessor
represents just about the limit for processing element
speeds and advantageous machine organization. The
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second is that the calculated speeds of the parallel
processors were derived without the advantage of the
higher speeds.that can now be attained in computer
circuitry. That these two factors can work to a really
advantageous position for parallel processors will be
seen.

A SPECIFIC PROBLEM DEFINED

At present parallel processors have the advantage over
uniprocessors for the solution of specialized problems
involving a tremendous number of routine calcula-
tions. For the purpose of this article, it was decided
to select one such problem commonly encountered in
scientific calculations and plan a computational sys-
tem to handle this problem effectively.

The solution of partial differential equations using
finite difference methods involves a large number of
identical iterations over a large array of data. Thus,
by its very nature, this type of problem should lend
itself admirably to solution by a parallel processor
type of computing machine organization.

Equation (4) has been selected for this study. In-
deed, the generality of this equation has been further
restricted to the two dimensional case and also the
right side of (4) has been set equal to zero. The fol-
lowing equation then becomes of direct concern:

U, 2U
0x?  Oy?

=0 ™

This equation is commonly known as Laplace’s
equation in two dimensions. The solution of this
equation usually involves the determination of values
of U at selected values of x and y lying between given
values of U at specified x, y boundaries. Thus the
accepted solution must be capable of using the given
boundary values and producing the desired interme-
diate values to the required accuracy.

METHOD OF SOLUTION

The technique of obtaining a numerical solution to
the above defined problem may be readily found in
a good text' on numerical analysis. Satisfactory
methods revolve around the fact that the true value at
any point is equal to the arithmetic mean of the four
values obtained at adjacent mesh points.

The method of iteration consists in a systematic
progression through an array replacing each interior
value with a new value which is the mean of the four
neighbor values. This method lends itself readily to
machine solution.

The method of relaxation consists in making cor-
rections to each interior value amounting to 14 of the
algebraic sum of the differences between each neigh-
bor value and the value at the mesh point being com-
puted.

The method of overrelaxation is essentially the
method of relaxation with the difference that the cor-
rections made are multipled by some factor “w”
where w lies between 0 and 2. The case where w = 1
is the regular relaxation method.

The relaxation methods are of optimum value

where the residue values, the differences between the
present values at points and their updated values,
may be observed. Under these conditions it is possible
to operate selectively on those residues having the
largest magnitudes from the outset and thus arrive at
a solution expeditiously. For manual solution this
method has obvious advantages.

The objectives of this article will be attained by
employing the method readily performed by machine,
the iteration method. This method, however, may be
applied satisfactorily in several different ways depend-
ing .upon the machine organization. The three ways
considered here are point, line, and array iteration.

Point iteration consists in taking the array one
point at a time in an orderly fashion, calculating a
new value for the point and immediately substituting
the new value. This method is readily used with a
general purpose computer.

Line iteration consists in taking the array one line
(row or column) at a time in sequence, calculating
new values for each point of the line and then substi-
tuing the new values for the line. This method is
used in the Lockheed and University of Michigan
machines.

Array iteration consists of taking the entire array
at once, calculating new values for every point of the
array at once, and then replacing all of the values
with their updated values. This method will be em-
ployed in this article.

In order to give some feel for the effectiveness of
these methods of calculation, an extremely simple ar-
ray with an obvious answer has been computed by
each of the three methods with sufficient iterations to
come within 0.1 percent of the correct answer. The
array selected is a 4 x 4 square array with all edge
values equal to 1. The four central values are then
computed by each of these iteration methods.

Figure 3 shows the problem as described.

1000 1000 1000
.8 b 1000
~ a 1000
1000 o 1000 . Looo

Flg 3 A sxmple array for studymg
_ computational effectiveness. -

In addition to the values for a, b, ¢, and d the
arithmetic mean is also computed. These computa-
tions are presented in Table I.

Using the arithmetic mean values from Table I,
it is seen that b5 iterations are needed by the point
method to attain a value of 0.999, 7 iterations by the
line method, and 9 iterations by the array method.
This shows that the point method is the most efficient
and the array method the least efficient with the
line method falling in between.

Figure 4 shows the percent deviation from true
value plotted on semi-logarithmic paper as a function
of the number of iterations. The three methods of
iteration, point, line, and array are compared. The
regular nature of the curves would indicate that it is
likely that a mathematical expression can be found
that would relate the required iterations to the size
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of the array and iteration method employed. It is
sufficient here to note that the point method is the
most efficient and the array method the least efficient.
Data for this graph were taken from Table I.

Fig. 4 Comparison of iteration method efficiencies.

GENERAL DESCRIPTION OF THE ARRAY PROCESSOR

The array processor to be described is oriented spe-
cifically to the rapid solution of Laplace’s equation in
two dimension (7) by the method of array iteration.

The array may be built in any desired size; however,
to select a suitable size for discussion, the array has
been selected to have a size of 100 x 100 elements.

The processing element for each array point must
have the ability to sum the four neighbor values,
divide by four, and replace the existing value of the
point with the new value. For the array under con-
sideration, then, there must be 10,000 similar proc-
essing elements.

The processing elements then must be arranged in
some logical pattern for ease of construction, assem-
bly, and addressing. Since the array of processing ele-
ments was chosen to be square, and since the process-
ing elements are basically memory elements, it seemed
logical to arrange them in a cubic form similar to
usual core memory systems. Hence, it is proposed that
each processor element be arranged in a linear fash-
ion, and that a number of these elements be formed
side-by-side to compose a plane of processing ele-
ments. These planes may then be stacked to the de-
sired height to compose the array of processing ele-
ments.

Like any memory system it is necessary to have suit-
able auxiliary equipment to address particular ele-
ments and to write-in or read-out the data stored in
each element. In addition to these items it is also nec-
essary to have means to effect the computation cycle.

Figure 5 shows a skeleton view of the proposed ar-
ray processor. The “Y"” address register is used to se-
lect the particular plane of the array containing the
desired element. The “X” address register then selects
the processing element from the line of elements on
the plane. Finally, the read-write unit inserts or re-

Point Iteration Method ILine Iteration Method Array Iteration Method

a b c. d ave a c d ave a b c d ave
Commencement | 0,000|0,000(0,000{0,000/|0,000 | ©,000{0,C00{0,000(0,000{0,000 | ©0,000{0,000|0,000{0,000{0,000
1 Iteration | 0,500/0,625{0,625/0,813|0,641 | 0,500|0,500(0,625{0,625|0,563 | O,500{0,500|0,500|0,500{ 0,500
2 Iterations | 0,8130,907{0,907|0,954|0,835 | 0,783|0.783(0.852{0,852{0,818 | 0,750|0,750|0.750{0.750|0.750
3 Iterations | 0.954|0,977{0,977|0,989|0.974 | 0,909|0,909|0,940|0,940{0,925 | 0,875{0,875|0,675|0,875|0,87S
4 Iterations | 0,989|0,935|0,995|0,9968{0,994 | 0.862}0,962|0,976|0,976(0,969 | 0.,938|0,938(0,938/0,938|0,338
5 Iterations | 0,998)0,999(0.,999|0,999{0,999 | 0,985|0,985(0,990/0,990(0,988 | 0,969)0,969|0,969{0.,963|0,969
6 Iterations - - - - - 0.994)0,9%4|0,996|0,996| 0,995 0.985>D.985 0,985/0.985|0,985
17 Iterations - - - - - 0.,998|0,998{0,9990,5990.,999 | 0,993|0,993|0,993| 0,993} 0,993
8 Iterations - - - - - - - - - - 0.997|0.,9970.,997|0.997|0,997
9 Iterations - - - - - - - - - - 0,999{0,999|0,999|0,999{ 0,999

38

Table | Comparison of various iteration methods.
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moves data from the processing element.

The processing element which will be described in
detail later operates serially-by-bit as a shift register.
Figure 5 shows a shift driver to be used to perform the
computation cycle; a clear driver is also shown. This
unit has the capability of clearing the entire array
of memory elements simultaneously, thus preparing
the processor for a new problem.

In its original conception this processing unit was
planned for use as an auxiliary unit to a general pur-
pose computer. Since then it appears that the proc-
essor could be operated with relatively simple control
equipment and the inevitable input-output facilities.
Thus, the processor would be suitable as a special
purpose computer which, with integrated circuits,
could be made relatively small with respect to the
input-output equipment.

THE PROCESSING ELEMENT

The heart of the array processor is the processing
element. Since there must be many of them in any
useful array, the circuitry has been reduced to a mini-
mum. The required components are a natural for
integrated circuitry. It is to be expected that advances
will be made in the art of large scale integration so
that 100 processing elements could be formed on a
single sheet of base material. In this case 100 such
sheets would compose the entire array processor.

Referring to Fig. 6 it is seen that the processing ele-
ment is composed of N+41 memory elements arranged
as a shift register. N is the number of parallel data
bits that the processing element is capable of han-
dling. One isolated bit, the “0” bit, is used to set the
mode of operation of the processing element. If a
zero is written in “0” the element will compute, and
if a one is written in “0” the data will recycle un-
changed.

Data is entered into the processing element in par-
allel through the set (s) terminals of the memory
elements. Read-out is accomplished by observing the
“1” terminals.

Each iteration cycle consists of N -+ 1 pulses ap-
plied through the shift input terminal. Consider first
the operation of the element when a one is in mem-
ory element “0”. This one enables the Hold AND
gate to pass information at the output of memory ele-
ment “1”. This information from ““1” then becomes
the input for N+41.and after N 4 1 shift pulses re-
appears at “1”. The OR gate between N-L and N
passes this information without interference since the

D

Fig. 5 Skeleton view of proposed ‘‘array’’ computer.
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Clear (Every Clear (Every new problem)
N iteration)
7 r AND T
"Hold" 4-BIT
—‘[1 Delay Hl Delay ]'7' AND 0
ADDER
AND B
O Shift "Compute” R

Fig. 6 Logic diagram for memory and compute circuitry for typical array point ‘‘word".

39



Compute AND gate is inactive. This condition of
operation is used for all boundary points of the array
to be computed. It also is the operating condition for
all elements. external to the boundary points of the
array. :

Reconsider the operation when “0” contains a zero.
The Hold AND gate is now disabled and data output
from “1” goes only to the output terminal of the
processing element, indicated by the black dot of the
output terminals. The Compute AND gate is now
enabled allowing the output from the 4-bit adder to
be entered into the memory elements. The subsequent
AND gate, however, is not enabled until the third
shift pulse occurs. Thus, the first two bits out of the
4-bit adder are lost and only N—1 bits are entered
into the memory elements. This technique effects the
division by 4 that is required to process the sum of the
4 adjacent bits to the processing element under con-
sideration. Note that there are only N—1 active bits
of data whereas there are N - 1 shift pulses used to
perform the operation. This is necessitated by the
divide-by-four factor in the calculation. Also note that
the N and N41 memory elements can only be set
to one when they are used in the Hold mode and then
only by the shifting ones. Since these two memory
elements never contain ones at the completion of a
compute cycle, they do not interfere with the accuracy
of information transmitted through the OR gate in
the Compute mode of operation.

Initial Values . Key Final Values
x.xx | 0,00({=3,00} x.,xx x|al]lb| x x.xx | 0.00(=3.00 | x.x7}
2,00/ 0,00 0.00}=2,00 cl{ale| £ 2,00 1.25]~1.25 |-2,00
x.xx | 3.00( 0.00| x.xx| x| g|h|x x.xx | 3,00]| 0.00| x.x3]

zlels]alalz]1]0 7]e6[s[a]3]2]1]0o

a |0|0jljoflojojold a|l 0|lojlf{ojojof@O
bl ojolololafo[o]) bl ololojlojilala
elolojrfijojolold el 0jof1]1]l0fO}QO
4 lolojljojojojojo djojojifojil]lojl}oO
e | 0|0jljofo[0|0O]DO el 0jojojllof1i1lo
flojoloj1rjojofof] flolofojr[ojojofl
glojol1l1]1j0f{ail glojof1{1f1]jojoil
h[o[o[1[plojojoj1 h] 0[0[1]0j0[0[0f1

Start Finish

716 ajaj2l1]o 7lelslalal2f1lo
alojolojljolofo]ll al 0{1j0|0j0i0jO]1
b {ojojojojoj1l0]1 bl ojojoj1]joj0jOll
c | 0]O0|@O 1/0/0]1 cj 0fj1j1]jojoj0O]J0O]1
d jojojo ojojo]o d|o0jojojl1fof1fo]joO
e | 000 gjojojo e| 0DjO 0[1f1]ofQ0
fi10/0]l010]1}0!l60 f{0]ao ojofoJo]1
glololojr{1[1]0 g1 0]1 1]clojo]1
hlolojoji[olo(oO h]o0j1]o0joj0]0]0O]|T

Shift 1 Shift &
7|6[sf{4f[a]2]10 7]slslalalz2[1]0

a |l 0/0jolofl]oj0 alljolofojojojoll
bl 0O ojojlolopl bi{ ojfoflfjofO0[0O 1
clololola 10 c|1[1]ololojo 1
alolololol1lolol®e alofolalolifo 0
elololololafololo e| 0lojolr[1lol0]0
flololololola]ol1 flolilojojololol1
g1 0]0]lOojof{1{1|3]1 gllf1f{rlofofojof1
hjoOJoJoJol1]olof1 h|1|0[0[0j0]0]0]T

Shift 2 Shift 5
7l6islal3l2]1]0 7{e|sl|al3]2[1]0
alololojolollfOfd a| ojojofofofjol1l}1
bli(ofololofofal1 bl ojalojojcleloll
c| OlOjloi{olO]|2]] el llojofojo]o

41 0{0!1)0}10Q[1i0]0 d| ojlojofijojo 0
elololalolof1]o]o e| olol1[1]alo 0
f|l|olojojpojlojol1l f£| 1]0|/ojojojojofl
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Shift 3 SRITT 4

Table Il Tabulation of shift register contents during

one iteration.
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It is interesting to consider the 4-bit adder for a
moment. This device can produce two bits of carry
pulses subsequent to the latest data entry. Because of
this fact it is necessary to provide two zero pulses after
the active bits of data have been shifted. The circuit
shown enters these carry bits in N-1 and N-2 cells.

In order to give one a feel for the performance of
the shilt registers during an actual calculation, Table
II shows the actual contents of the various memory
cells during each step of the calculation. An extremely
simple array of 3 x 4 elements having eight active
processing elements was chosen for illustration.

The initial values of the contents of each processing
element are shown in the upper left diagram. The
values obtained after a single iteration are shown in
the upper right diagram. The key to the tabulation
is shown in the upper center diagram.

The processing elements are N = 6 type and have
seven active bits for computational purposes with one
extra bit for Hold or Compute control logic. The “O”
bit is used for control purposes.

The bit in the “5” position is used for sign informa-
tion and is a one for positive. numbers and a zero for
negative numbers. When the zero occurs the number
is represented in complement form. The mathemati-
cal background for this unconventional notation is
given in the next section.

The bits in the “6” and “7” positions are always
zero at start and finish. To assure that this is so each
iteration begins with a clear pulse to these memory
elements. These elements will change to ones during
the Hold cycle as required to propagate the binary
number information. During the Compute cycle these
bits provide the zeroes necessary to allow the two
carries from the four-bit adder to enter the memory
elements unaltered.

For ease in comparing the decimal values of the
array at start and finish, the tabulation starts in the
upper left and progresses downward to the bottom
of the page, thence to the bottom right of the page
and upward to the finish.

For this example bits in positions “3” and above
represent whole numbers and in positions “1” and “2”
represent fractions.

MATHEMATICAL ANALYSIS

As indicated previously this processor employs the
fixed point binary system of notation. The sign bit
occurs in the highest order position. A one is used to
denote positive numbers and a zero represents nega-
tive numbers which are expressed in complement
form.

In mathematical notation any number may be rep-
resented as:

2232083 . . . A - - - o a, (8)
where a, is the sign bit and a,....a; are the binary
representation of the whole part of the number and
ay....a, are the binary representation of the frac-
tional part of the number.

Any positive number may then be described by the
formula:

X = 2} (1 + ﬁ:l 2-i ai> )
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and any negative number by the same expression with
the sign reversed, where the summation is the positive
representation of the number. The effect of this nota-
tion is that every number used in the computation
has added to it 2J. A positive number thus is repre-
sented by a number 2! greater than the desired num-
ber and a negative number is represented by a num-
ber equal to 2! minus the desired negative number.

Now consider a set of numbers X;,Xo,X3,Xs where
—1=xi=l.

These numbers may then be described by the formula:
Xi=14+x (10)
which is the machine notation used in the processor.
Entering these four numbers in the processor results
in :
X1 + Xo + X3 + X4
being represented by
X1 + Xo 4 X3 + Xy
= (14 %)+ (1 4%) + (1 + %) 4 (1 + %)
=4+ (X1 + X 4 X3 4 Xy)
After the addition is performed a divide-by-four
operation occurs so that

X1+Xw+Xg+X4_1+X1+Xo—|—Xg+X4

4
(1)
which is the machine notation for the arithmetic
mean of

X1, Xo, X3, Xy

The following lemma with its proof is applicable to
this operation:

Lemma: If x,, Xa, Xg, . . . . X, are real numbers with
an average A = (X; + X2 + X3 + . ... X,)/n, and if
B is any real number, then A 4 B is the average of

the numbers x; + B, x, + B, x5 + B,.....x, } B.
Proof: (x; 4+ B) + (%o 4+ B) + .. ... 4+ (X, + B)
n
=X +Xo+Xg4...... -+ x,) + nB

n
=A+nB/n=A4+B QED.

In the preceding discussion, a system is illustrated
in which positive numbers are represented by a one
in the most significant bit position and negative num-
bers by a zero in the most significant bit position,
using, of course, the complement representation of
negative numbers. This results, as has been shown, in
the machine notation for the average of four numbers
to be consistent with the machine notation for each
of the numbers entered into the machine. Thus it is
possible to perpetually reiterate the machine compu-
tation without giving any consideration to whether
the numbers are negative or positive for they will al-
ways be in the correct notation whether negative or
positive. Zero, in this system, will always be repre-
sented as a positive number.

Consider now the customary system in which a zero

represents a positive number and a one represents a

negative number. This results in the following condi-
tion:

If x = 0, let x represent X

If x < 0, let 2 - x represent x

Further consider that there are four numbers which
are to be averaged, x; and X, which are = 0, and x;
and x, which are < 0. The machine notation for

these numbers then is:
X; = X15Xe = Xp; X3 =2 4+ Xg;and xg = 2 4+ x4

The machine average of these four numbers then is:
1+ (X1 4 Xo 4 X5 4 %) /4 (12)

which is not interpretable as 2 4 Sum/4 (negative)

or Sum/4 (positive). Thus it is seen that the custo-

mary notation does not lend itself to the automatic

reiteration process.

THE FOUR-BIT ADDER

A block is included in Fig. 6 labeled 4-bit adder. This
device has as its function the binary addition of four
bits of information simultaneously. Such a unit used
in conjunction with the divide-by-four circuitry men-
tioned previously very effectively accomplishes the re-
quired computation. The four-bit adder is an exten-
sion of the work done by Watson on a three-bit
adder.!® The circuit is shown in Fig. 7. Inputs to the
adder are obtained from the four terminals, “R”, “B”,
“T” and “L”. These data come from the outputs of
the right, bottom, top and left adjacent processing
elements respectively.

The four-bit adder is composed of three full-adders,
a half-adder, and three units of delay. One output is
provided.

In operation the adder unit requires that two sets
of zero bits be introduced subsequent to the addition
of the regular data bits. This allows the -carry and
sum outputs from the lower full-adder to appear in
the output in their proper arithmetical positions.

It has not been mentioned previously but it should
be noted that data is processed through the shift regis-
ter and the adder unit with the least significant bit
first.
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Fig. 7 Four-bit adder.
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A study of the circuit of Fig. 7 will reveal that any
single input will cause an “s” output from one or the
other of the top full-adders and an “s” output from
the half-adder. Two inputs will produce either a *“c”
output from the right top full-adder or two “s” out-
puts from the top full-adders, either case producing
an “s” output from the left lower full-adder, with the
effect of a carry to the next more significant bit. Three
inputs will produce an “s” and a “c” from the top
full-adders resulting in an “s” output from the half-
adder and an “s” output from the left lower full-
adder, having the effect of a one in both the immedi-
ate bit and the next most significant bit. The one re-
maining case of four bits results in an “s” in the top
left adder and both an “s” and a “c” in the top right
adder, ultimately producing two inputs to the lower
left full-adder, a “c” output which effects a carry to
the second more significant bit. Further perusal will
show that the carries will add in correctly to produce

the desired results.

INTERCONNECTIONS

It is beyond the scope of this work to detail all of the
interconnections required to make the system oper-
able. Of special interest, though, is the simplicity with
which the connections may be made to interconnect
each processing element to the four adjacent elements
to provide the input that the adder requires to ac-
complish its computation..

Figure 8 shows how a printed circuit board might
be laid out to accomplish this task. The outputs from
each array point are shown by the black dots. Inputs
to the 4-bit adder associated with each array point are
located at the two terminals on each side of the out-
put terminal. The sketch shows clearly how each
array point distributes its data to the four adjacent
array points and also how an array point receives its
data from the adjacent array point outputs.

A layer of 100 processing elements in a row would
then have its 500 connections completed by a circuit
board as shown.

While not attempting to detail all of the intercon-
nections it may be well to note several sets of con-
nections that will be necessary in order to make the
system operable.

With reference to Fig. 5, the following interconnec-
tions are required:

a. The Shift-Driver must be connected to provide
the shift signals to every processing element.. The
driver must also be designed to provide exactly
N -+ I pulses for every iteration. A space equal to at
least two pulses is also required between iterations to
clear the shift pulses through the delay units in the
divide-by-four circuitry (Fig. 6).

b. The Clear-Driver must be connected to each and
every memory element to enable complete zero-setting
prior to the performance of any calculation.

c. The X Address Register and the Y Address Reg-
ister need appropriate connections to the vertical and
horizontal lines of computing elements respectively.
This might be done by a printed circuit board with
horizontal conductors on one side and vertical con-
ductors on the other side. Each processing element
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would then be connected to the appropriate x and
y conductors. Simultaneous signals on both conduc-
tors would activate an AND gate to ready the process-
ing element for write-in or read-out of information.

d. The Read-Write unit requires connections to all
of the “0” memory elements from its “0” read-write
element. Likewise, each of the read-write elements
must be connected to all of the corresponding memory
elements. Appropriately connected AND gates all any
processing element to be selected.

THE PROCESSOR IN OPERATION

The steps to be followed in solving a boundary-value
problem using Laplace’s equation in two dimensions
are as follows:

a. Operate Clear Driver. This operation clears all
of the memory elements in the processor. The proces-
sor is now ready to receive data for the problem to be
solved.

b. Write-in boundary values. Using the X and Y
address registers and the Read-Write unit write-in
N-1 data bits for each boundary processing element.
Write-in a one for the “0” memory element. This puts
the data into the machine ready for computation and
assures that the data will not be altered in the process
of the computation.

c. Set exterior elements to Hold mode. Since proc-
essing elements exterior to the boundaries will not
enter into the computations their “0” mode bits must
be set to one so that they will hold their zero values
throughout the computation period.

d. Compute. In this step the Shift-Driver is caused
to operate, providing N - 1 pulses for each iteration
separated by the space of at least two pulses. This
cycle may be repeated as many times as is required to
attain the desired accuracy of final result.

e. Check accuracy of results. This is accomplished
by interrupting the compute cycle at appropriate in-
tervals and reading-out a selected set of values at the
points being computed. These values are then com-
pared with previous values obtained for the same
points. When the values no longer change a solution
has been reached. In general, no-charge will be taken
as a change less than stipulated minimum value.

f. Read-out computed data. Having operated in the
Compute mode a sufficient number of times to attain
the desired accuracy of results, all that remains is to

Fig. 8 Section of possible printed circuit interconnection
board.
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read-out the data. This is done by addressing the
proper processing clements and operating the Read-
Write unit in conjunction with the selected output
device such as a printer, plotter or tape unit.

Several operational considerations should be noted
in connection with the logic employed in the circuitry
presented here. The system will handle negative as
well as positive numbers with equal facility. If it is
desired to use both types of numbers the simple ex-
pedient of using the highest order digit as a sign digit
and expressing negative numbers in twos-complement
form renders the system operational. It should be
noted that the divide-by-four circuit makes it necessary
to represent positive numbers with a one and nega-
tive numbers with a zero. Thus done, the circuit per-
forms the required calculation without error, the
binary ones automatically giving the sign and magni-
tude of the mean of the four points surrounding the
array point being computed.

Another point of interest is that the system never
can perform a computation resulting in an overflow.
This is the natural consequence of the fact that the
equation being solved can have no values greater than
the maximum positive boundary value and no values
less than the minimum negative boundary value.
Thus, data capable of causing an overflow would be
detected prior to being loaded in the array processor.

CONCLUSIONS

Certain types of problems such as the numerical solu-
tion of partial differential equations do not lend
themselves to economical solution on general purpose
uniprocessor computers. This has led to the expendi-
ture of large sums of money for the development of
parallel processing machines such as soLomMoN and
ILLIAC 1v. 1BM has pushed the state of the art in their
System 360/91 which can handle over a billion bits of
data per second, thus placing them in an excellent
position with respect to parallel processors in the com-
puter field. This computational speed is, however,
rapidly approaching a limit for uniprocessor tech-
niques.

For comparison with a general purpose computer
it is noted that the techniques required to load the
memory of either computer, the general purpose com-
puter or the computer described herein, are much the
same. Both could be loaded by parallel data bits from
magnetic tape. The loading time and the unloading
time would both be much the same and alike for both
machines. The difference in speed would show up in
the array computation. This machine has the capa-
bility of handling 500 bits of data per second using
components rated for 50 MHz operation which are
readily available, assuming an 100 x 100 array. Thus,
for the computing phase of the operation over two
orders of magnitude improvement in computing speed
have been realized over an optimized general purpose
computer. The system as described could readily be
extended to larger array sizes to attain still higher
speeds.

In this study of array processing, limits were defi-
nitely set on the flexibility of the unit. This has re-
sulted, for the moment, in a system which is strictly

single-purpose. Doing this has made it possible to ex-
ploit a number of extremely efficient computing tech-
niques: the four-bit adders for each array point, the
divide-by-four oper_ation performed by a dual shift,
and the use of the memory actually as computing reg-
isters, thereby making possible the mass withdrawal
of information from the memory and restoring it to
memory.

The system as described would be bulky and un-
doubtedly quite expensive if it were to be constructed
of the usual components or even customary integrated
circuits. Since all of the basic processing elements are
identical, production economics would be expected.
Further, large scale integrated circuits are approach-
ing reality, which would mean that many of the proc-
essing elements could be fabricated at one time, per-
haps the 100 elements required for a single plane so
that 100 such planes could be stacked to provide the
total array. Thus, immediately forseeable improve-
ments in the state-of-the-art will make the system as
described quite feasible.

Undoubtedly, as is usually the case, others will de-
sire greater flexibility. Further study will probably
show that some additional flexibility may be attained
by rather simple modifications.
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Digital computer reliability can be enhanced
by circuit redundancy. Several techniques
for accomplishing this are discussed in this article.

INCREASING RELIABILITY OF
DIGITAL COMPUTERS

This article surveys various techniques that have been
developed to increase the reliability of digital com-
puters by adding redundancy to their circuitry. A
historical survey of the impact of evolving circuit
technology on the use of redundancy is followed by a
discussion of two important topics in redundancy
application, concluding with a critical review of sev-
eral techniques.

Early digital computers were constructed with relays
which caused great emphasis to be placed on self-
checking and self-correcting logic designs due to the
very high intermittent failure rate of these devices.
This emphasis continued when vacuum tubes replaced
the relays in digital logic circuits.

The second generation of computers heralded the
introduction of transistorized circuitry. The transistor
has no inherent failure mechanism as does the vacuum
tube; therefore, when the transistors with manufactur-
ing defects have been removed from the computer, it
should operate with a very low failure rate for an
extended period. Experience has borne out this expec-
tation. Because of this greater reliability, the second
generation of digital computers brought with it dimin-
ished emphasis on redundancy techniques, although
basic theoretical work continued.

The third generation of computers features the use
of hybrid and integrated circuits for logic functions.
These circuits greatly reduce the number of wired
interconnections that must be made in a computer,
further increasing reliability over discrete solid-state
circuits. And along with these new, more reliable cir-
cuits has come increased emphasis on redundant de-
sign techniques. This has resulted primarily because
of two applications that require reliability levels that
cannot be achieved with nonredundant designs—
on-line commercial processing and deep-space explora-
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tion. On-line commercial applications require process-
ing of requests for service as they arrive; if failures
occur, processing must continue while repairs are
being made. In deep-space applications, the computer
must maintain a specified level of computing capabil-
ity with a high probability over an extended period
without direct human intervention.

REDUNDANCY APPLICATION

Techmques for redundancy application can be classi-
fied into two broad groups, signal redundancy and
hardware redundancy.? Signal redundancy is the prac-
tice of adding redundant information to signals that
are manipulated or stored within the machine. Hard-
ware redundancy is the addition of redundant circuits
to process signals without changing the structure of
signals themselves. Each of these categories can be
further subdivided into “on-line” and “off-line”. If the
redundant circuitry functions during normal opera-
tion of the computer, the redundancy can be called
on-line. If the redundant circuitry does not function
during normal computer operation, the redundancy is
said to be off-line. This use of these terms originates
with this article.

Before reviewing particular redundancy-application
techniques, two important topics in redundancy appli-
cation must be considered—the level of application and
stratification.

Level of Application

Redundancy can be applied at various levels; the
level of application greatly influences multiple-failure
vulnerability. Consider as an example the technique
of duplication. As shown in Fig. 1a, let M be a non-
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redundant computer composed of modules M1, M2,
and M3. Because M is nonredundant, any single fail-
ure in M1, M2, or M3 will cause the computer to fail.
Suppose now that M is duplicated at the system level,
as illustrated in Fig. 1b, by the addition of a duplicate
machine M’ which is constructed of the modules M1/,
M2/, and M8 (for simplicity, ignore the problem of
selecting the correct output). No single failure in M
or M’ can now disable the system. Further, no multi-
ple failure in M alone or in M’ alone will cause system
failure. Any single failure in M plus any single failure
in M, however, will cause system failure. .

Now let M be duplicated at the module level, as
shown in Fig. lc. The same amount of additional
hardware has been added; however, the selection of
correct outputs now occurs at the module level. The
system is now invulnerable to all single failures and
all double failures except simultaneous failures in M1
and MI’, M2 and M2/, or M3 and M%’. Thus, chang-
ing the level of application of redundancy has vastly
increased the computer’s tolerance of multiple failures.

It might seem, therefore, by a straightforward extra-
polation of these arguments, that component-level re-
dundancy would be the ideal level of application;
however, this is not the case. In the discussion above,
the problem of selecting the correct output was
ignored. In practice, however, performing this func-
tion requires additional circuitry. As the level of
application lowers, the amount of circuitry perform-
ing this selection process becomes greater, relative to
the size of the modules that comprise the machine
itself. Therefore, after a certain point, the reliability
of this selection circuitry begins to dominate the re-
liability of the computer. Thus, the optimum point
for level of application lies somewhere between the
component and system level. The techniques of re-
dundancy application discussed later in this article
will illustrate some choices of level of application that
have been made.

Stratification

The second general topic in redundancy application
discussed in this paper is stratification. A machine is
said to be stratified if there exists at least one circuit
whose operation is not checked by some other circuit.
The circuits of a stratified machine, then, can be clas-
sified into strata—checked and unchecked. An unstrati-
fied machine contains only checked circuitry. Diag-
nostic programs often assume that some portion of
the machine is failure free; this is usually called the
hard core. The hard core assumption is sometimes
justified by constructing that portion of the machine
from ultra-reliable components, or by making that
portion of the machine more redundant than the rest
of the machine.

REDUNDANCY APPLICATION TECHNIQUES
Signal Redundancy

As mentioned earlier, signal redundancy is applied by
adding redundant bits to information that is stored or
transferred within the computer. The redundant in-
formation can be used to detect or correct errors.

>  — M1 [ M2 - M3

(a) NONREDUNDANT MACHINE

M1 M2 M3

M1’ »{ M2' »{ M3'

(b) SYSTEM-LEVEL DUPLICATION

M1 > M2 M3

Mt Mm2' M3’

(c) MODULE-LEVEL DUPLICATION

Fig. 1 Level of application.

These techniques were originally developed for use in
noisy communication channels;2 their use in com-
puters has been confined mostly to those areas of the
computer that are similar in error characteristics to
models of the communication channel that have been
used for the derivation of the various codes.

Hamming Distance

In discussing the characteristics of binary codes, the
concept of Hamming distance is useful. The Hamming
distance between two code words is defined to be the
number of positions in which the two words differ.2
For a code to detect up to d errors in one word, the
Hamming distance between the two least distant words
of the code (the “minimum distance”) must be at
least d-+1. This is apparent from the definition of
Hamming distance; if the minimum distance of a code
is d41, no error in d or fewer positions can make
the two least distant code words identical, since by
assumption these two words differ in at least d--1
positions,

If error correction is to be performed by a code,
then correcting d errors requires a minimum distance
of 2d+-1; if a code word with d errors is received, it
will be distance d from the correct word and at least
distance d+1 from every other word of the code, en-
abling the selection of the correct code word.

Magnetic Storage Devices

Two applications in digital computers that resemble
certain models of communication channels are mag-
netic storage devices and information transfer. The
two main types of magnetic storage media, ferrite core
and magnetic oxide, have different error characteris-
tics. Core memories occasionally suffer errors in one
or two bits of a word due to noise or marginal circuit
performance; on the other hand, errors in oxide layer
storage devices are often due to flaws physically great
enough to cause several simultaneous errors. Thus,
single parity checking is often used for core memories,
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while double parity checking, a minimum distance
three code, or various burst codes capable of detecting
bursts of errors, are used for oxide-film storage devices.
In more recent computers, the quality of magnetic
recording media has reduced error rates so much that
double parity checks are usually sufficient for error
detection, eliminating the need for the use of the
inefficient burst codes.

Information Transfer

The second major area of application of binary coding
in digital computer design is in information transfer
between the central processor and various input/out-
put devices. These transfers are subject to random
single-bit errors caused by noise, very nearly approxi-
mating the ideal binary erasure channel. For this
application, single (or occasionally double) parity
checking is usually used to give single- (or double-)
error detecting capability.

There are several reasons why error-correcting codes
have not found wider application in digital com-
puters. Some of them are:!

1. The most probable types of error in a digital
computer are not the same as for a communication
channel. In particular, if an error in a digital com-
puter was due to a circuit malfunction, it is very likely
that another error will occur in the same bit of the
word at another time.

2. Most binary codes are not compatible with arith-
metic operations.
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3. Coding and decoding schemes developed for com-
munication codes do not allow for errors in the coding
and decoding circuits; the computer application re-
quires that this be taken into account.

Hardware Redundancy

In contrast to the signal redundancy techniques dis-
cussed above, hardware redundancy adds redundant
circuitry to the computer without changing the char-
acteristics of the information transfer and storage
within the machine. Thus, the word length of the
computer is not increased by the use of hardware
redundancy; each word may be processed by more
circuitry.

Applications of hardware redundancy generally fall
into two categories: spare switching and masking.
Masking uses the correctly-operating neighbors of a
faulty element to continue correct operation; spare
switching replaces the faulty element with an identical
spare. Both masking and spare switching have been
applied at various levels.

Spare Switching

Spare switching techniques consist of two separate
operations; locating the inoperative module and
switching in its spare. Adequate methods have been
developed for testing combinational circuits; one
example of these was described by Maling and Allen.3
A combinational gate of n inputs can be tested in this
way by the application of a sequence of n+-1 inputs;
Fig. 2 illustrates the method for gates of 3 inputs. For
the AND gate, the sequence of inputs shows that any
single input can turn off the output, and that the
output is on if all inputs are on. Fig. 2a shows the
sufficient tests for an AND gate; Fig. 2b, the unneces-
sary tests for this gate, along with the correct outputs
for each test. It is interesting to note that, because of
De Morgan’s Law, the unnecessary tests for the OR
gate are the necessary tests for the AND gate, and vice-
versa. Maling and Allen also showed that combina-
tional circuits of any number of gates can be tested
by input sequences of this kind, provided the circuits
contain no redundancy.

Unfortunately, no method as simple as the one de-
scribed above has yet been developed for testing
sequential circuits.® The methods that have been de-
scribed in the literature usually lead to tests of im-
practical length, or require excessive amounts of
additional hardware to perform the checking. If a
satisfactory method for checking sequential circuits is
devised, spare switching will become a much more
attractive method of adding redundancy to computer
design.

An example of spare switching at the circuit level is
the technique developed by Cole and Zimmerman.4
In this technique, the spare unit is also used for fault
detection by comparison with the primary unit, as
shown in Fig. 3. When the comparator signals an un-
equal compare between signals A and B, processing is
halted, and execution of diagnostic programs is begun.
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If the diagnostics indicate improper operation, then
the primary unit has failed, and the switch on the
output is thrown. If the diagnostics find no error, then
the failure was either the spare circuit, the comparator
circuit, or a transient error of the primary circuit; a
message to the repairman is printed. This approach to
spare switching is practical if maintenance is avail-
able. The diagnostic program does not have to per-
form fault location, since the comparator has located
the fault. This approach to reliability enhancement
provides substantial increase in reliability at minimal
cost in additional circuitry.

An example of spare switching at various levels is
the Variable Instruction Computer developed by

RCA.5 Within the processor, switching is at the mod-

ule level; in the memory, switching takes place at the
system level. The computer is called “variable-instruc-
tion” because these three characteristics of an instruc-
tion are varied in response to failures within the
computer:

1. source of information for the operation;

2. sequence of operations performed on the informa-
tion;

3. destination of the results.

The memory contains instructions that are actually
macro-instructions; each one specifies a sequence of
micro-operations. In case of some failure in the proc:
essor, the parallel arithmetic unit is arranged in par-
tial-word modules so that operations can be performed
by using the part of the circuitry that still operates,
and shifting the operands and results approprlately
When a failure occurs, a degraded micro-instruction
sequence can replace the original; in this way, the
execution of an instruction can actually change in
response to system changes.

The memory unit of the VIC is duplicated; the two
modules are completely independent, including their
power supplies. All memory accesses are normally
performed from the primary memory module; how-
ever, storage operations are performed in duplicate
on both modules. If a parity error is detected on a
fetch from the primary module, then the fetch is
transferred to the spare module. This spare switching
technique is practically identical to the method of
Cole and Zimmerman adescribed above, except that
the redundancy has been applied at the system level
instead of the module level. The basic elements of
Fig. 3, namely the duplicate modules, comparator, and
switch, are present in this scheme; each memory mod-
ule corresponds to a logic module, the comparator
function is performed by parity check, and the switch
is implemented in the processor.

Masking

Masking techniques use the properly-operating (re-
dundant) neighbors of a faulty device to mask its
errors. The first use of masking techniques applied to
computers is due to Moore and Shannon?; they sug-
gested that networks of relays be used to perform with
greater probability of correct operation than a single
relay. Because each device of a semiconductor circuit
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does not have the same failure probability in a circuit
with other semiconductor circuits that may also fail as
it does alone, and since individual semiconductor
devices are not subject to the high dynamic failure
rates of relays, these techniques of component-level
masking have fallen into disuse, and are not discussed
at any greater length in this article.

The form of masking generally in use today was
described originally by von Neumann?. He described
the use of multiple copies of a circuit, each receiving
identical inputs; the resultant output of a majority of
these is assumed to be correct. Von Neumann pointed
out that there could be an arbitrary number of re-
dundant circuits and voting circuits. Figure 4 illus-
trates triplication of machine O with duplication of
voting circuits M.

Tryon further developed von Neumann’s basic idea
in his development of quadding®. These three prin-
ciples form the basis for quadding:

1. All logic appears in quadruplicate

2. Every error is corrected just downstream of the
fault that caused it

3. Correction is accomplished by good signals from
neighbors of the faulty unit.

Figure 5, which shows the protection of a circuit by
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quadding, illustrates how these ideas are implemented.
Although the circuit is trivial, consisting of two single-
input AND gate in series with one single-input OR
gate, its complexity is sufficient to illustrate this tech-
nique. The example shows an error in the first AND
gate; this propagates to two errors through the OR
gates, and is then corrected by the correct signals in
the final stage of AND gates.

_Tryon points out that quadding can be derived
from von Neumann’s original scheme of replication
and majority voting if the replication and voting cir-
cuits are all quadruplicated and then the logic of
individual gates and the logic of the majority voters is
merged wherever possible.

Another interesting masking technique is due to
Russo®. This technique uses a minimum distance
three state assignment to design a counter that is in-
vulnerable to any single failure. If the states of the
circuit are considered as code words, any word with an
error in a single position can be associated with the
correct word, as pointed out in the discussion of
Hamming distance that appears earlier in this paper.
Russo restricts the possible class of single failures by
making a few assumptions that limit “single failures”
to failures that produce an error in only one bit of
the state-word; he then shows a design technique to
perform the correction when an error occurs.

COMPARISON OF SPARE SWITCHING AND MASKING

The advocates of spare switching and masking both
claim superiority for their methods. An attempt is
made here to present and objectively evaluate their
claims.

A redundant system using masking will continue
operating without interruption unless there is some
catastrophic failure of the system; spare-switching is
a time-consuming process, because of the difficulty of
fault diagnosis and location. The masked machine has
no need for any kind of diagnosis during operation;
the redundant protection is always operating, and will
function to remove transient errors. Further, a system
using masking is unstratified; every part of the ma-
chine is checked.

On the other hand, spare switching also has certain
advantages. Power consumption of the redundant
system can be reduced by supplying power to the
standby units only after they have been switched into
the circuit; this practice also reduces the failure rate
of the standby eircuits, because power-off failure rates
are much lower than power-on failure rates for semi-
conductor circuits. Spare switching also avoids the
reduction of circuit tolerances produced by the in-
creased fan-in and fan-out required of circuits for use
in a system protected by masking. Theoretically, a
system using spare switching will operate properly if
one copy of each circuit operates correctly; a masked
system can fail and still have embedded within it
enough properly operating components to form one
whole machine.

Thus, both techniques have their advantages. One
practical problem, debugging, is a handicap to the use
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of masking; it is very difficult to determine whether
all the components of a system protected by masking
are operating correctly. Usually the difficulty is re-
lieved to some extent by placing the several copies of
the system on separate power supplies, so each can be
checked out individually. This still leaves substantial
difficulties connected with the interaction of the vari-
ous copies of the system.

The problem of pre-mission verification ascribed to
masking has its counterpart in spare switching in the
diagnosis problem, as discussed above. Therefore,
neither method of redundancy application is clearly
superior, and a choice must be made for each applica-
tion, with consideration for the various constraints
involved. In general, where manual maintenance is to
be performed, spare switching is to be preferred; the
system with spare switching can be repaired by re-
placing faulty components while they are switched out
of the system. The masked system will not indicate a
circuit failure until the whole system has failed. If
no maintenance can be performed, the choice of a
redundancy scheme would seem to depend on the de-
tails of the mission of the computer.

CONCLUSION

What, then, is the future of redundancy techniques?
Today the cost of the logic circuitry of a computer
represents less than 209, of the cost of the system.
Doubling this cost to achieve a reliability increase of
hundreds of per cent would not significantly affect the
total cost of the computer system. In fact, it may be
less expensive to build highly reliable computers from
redundant, unreliable, inexpensive circuits than from
nonredundant, highly reliable, expensive circuits.1®
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SERIES 74N

L AMPEREX
DESCRIPTION o ULTRA RELIABLE
... IDENTICAL TYPE

 GATES

SN 7400N

Quadruple 2-input Nand Gate

FJH131 .

SN 7401N

Quad. 2-input Nand Gate (no collector load)

FJH231

SN 7402N

Quadruple 2-input Nor Gate

FJH221

SN 7410N

Triple 3-input Nand Gate

FJH121

SN 7420N

Dual 4-input Nand Gate

FJH111

SN 7430N

Single 8-input Nand Gate

FJH101

SN 7440N

Dual 4-input Nand Buffer

FJH141

SN 7450N

Dual And-Or-Not Gate Expandable

FJH151

SN 7451N

Dual And-Or-Not Gate

FJH161

SN 7453N

Single And-Or-Not Gate Expandable

FJH171

SN 7454N

Single And-Qr-Not Gate

FJH181

SN 7460N

Dual 4-input Expander

FJY101

FLIP-FLOPS

SN 7470N

Single J-K Flip-Flop

FJJ101

SN 7472N

Single J-K M/S Flip-Flop

TFJJ111

SN 7473N

Dual J-K M/S Flip-Flop

FJJ121

SN 7474N

Dual D Latch Flip-Flop

FJJ131

SN 7476N

Dual J-K M/S Flip-Fiop with P and C
HIGHER ORDER FUNCTIONS .

FJJ191

SN 7441N

BCD-Decimal Decoder/Driver

FJL101

SN 7475N

Quadruple Bistable Latch

FJJ181

SN 7490N

Decade Counter

FJJ141

SN 7492N

Divide-by-Twelve Counter

FJJ251

n SN 7493N

4-Bit Binary Counter

" We've eliminated a major cause of failure
in these devices, previously caused by bonding over
steps in the oxide.

For data, write:

Amperex Electronic Corporation
Semiconductor and Microcircuits Division
Slatersville, Rhode Island 02876.
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TOMORROW'S THINKING IN TODAY'S PRODUCTS

CIRCLE NO. 24 ON INQUIRY CARD

FJJ211
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This article discusses the use of redundancy, and in particular,
triple modular redundancy for error detection and fault isolation.

REDUNDANCY

FOR BETTER MAINTENANCE
OF COMPUTER SYSTEMS

A number of articles have been written about the use
of redundancy in aerospace digital computing systems
to improve reliability.! Less attention has been given
to the use of redundancy for automatic error detec-
tion and fault isolation. In fact, many authors have
referred obliquely to the increased maintenance prob-
lem resulting from the adoption of redundant configu-
rations.>

Although error detection and diagnosis are compli-
cated by some forms of redundancy that mask the ef-
fects of component failures, hardware redundancy can
be configured which can simplify maintenance tasks
rather than complicate them. Specifically, the organ-
ization of a digital system into two or more parallel
data paths or channels provides the capability of er-
ror detection by data comparison at related points in
cach channel. Strategic location of these points can
provide an automatic fault isolation capability as well.

ERROR DETECTION

The following paragraphs describe the instrumenta-
tion of specific schemes for automatic error detection
and diagnostic functions in a triple modular redun-
dant (T™MR) digital computing machine organization.
Figure 1 shows the operation of two-out-of three vot-
ing in'a T™MR network. The voter operates as a cur-
rent summer feeding a threshold circuit. Two units of
current from any two of the three channel inputs are
required to operate the threshold circuit.

A failure is indicated in Module 2/Channel 3 by
the dotted output lines from the circuit block. The in-
put set of signals to cach of the following voter cir-
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cuits in all three channels consist of two good signals
(solid lines) and one bad signal (dotted line). Since
the output of each voter is determined by a majority
vote of three input signals, the input signals to Mod-
ule 8 on all three channels are correct. That is, the
effects of a circuit failure in Module 2/Channel 3
logic block have been corrected.

Error detection is provided by placing disagreement
detectors (DD’s) at the channel inputs to the voters.
The detectors compare the channel signals and gen-
erate an error signal if all three channel signals are
not logically identical. A three-input exclusive-OR
circuit will satisfy this function.

DD ERROR SIGNAL | DD ERROR SIGNAL

MODULE MODULE MODULE
1 2 3

CHANNEL 1

:

h 4
g
<

e |
- CHANNEL 2 ——D :’_&)—DA

CHANNELa‘—OI } ;V>—°| I"-'L*"E:)—'I l—'

Fig. 1 'Triple modular redundancy voting.

e —— gt —
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This signal comparison technique provides the fol-
lowing advantages over many other approaches to
error detection:

1. Continuous monitoring of system performance, as
opposed to periodic test problems, reasonableness
checks, or system checkout programs.

2. Monitoring of the partially processed data as well
-as input/output data by means of detectors placed in-
ternally in the system. This capability is used for fault
isolation to relatively low levels of equipment organi-
zation, as in the arithmetic unit of a computer. With
early detection of the error, errors may be prevented
from propagating into critical areas of the system and
causing a system failure or perhaps generating a cata-
strophic command.

3. High confidence in the error detection and diagnosis
functions. Since the effectiveness of these functions de-
pends only on the proper operation of the detection
network and not on prior knowledge of computer ope-
ration (preprogrammed operations), equipment per-
formance tolerances (test problems or checkout pro-
grams), or computer performance tolerances (reason-
ableness or operational checks).

4. Provides an error detection and fault isolation capa-
bility that does not require any interruption of sys-
tem operation.

5. Provides a potential capability to respond auto-
matically to internal and external stimuli by dynamic
reconfiguration to adapt more precisely to specialized
functions or to provide graceful degradation.

DESIGN EXAMPLE

In one computer configuration (Saturn Launch Ve-
hicle Digital Computer), disagreement detectors were
used to monitor the three signal channels at approxi-
mately 170 points in the digital data flow of the com-
puter. The signals were sampled when the input sig-
nals to the detectors had reached a steady-state condi-
tion to avoid false alarms due to slightly different
channel response times. The detection circuit was es-
sentially a logical exclusive-OR followed by an in-
verter driver circuit. The outputs of the disagreement
detector drivers were selectively OR’ed into eleven bit
positions of an error storage register. This stored er-
ror data was used to isolate failures.

Isolation is feasible since the selective OR’ing of
disagreement detectors partitioned the computer into
eleven diagnostic modules. At present, no clearly de-
fined ground rules exist for partitioning electronic
units into diagnostic modules. Logic simulation tech-
niques have been used, to determine the characteris-
tics of failed machines and the nature of error propa-
gation in digital systems. With this information the
detectors may be selectively OR’ed, once the disagree-
ment detectors are optimumly positioned.3

SIMULATION

The logic of the computer was simulated to deter-
mine the effectiveness of the error-detection placement.
The simulator was controlled by a specially written
test program that exercised all computer components
at least once during the program cycle. Of several hun-
dred simulated component failures, less than one per-
cent were undetected by the disagreement detectors
during one cycle of the test program.

Although the detection network operates in paral-
lel with the operational program, a periodic checkout
of the system is desirable, using a special test program
such’ as employed in the simulator to assure that in-
frequently used components are tested. A self-test error
detection program for a redundant computer of mod-
erate complexity would consist of less than a hun-
dred instructions.

FAULT ISOLATION

The disagreement detectors are clocked every like-
clock time, while most of the computer logic is used
periodically under program control. As a result, de-
tectors sense for disagreements between simplex mod-
ules of TMR trios even when those modules are not
being used by the program. Extensive error propa-
gation through the computer tends to be sensed by
many detectors, even though these detectors are not
directly associated with the logic containing the fault;
thus, the source of the error is masked by over detec-
tion.

Despite the over-detection characteristic of the de-
tector network, diagnostic resolution to a replaceable
module level was achieved by storing the program in-
struction and computer time ofsthe first detection of
an error. An analysis of the simulation results showed
that: '

e 53 percent of the failures could be identified by
knowing what disagreement detectors sensed the failed
conditions.

e 41 percent of the failures could be identified by also
knowing the program instruction and computer exe-
cution time.

e 6 percent of the failures could not be identified.

By redesigning and rearranging the disagreement
detectors, a detector network was developed in which
all but a very small class of failures could be identified
by knowing only which disagreement detectors sensed
the failed conditions. Fault isolation to the module
and channel was thus obtained.

In the revised detection network, the three-input ex-
clusive OR detector circuits were replaced with two-
input types. The redesigned detectors were placed
across each voter rather than across the TMR channels.
The detector outputs were then OR'’ed along each
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2 Failed !

channel (indicating the module containing the fault).
See Fig. 2 for interconnection details.

CONCLUSIONS

IBM found that hardware redundancy as a means of
error detection and fault isolation could simplify the
required maintenance functions. The signals gen-
erated by the disagreement detector network indicat-
ing the channel and module locations can be used in
several operational ways, including:

1. Panel indication of the specific module containing
the fault and requiring replacement.

2. Initiation of automatic switching to replace the
faulty module with a built-in spare.

3. Initiation of a change in mode or computer or-
ganization to by-pass the faulty circuit.

4. Ability to respond to input errors by dynamic re-
configuration or program change to continue opera-
tion in alternate and perhaps degraded modes.
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5. Ability of the computer to supervise itsell in real-
time applications.

Consideration is now being given at IBM to the use
of redundancy in coming generation computers pri-
marily for easing maintenance operations rather than

improving reliability.
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Heard the one about
a 100~°200 solid state keyboard

promised by a major supplier
for 1970 marketing?

It’s a good, reliable company and
we have no doubt they’ll make it ok.

If this seems a little long for
your plans, consider this:

As of November 1, 1968,
you can have production quantities
of high-reliability, field-tested,

solid state keyboards at a
flat 150, delivered!

In keyboards, everyone knows the way to go is solid state. And a lot of people are trying.
But IKOR has it. Now. And you can get it. Now.

Here’s a keyboard with great application versatility available in a wide range of
configurations. It interfaces with virtually any data handling device.

Being solid state, its reliability is inherent. The keys are electronically interlocked to
prevent errors caused by striking more than one key at a time. Each key generates its own
code so it’s easy to get exactly the keyboard arrangement you want without wiring changes.
Diode matrices, mechanical switching or photo-electric devices are eliminated.

The IKOR board provides serial or parallel inputs to any information system by generating
any required code including ASCII, EBCDIC, BAUDOT, Teletype, etc.

It is accurate, simple and trouble-free. For more information send in the coupon. It beats
the reader service card by days and we know you're in a hurry . . .

IKOR Incorporated, Second Avenue, Northwest Industrial Park, Burlington,
Massachusetts 01803 — Telephone (617) 272-4400

NAME

TITLE

COMPANY

ADDRESS _

[J SEND LITERATURE. [J TELEPHONE ME. [] HAVE SALESMAN CALL.

0000 000000000000000000000000000000000000000060000000000000000000
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TECHNICAL NOTE

IMP—-A TOOL FOR MEMORY
SYSTEM EVALUATION’

In evaluating the performance of a
memory system, many different pa-
rameters should be considered in
order to select the optimum system
for a given application. Usually
one or two of the performance var-
iables loom heavily in the decision
making, outweighing the others, or
causing them to be totally neg-
lected. For example, the selection
might be unduly influenced by the
price, or perhaps the speed or the
packing density. With many vari-
ables involved it is often difficult to
evaluate different systems in the
same manner.

A “standard” measure is desired
by which any type memory for a
certain application can be com-
pared with other types for the same
application. The purpose of this
paper is to describe an Index for
Memory Performance (IMP) which

enables one to establish a figure--

of-merit for different memory sys-
tems.

The formula was developed em-
pirically on the basis that cost and
speed are the most important vari-
ables. After them, come MTBF,
element density and tolerance to
environmental stresses. Finally we
have power consumption and
MTTR. The NDRO memory is
considered for several reasons (some
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Bernard Sklar

The Aerospace Corp.
El Segundo, Calif.

Richard Shively

Litton Industries, Inc.

Woodland Hills, Calif.

psychological) to have an inherent
edge over DRO in many system ap-
plications. This edge has been
heuristically fixed at 20 percent.
For certain space applications, the
improvement that NDRO has over
DRO will be considerably greater
than 20 percent.

The IMP presented here was for-
mulated with an airborne compu-
ter in mind. However, the general
technique can be considered as a
flexible methodology when compar-
ing memory systems for many other
applications. It is not intended to
be a hard-and-fast rule for all situa-
tions. For some applications, speed
is not at all pertinent, and it would
therefore be desirable to use a less
sensitive weighting for that vari-
able. Also, ground systems, for ex-
ample, do not put the same pre-
mium on element-packing-density
that airborne systems do, and so a
modification in the weighting of
this parameter would be in order
for such an application.

The figure-of-merit is based on
eight essential variables which help
contribute to a system’s effective-
ness (or to its shortcomings). These
variables are as follows:

1. “C” in cents/system bit (which
in itself depends on several vari-

ables)

2. “S” in microseconds (cycle time)
3. “D” in system bits/cubic inch
(packing density)
4. “M” in thousand hours (MTBF)
5. “R” in hours (MTTR)
6. “T” tolerance to environmental
stress graded from best to worst
7. “P” power consumption in watts
(under normal operating condi-
tions)
8. “N” = 10.0 for DRO

“N” = 12.0 for NDRO

The formula for the index can
be stated as follows for a military
airborne memory system:

IMP =

D

R P
C—I—lOS—}-—l—O'—l—%

N

*This work was performed while both
authors were employed by Litton In-
dustries.
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The Tally HR 150 R

year after year,
outstanding performance
~ Zero maintenance.

New Tally HR 150 perforated tape readers have a first
name: High Reliability. With essentially zero preventive
maintenance, this tough reader is designed for a minimum
life of 8,000 hours of actual reading time. In typical
apphcatlons, minor failures would be experienced

less than once a year.

Tally’s remarkable new HR 150 readers are truly state
of the art, operating asynchronously and bidirectionally
at 150 characters per second. They feature a compact, -
self-contained design, and offer low noise level. Heart of .
this new reader is a stepping motor tape drive technique
which permits true pulse operation and avoids the wear
and tear caused by continuously moving parts.

You will find loading easy and fast. Reeling tension arms
can be locked upright for convenient tape threading.
Smooth rewind is bidirectional at 40 inches per second.
All of this with a two year warranty.

If you are interested in Day after day, month after
month, year after year of trouble free high performance,
you can get all the information including full price and
technical data, by writing Tom Tracy, Tally Corporation,
1310 Mercer Street, Seattle, Washington 98109.

Or phone: (206) 624-0760. In Europe and the U.K.,
address Tally, Ltd., 6a George Street, Croydon, Surrey,
England. Phone: (01) 686-6836.

TALLY
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A different technique for an eval-
uation formula would be one where
each variable is pre-assigned a
weighting factor and then the total
figure-of-merit is a simple addition
of eight terms corresponding to
these variables. But the problem
with such a series-string is that any
major improvement of a single var-
iable can inordinately reflect in the
index much beyond its intended
weight. It can give the illusion of a
memory system superior to all oth-
ers, based on only one parameter.
The index proposed here cannot be
“pulled out” so radically by only
one parameter.

The cost variable can itself be
broken down into several variables,
such as:

1. Yield (either batch fabrication
or automation)

2. Optimum utilization of yield
(the ability to make use of less
than perfect wafers)

3. Simplicity of fabrication

4. Memory organization (most
batch processes do not lend them-
selves to coincident-current organi-
zation; hence, there may be more
electronics for a given size memory,
creating higher cost). New cost ef-
fective organizations will be created
when LSI techniques can be ap-
plied to memory electronics.

5. The required memory system
speed has, in many cases, a direct
bearing on system cost; however,
this consideration is included indi-
rectly in the cost variable.

Rather than attempt to pin-point
each of these “sub-variables” with
a weighting factor, the computer
designer can generally dismiss this
level of detail and use the compos-
ite cost-per-system-bit simply as a
number available to him.

Let us now show how the Index
of Memory Performance is used for
evaluating different present-day,
random-access, military systems. It
should be stressed that in this par-
ticular example today’s technology
is being considered. The applica-
tion is a special-purpose airborne
computer requiring a 4K x 32 bit
memory. It is assumed that the
memory can be ground loaded and
that the alteration of data while in
flight is not necessarily required.
Our goal is to obtain a figure of
merit for each of the memories un-
der consideration.

The five different memory con-
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figurations evaluated are:
1. Core, DRO, (4K x 32 bits)
2. Thin Film, NDRO Read only,

Electrically Alterable on ground

(4K x 32 bits)

3. Thin Film, NDRO Electrically
Alterable in flight (4K x 32 bits)
4. Plated Wire, NDRO Read Only,
Electrically Alterable on ground
(4K x 382 bits)

5. I.C.,, NDRO Electrically Alter-
able in flight (4K x 32 bits)

Core, DRO, (4K x 32 bits)

C = 20 cents per system bit

S = 2 microseconds (read-restore)
M = 16,000 hours MTBF

D = 916 bits per cu. in.

T = 9 (estimates for tolerance to
stress)
P = 72 watts average power

R — 5 hours (estimate for MTTR)
N = 10 (assigned for DRO)

IMP —
16 +916 + 9
100
10 72
20 4 10 (2) + — 10
IMP —= 7.96

Thin Film, NDRO Read Only,
Electrically Alterable on Ground
(1K x 32 bits)

= 55 cents per system bit
S = 500 nanoseconds (read only)
M = 17,000 hours MTBF (esti-
mate)
D =675 bits per cu. in.

= 8 (estimate for tolerance to
stress)
P — 30 watts average power (esti-
mate)
R = 10 hours (estimate for MTTR)
N = 12 (assigned for NDRO)

IMP =

675
17 4+ === 100 + 8

30
55 4+ 10 (0.5) -+ E"' 5

12

IMP = 6.15

Thin Film NDRO Electrically Al-
terable in Flight (4K x 32 bits)

C =70 cents per system bit (esti-
mate)
S = 1 microsecond (read-alter)

= 15,000 hours MTBF

= 810 bits per cu. in.

=7 (estimate. for tolerance to
stress)
P =35 watts average power esti-
mate)
R = 15 hours (estimate for MTTR)
N = 12 (assigned for NDRO)

IMP =
810
15 + To5 + 7
12 T
70 + 10(1)+T6+%
IMP — 4.56

Plated Wire, NDRO Read Only,
Electrically Alterable on Ground
(4K x 32 bits)

C =50 cents per system bit

S = 500 nanoseconds (read only)

M = 17,000 hours MTBF

D =890 bits per cu. in.

T =8 (estimate for tolerance to
stress)

P = 20 watts average power

R = 8 hours (estimate for MTTR)
N = 12 (assigned for NDRO)

IMP =

890
17+ 159 + 8

12 8 20
50 + 10 (05) -+ 1—6' %

IMP — 7.16

I. C., NDRO Electrically Alterable
in Flight (4K x 32 bits). (It is as-
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sumed that a volatile storage me-
dium is acceptable.)

C =75 cents per system bit
S = 1 microsecond (read-alter)
M = 13,000 hours MTBF
D = 605 bits per cu. in.
T =9 (estimate for tolerance to
stress)
= 15 watts average power
R =5 hours (estimate for MTTR)
N = 12 (assigned for NDRO)

IMP =
13 4 35 4
12 100
5 15
75+ 10 (1) + o5 + 35
IMP = 3.91

Table |
Memory Type IMP
1. Core, DRO 7.96
2. Thin Film, Read Only 6.15
3. Thin Film, Read-Alter 4.36
4. Plate Wire, Read Only 7.16
5. I. C. Read-Alter 391

Table I is a summary of the in-
dices for the five memory systems
examined. The conclusions drawn
from these quick calculations is
that the Core DRO Type would be
the most cost effective choice for
our application. Second choice is
the Plated Wire Read Only, and
the least cost effective is the I.C.
Read-Alter memory.

The Index for Memory Perform-
ance provides a rapid “standard”
comparison for evaluating different
memory types for a given applica-
tion.

Time Sharing
Economy

Model 300
Business Calculator
+, —, X, =, reciprocals, per-

centages, chain multiplication,
weighted averages, automatic
extension, etc. Two independent
adders, a product register, large
readout display and automatic
floating decimal point.
$1070. per station*

Model 310

Statistical Calculator

All the features and functions of
the Model 300 pfus VX and x?
by single keystroke for 3x, >x2,
Y 3y, S (XY, T xey,
¥ VX, and 31

$1177.50 per station*

Model 320

General Purpose Calculator
All the features and fuctions of
the Model 310 plus Logex and ex
by single keystroke for more ad-
vanced statistical, scientific and
engineering calculations.

$1282.50 per station*

Model 360

Extra Storage Calculator

All the features and functions
of the Model 320 plus four extra
data storage registers for com-
plex calculations without re-
entry of intermediate results.
$1497.50 per station*

*Four keyboards operating si-
multaneously from a single elec-
tronic package

...exclusively with Wang
electronic calculators

Wang offers you more performance at less cost than any
other electronic calculator available. A unique multiple-
keyboard concept lets up to four operators utilize the
electronic speed of its *‘brain’’ simultaneously like time-shared
large computers. The *‘brain’, in a convenient briefcase-size
package, can be located anywhere up to 200 feet from the
compact keyboards. You can choose any of the four models
above for the most easily justified purchase you could make
for efficient, dependable problem solving.

&WANG

LABORATORIES, INC.
Dept. IU, 836 North St., Tewksbury, Massachusetts 01876 * Tel.

617 851-7311

Call today for immediate trial:

(201) 241-0250
(203) 223-7588
(203) 288-3481
(205) 595-0694
(206) 622-2466
(212) 682-5921
(213) 278-3232
(214) 361-4351

(215) 642-4321
(216) 333-6611
(301) 588-3711
(301) 821-8212
(303) 364-7361
(304) 344-9431
(305) 564-3785
(305) 841-3691

(412) 366-1906
(415) 692-0584
(504) 729-6858
(505) 255-9042
(512) 454-4324
(513) 531-2729
(517) 835-7300
(404) 633-4438 (518) 463-8877
(405) 842-7882 (601) 234-7631

(309) 674-8931
(312) 889-2254
(313) 278-4744
(314) 727-0256
(317) 631-0909
(402) 341-6042

(601) 982-1721
(602) 265-8747
(608) 244-9261
(612) 881-5324
(615) 588-5731
(616) 454-4212
(617) 851-7311
(702) 322-4692
(703) 877-5535
(713) 668-0275

(714) 234-5651
(716) 381-5440
(717) 397-3212
(805) 962-6112
(816) 421-0890
(817) 834-1433
(901) 272-7488
(916) 489-7326
(919) 288-1695
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APPLICATION NOTE

MOTOROLA INSTRUMENTATION
AND CONTROL INC.

Phoenix, Arizona

This application note describes the
use of the MDP-1000 small data
processor, Fig. 1, in a data acquisi-
tion system where the requirement
for optimum functional capability
is complicated by the requirement
for rigorous system simplicity.

The self-contained system, which
typifies the latest technology in
bulk loading terminal automation,
eontrols four loading docks, and
uses the MDP-1000 as its central
element. It is used for round-the-
clock, unattended loading of bulk Fig. 1 The MDP-1000 data processor.
product trucks.

System Description

The system consists of two card
readers; a driver’s console where

the driver receives authorization to —L L ""Q,M"’""“ Tape Deck
withdraw product and receives the i e WoF 7600
transfer manifest for product with- ] o sutters Processor
drawn; an RO35 output teletype Sonsle | o tndicaors
. . Y 3)

and ASR35 input-output-communi- uiprn wATS

3 N Data Set
cation teletype; sensors for tank Manifest I Interface Einamote
temperature, tank level, pump con- Computer
trol, additive control and riser con- Contol Moter Culers

. . Signal: Coupler

trol; and acentral equipment cabi- Toons From | e_Additve | -
. . . Loading Dock Risers
inet containing the MDP-1000 data _ T
processor, control circuitry mod- g;.";of;““{ Level Read Out

ules, emergency battery power sup-
ply, and a tape deck.

The block ('iiag.ram, Fig. 2, shows Fig. 2 Block diagram of data system
how the units interconnect and . “for bulk loading automation.
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Modularity in main
frame and input/
output design permits
efficient field expansion
of all 706 options,
including a variety of
standard peripherals
and interfaces.

Extensive software
elements integrated
with hardware for real-
time batch processing
concurrent with high
priority foreground
operations.

The basic system sells
for $19,000.. . includes
4K memory, systems
cabinet, console, one
level automatic
priority interrupt,
hardware bootstrap, an
ASR33, and training

in both programming
and maintenance.

SENSOR diagnostic analyzer
isolates malfunctions to individual
integrated circuits. The fourth
generation packaging concept of
the 706 processor with individual,
replaceable IC’s, coupled with
SENSOR, reduces down time to
minutes, requires only low

cost spares.

Memory Protect option available for
concurrent processing of foreground/
background operations. Memory
Parity can be added without slowing
cycle time.

Just what you need... another new computer!

RAYTHEON

Full cycle time of 900
nanoseconds permits data
acquisition at rates up to
2.2 million bytes per
second and a standard
automatic priority
interrupt response time of
2.7 microseconds.

Standard console features
include LOCKOUT switch for
protection of real-time
processing, and a hardware
bootstrap for automatic push-
button loading of programs
from paper tape, card reader
or magnetic tape.

The 16-bit 706 has both
word and byte instructions
and memory organization
for maximum programming
and storage efficiency with
character and word data.

Advanced packaging and
new AID system, an
applications-directed
interface terminal,
provide true building
block approach for
systems expansion and
application interface.

Comprehensive software package
provided with every 706...
Symbolic PREP, TRACE/DEBUG,
Symbolic Program EDIT, SYM |
Assembler, FORTRAN, SENSOR,
Loaders, Math Library and X-RAY
EXEC monitor for device independent
operation. Real-Time Operating
System, SYM Il assemblerand a
superset version of ASA Real-Time
FORTRAN 1V are included in
advanced systems.

Write or call today for Data File CB-165. RAYTHEON COMPUTER, 2700 S. Fairview St., Santa Ana, Calif., 92704 Phone (714) 546-7160




This probe
lights up
when a pulse
goes by.

Even a pulse as short as 30 ns—posi-
tive or negative—will cause this logic
indicator to flash a signal.You can trace
pulses, or test the logic state of TTL
or DTL integrated circuits, without
taking your eyes off your work. In
effect, the probes act like a second
oscilloscope at your fingertips.

No adjustments of trigger level, slope
or polarity are needed. A lamp in the
tip will flash on 0.1 second for a posi-
tive pulse, momentarily extinguish for
a negative pulse, come on low for a
pulse train, burn brightly for a high
logic state, and turn off for a low logic
state.

The logic probe—uwith all circuits built
into the handpiece—is rugged. Over-
load protection: —50 to 4200 V con-
tinuous; 120 V ac for 10 s. Input im-
pedance: 10 k. Price of HP 10525A
Logic Probe: $95, quantity discounts
available.

Ask your HP field engineer how you
could put this new tool to work in logic
circuit design or troubleshooting. Or
write Hewlett-Packard, Palo Alto, Calif.
94304; Europe: 54 Route des Acacias,
Geneva.

02825A

HEWLETT w PACKARD
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how the system communicates with
a remotely located billing center.

Data Processor Functions

The data processor in this applica-
tion performs three functions.

e It functions as a stored logic
controller for the bulk loading
operation by releasing valves, regis-
tering withdrawal quantities, con-
trolling additives and controlling
pumps.

e It also functions as a data gath-
ering terminal by gathering and
storing transaction data, inventory
control data, data pertinent to
plant management and perform-
ance, and operational data from
Sensors.

e Its third function is that of a
data communication and inter-
change terminal that interfaces be-
tween the bulk plant and a larger
computer in the billing center.

Stored Logic Control Function

Its function as a stored logic
controller is activated when the
customer driver requests access to
the terminal loading facilities. This
access is controlled by wallet-sized,
punched identity cards coded with
specific identity digits and a unique
terminal validity code. The driver
inserts the card into the driver’s
console along with a customer card
he selects from a file. The com-
puter identifies the driver and cus-
tomer from the coded cards. It also
recognizes the products that the
customer is authorized to withdraw,
checks credit, product quota al-
lowed, and inventory files to insure
that the customer hasn't exceeded
credit or product quota and that
the product is available. If valid
identity occurs,the computer indi-
cates that the driver should select
the product he wishes and then
accepts the selections. The driver
then withdraws the cards. If invalid
identity occurs for any reason, the
computer so indicates and with-
drawal is automatically prohibited.

The driver proceeds to the load-
ing dock, positions the truck, in-
serts his. ID card into the reader
controlling the dock, and repeats
his product selection at the card

reader. The MDP-1000 checks that
safety regulations have been ob-
served, then compares the selections
with those made at the driver’s con-
sole. If they match, it activates the
pumps, permitting delivery to pro-
ceed. During delivery it mixes ad-
ditives, monitors temperatures, and
registers product throughput using
the signals from the loading dock
and from the tank sensors. When
withdrawal is completed the proc-
essor computes net gallonage from
gross gallonage, temperature, and
gravity. It also updates plant in-
ventory and customer product
quota information. When with-
drawal is completed, the driver re-
quests a delivery manifest at the
driver’s console by signalling the
computer. The data processor re-
calls the information from the tape,
reproduces it, and the teletypwriter
types out the manifest.

Data Gathering Terminal Function

The MDP-1000 performs its sec-
ond function by harvesting trans-
action data as it is generated and
storing it on tape and on paper
tape at the ASR35 teletypewriter.
This information includes up to 14
items summarizing and identifying
the transaction and updating the
plant inventory record. The infor-
mation is serially coded and stored
in USASCII code at 800 bits per
inch and speeds to 120 characters
per second for data set and tele-
typewriter compatibility. Each re-
corded character consists of 8 bits
with odd parity (serially placed on
tape). In the event of power failure
the unit continues to accept trans-
action information while operating
on 28VDC battery back-up power.
It will not respond to read-out re
quests until ac power is restored.
Also, after one hour on emergency
power, or if the dc power falls be-
low a preset level, the MDP-1000
shuts down and holds the stored in-
formation intact in its memory
until power is restored. The status
indicators give the operating state
of the teletypes and power circuits
and the tank inventory status.
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Causes
an d c ures Based on a 3-part series of articles

in the 1964 September, October,
and November issues of COMPUTER

of Noise DESIGN magazine, this handbook

serves as a practical design guide

i n D i g i t a I for solving one of the major problems
in designing digital systeins. The
s y s ' e m s author’s emphasis is on practical
tips for eliminating or minimizing
noise — generalized rules are
highlighted throughout the discus-
sion. In Part 1, the forms of noise
that are generated in wiring
backplanes are considered and
standard precautions that should
be taken in systems design are
¥  given. Part 2 covers noise elimination
in digital modules, and Part 3
discusses the control of external noise.

(2 adl

J. PAUL JONES

President
Navigation Computer Corp.
Norristown, Pa.

PART 1

Systems Design Considerations

PART 2
Noise Elimination in Digital Modules

PART 3

Control of External Noise

SEND CHECK OR MONEY ORDER TO: Please send copies
Enclosed is my check for §
Computer Design Publishing Corp.

Baker Avenue NAME. .o i it it i ittt e
West Concord, Mass. 01781
COMPANY .. ittt it ittt ittt ersensnnonanns
$1.75 per copy
STREET . . ittt iiincinnniannnaceaonencnns
$1.50 per copy on bulk orders
of 11 or more. CITY.......cvvnt STATE........ ZIP.......
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Miniature Solid-State
Airborne Units _. ¢
All solid-state £
converters
featuring high \
density packaging
and ultra-reliability.
Available as: Digital-
to-Synchro Converters;
Synchro-to-Digital Converters; Digital-
to-AC Analog Converters; AC Analog-
to-Digital Converters.

Advanced

Instrumentation

Synchro-to-Digital Converters

A simple, reliable, accurate method
of high resolution conversion with
resolution and accuracy to 18 bits.
Available with straight binary code or
BCD code outputs. Ideally suited for
use as an interface between analog
pickoffs and digital computers or off-
line equipment. '

3
Digital-to-Synchro Converters
Digital-to-AC Analog Converters
ASI Converters accept and register
digital angles in binary or BCD code
and convert these inputs to the equiv-
alent synchro or resolver voltages.
Digital-to-Analog AC models convert
digital input information to linear AC
output signals.
Single-speed resolution and accura-
cies are available up to 18 bits.

Advanced
Instrumentation

astrosystems, inc.

6 Nevada Drive, New Hyde Park,
New York 11040 « (516) 328-1600

FROM DATA

CENTRAL
?

ALERT
MDP-1000
MAKE
CONNECTION

MAGNETIC
TAPE
DECK

YES

SWITCH
TELETYPE
DATA COUPLER
INTO COMM.
LINE

READ
PUNCHED
TAPE

TRANSFER
DATA

PUNCHED
TAPE
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Fig. 3 Flow of communications to a remotely located central computer.

Data Communication and
Interchange Terminal Function

The remainder of the network
shown in the block diagram assists
the MDP-1000 in performing its
third function as a data communi-
cation terminal interfacing with a
larger computer. Communication
is via WATS line to the remote
billing center computer and al-
though the data processor. normally
is interrogated at 36 hour intervals,
it will release its data on demand.
A flow diagram for communication

. with the remote billing center is

shown in Fig. 3. Upon command
from the central computer, the
MDP-1000 issues the necessary com-
mands to prepare the system for
transferring the information it has
stored to the general computer.
The information is read serially
bit-by-bit from the magnetic tape,
routed through the I/O buffer, the
Data Phone Data Set, and the Data
Set interface to the WATS link.
The information also can be trans-
mitted by using the ASR35 tele-

typewriter to establish communica-
tion with the central computer.
Again the flow is via the data cou-
pler, Data Set, and Data Set inter-
face. However, in this instance the
ASR35 transmits the data from the
punched paper tape record.

Other Applications

Other potential applications for
the MDP-1000 data processor are:
e As the central element of auto-
mated process control systems and
supervisory control systems.

e As the central element of man-
agement information systems.

e As a preprocessor for large-scale
computers.

e In specialized real-time account-
ing systems.

e As a message concentrator in
communications control networks.
e As a multiplexer for systems hav-
ing several data inputs.

e As a relay center controller.

For additional information
Circle No. 198 on Inquiry Card

COMPUTER DESIGN/JANUARY 1969



i
;
H
:
l! |

WE'RE THE KIND OF CARD SHARKS YOU NEED...

A lot of our satisfied customers call us "'I.C. card sharks" inches wide by 3.5 inches high with an edge type

and we don’t object. That's because the EMC 900 Series I.C.  connector of 44 rhodium-over-nickel tabs at the bottom.
Cards provide the most economical means for TTL circuit A 16-pin test point block at the top of the card accepts a
implementation, where high speed operation with typical  standard 0.080 inch diameter test probe. Heavy power
gate propagation delays of 13 nanoseconds are leads and large ground planes help to reduce the effects
desired. These logic cards employ the popular 7400 of noise. Additionally, each card incorporates a bypass
Family of TTL Integrated Circuits in the same card size as capacitor between the power and ground leads. As a
the EMC 800 Series DTL line. D.C. Noise margins final protective measure, the cards are conformally

are typically 1.2 volts. coated on both sides.

Cards are 1/16” G-10 gloss epoxy board with two-ounce

copper on both sides. Overall size of the card is 4.5 Send for our 36 page '‘Deck of Cards'’ catalog.

E]L AENIENElectronic Modules Corporation ¢ COMPONENTS DIVISION
[ EEII

nm P.0.BOX 141 « TIMONIUM, MARYLAND 21023 » TWX 710-862-2638 » 301-666-3300

CIRCLE NO. 31. ON INQUIRY CARD
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At this year's ISSCC, over 30 scientists and engineers
from France, Germany, England, Holland, Australia and
Japan will cover such timely subjects as current-input

differential amplifiers, MOS-IC memories, IC mono- -

lithic displays, IC signal-processing circuits for TV re-
ceivers, pressure-sensitive diodes for switching, brush-
less dc motor-switching circuitry and computer-aided
design practices,

The U.S. segment of the program will feature pa-
pers by over 120 specialists who will discuss opera-
tional amplifiers, semiconductor memories, optoelec-
tronic technology and applications, digital "circuits,
solid-state power control, computer-aided design,
analog circuits, and circuit and device modeling.

The conference will also be highlighted by seven
invited papers, including a keynote address on strategy
and tactics for integrated electronics by J. A. Morton
of Bell Telephone Laboratories.

The traditional, and ever-popular, Wednesday-Thurs-
day evening discussions, held at the Sheraton Hotel,
will include twelve informal sessions with over 70
panelists participating. They will comment on analog
IC’s custom versus standard LSI, artwork design and
implementation, impact of LS| on memory organiza-
tion and design, and electroluminescent-diode alpha-
numeric displays. Appraisals will also cover IGFETs
today, ultra high-speed digital techniques, and com-
puter-aided circuit design.

All of the conference papers, invited and contrib-
uted, will be published in the 1ISSCC DIGEST of TECH-
NICAL PAPERS. All who register at the meeting will
receive a copy. Additional copies will also be available
at the conference and thereafter ($10.00 to IEEE
members and $15.00 to nonmembers) from H. G.
Sparks, The Moore School of Electrical Engineering,
University of Pennsylvania, Philadelphia, Pa. 19104,
and the IEEE, 345 E. 47th Street, New York, N. Y.
10017.

The ISSCC 69 preregistration fee for IEEE members
is $18.00; nonmembers, $20.00. Fees at the confer-
ence will be $20.00 for IEEE members, and $25.00 for
nonmembers. Programs, with registration forms, can
be obtained from H. G. Sparks, or Lewis Winner, 152
West 42nd St., New York, N. Y. 10036.

The general chairman of the 1969 conference is
James D. Meindl, Stanford University, Stanford, Cali-
fornia; program chairman is R. S. Engelbrecht, Bell
Telephone Laboratories, Inc., Murray Hill, N. J.

64

[T ERNATIORNAL
ARCGUTTS

CONFERENCE
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University of Pennsylvania and

Sheraten [Hotel, Philadelph

February 19, 20, 21, 1SC5

2, Pa.

J. D. MEINDL 'R. S. ENGELBRECHT

TECHNICAL PROGRAM
EXCERPTS
Wed./9:00-11:45/Irvine ‘Aud.

SESSION I: Operational Amplifiers

Chairman: M. M. McWhorter, Stanford University, Stanford,
Calif.

1.1:—INVITED: NEW APPROACHES FOR THE DESIGN OF
MONOLITHIC OPERATIONAL AMPLIFIERS, R. J. Widlar,
National Semiconductor Corp., Santa Clara, Calif.

A survey of recently-discovered integrated-circuit elements will be
made, explaining their impact on the design of monolithic opera-

" tional amplifiers with good DC characteristics, especially low-input

current, and faster operating speeds.

12: A NEW HIGH-SPEED MONOLITHIC OPERATIONAL
AMPLIFIER, E. S. Narayanamurthi, Fairchild Semiconductor,
Mountain View, Calif.

The design and fabrication of a monolithic operational amphﬁer with
high slew rate, large bandwidth, fast settling time and excellent DC
characteristics will be discussed. At closed loop gains of 1, 10 and
100, typical slew rates are 20 V/us, 40 V/us and 60 V/us, respectively.
1.3:- A SELF-COMPENSATED MONOLITHIC OPERATION-
AL AMPLIFIER WITH LOW INPUT CURRENT AND
HIGH SLEW RATE, ]J. E. Solomon and W. R. Davis, Motorola
Semiconductor Products Div., Phoenix, Ariz.

A monolithic operational amplifier which achieves a gain of 150,000,
5 nA mput current and a 4 V/us slew rate will be described. The
amplifier incorporates high g input transistors, a novel PNP-NPN
composite and an MOS compensation capacitor.

CIRCLE NO. 32 ON INQUIRY CARD =>
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Digital Equipment Corporation, Maynard, Mass. 01754

Please send free copy of:

[0 250 page Control Handbook (1969 edition) describing in-
dustrial modules, applications, system design concepts.

[0 500 page Logic Handbook (1968 edition) including a
logic primer, description of all Digital modules, applica-
tion uses, and an A to D conversion handbook.

[ Both.

name
title
company
address

city state zip
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14: AN INTEGRATED ELEMENTAL LOW-VOLTAGE
OPERATIONAL AMPLIFIER, M. J. Hellstrom and W. R.
Harden, Westinghouse Electric Corp., Linthicum Heights, Md.
A low-power operational amplifier that has medium open-loop gain
will be described. Optimum circuit performance can be maintained,
notwithstanding power drain and voltage gain changes due to am-
plifier’s external components.

15: CURRENT INPUT DIFFERENTIAL AMPLIFIERS
WITH HIGH COMMON MODE REJECTION, J. I. Brown,
Monash University, Clayton, Victoria, Australia.

This paper will describe a new differential amplifier, the dual of
conventional amplifiers, whose output is proportional to the differential
mode input current, while common-mode currents are rejected. High
common-mode rejection can be maintained over wide bandwidths.

Wed./1:45-2:45/Irvine Aud.

SESSION 1Il—FORMAL OPENING OF CONFERENCE

INTRODUCTORY COMMENTS—]. D. Meindl, Stanford Uni-
versity Chairman of Conference

WELCOMING REMARKS—Gaylord P. Harnwell, President,
University of Pennsylvania

1968 CONFERENCE AWARDS—]. S. Mayo, Bell Telephone
Laboratories, Inc., Chairman, 1968 Conference

3.1:—KEYNOTE ADDRESS: STRATEGY AND TACTICS FOR
INTEGRATED ELECTRONICS, J. A. Morton, Bell Telephone
Laboratories, Inc., Murray Hill, N.J.

A critical evaluation citing how through an orderly evolution of
compatible semiconductor and thin-film technologies, we can provide
for continuing major advances in the performance, complexity and
diversity of integrated electronics.

Wed./2:50-5:30/Irvine Aud.

SESSION 1V: Semiconductor Memories

Chairman: L. Spandorfer, Univac Corp., Blue Bell, Pa.

4.1: A HIGH-PERFORMANCE MONOLITHIC STORE, J. K.
Ayling, R. D. Moore, G. K. Tu, IBM Corp., Poughkeepsie/E.
Fishkill, N.Y. and B. Agusta, IBM Corp., Essex Junct., Vt.

A 40-ns access bipolar monolithic memory of 2021 words x 144 bits
capacity has been developed and incorporated in a computing system.
The design and structure of a 64-bit silicon chip will be presented and
some aspects of the organization and circuit design discussed.

42: A 40-NS, 144-BIT N-CHANNEL MOS-IC MEMORY, H.
Yamamoto, M. Shiraishi and T. Kurosawa, Nippon Electric Co.,
Ltd., Tokyo, Japan

A monolithic MOS 144-bit random access memory has been fabricated,
using N-channel MOS transistors. The memory operates with a 10-ns
access time, 30-ns non-destructive read cycle time, and a 40-ns write
cycle time. .

4.3: AN INTEGRATED ASSOCIATIVE MEMORY ELEMENT,
R. F. Herlein and A. V. Thompson, American Micro-Systems,
Inc., Santa Clara, Calif. :

The design of an integrated, parallel-organized, associative memory
element containing the majority of repetitive logic required to im-
plement a large, flexible associative memory system will be described.
44: ANOMALOUS BEHAVIOR IN STACKED-GATE MOS
TETRODES, H. G. Dill, R. W. Bower and K. G. Aubuchon,
Hughes Research Laboratories, Newport Beach, Calif.

This paper will describe a new type of trapping effect observed in
stacked-gate MOS tetrodes. Control of and application of this effect to
an electrically-alterable read-only memory will be discussed.

4.5: THE APPLICATION OF MNOS TRANSISTORS IN A
PRESET COUNTER WITH NONVOLATILE MEMORY, F.
W. Flad, Harry Diamond Laboratories, Washington, D.C. and
C. J. Varker and H. C. Lin, Westinghouse Electric Corp., Elk-
ridge, Md.

A DC binary circuit which utilizes P-channel MNOS transistors for all
circuit functions and several novel characteristics such as nonvolatile
storage, preset complementing and the elimination of a threshold
voltage drop on the load devices will be discussed.

Wed./2:50-5:30/Univ. Museum

SESSION V: Optoelectronic Technology
and Applications

Chairman: D. Sawyer, NASA Electronic Research Center, Cam-
bridge, Mass.
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5.1: INTEGRATED ELECTRONICS FOR A READING AID
FOR THE BLIND, J. D. Meind], J. D. Plummer, P. J. Salsbury
and J. S. Brugler, Stanford University, Stanford, Calif. '
A novel dictionary-size optical-tactile reading aid for the blind has
been developed using integrated electronics. Salient features include
efficient multiplex circuitry, a ' unique image sensor and automatic
compensation of optical changes in reading material.

52: LIQUID CRYSTAL MATRIX DISPLAYS, B. J. Lechner,
F. J. Marlowe, E. O. Nester and J. Tults, RCA Laboratories,
Princeton, N.J.

The display related properties of liquid crystal cells and addressing
techniques for liquid crystal matrix displays will be presented. A
36-clement matrix producing moving half-tone images in real time
will be described.

5.3: DESIGN OF AN ALL SOLID-STATE NUMERIC DIS-
PLAY USING LSI READ-ONLY MEMORY, J. C. Barret, Hew-
lett-Packard Co., Palo Alto, Calif.

An all solid-state display has been developed by combining a matrix
of 28 GaAs luminescent diodes with complex silicon integrated cir-
cuits. Design trade-offs will be discussed showing the total interaction.
Some applications will be illustrated.

54: MONOLITHIC ARRAYS OF LIGHT-EMITTING DE-
VICES WITH INTERNAL MEMORY, A. M. Barnett, R. E.
Glusick, H. A. Jensen, V. F. Meikleham and D. C. Osborn,
General Electric Co., Syracuse, N.Y.

This paper will describe a semiconductor display with inherent mem-
ory whose central element is a monolithic integrated circuit that per-
forms the logic function in addition to the optical output on the
display surface. Matrix address is permitted.

5.5: A HIGH-SPEED, WORD ORGANIZED, PHOTO-
DETECTING ARRAY, R. S. Mezrich, D. H. R. Vilkomerson and
J. M. Assour, RCA Laboratories, Princeton, N.J.

A word-organized photodetecting array capable of submicrosecond
response to low light-level signals will be described. The array uses
PIN diodes for both detection and selection, and fabrication in
monolithic form has been achieved.

Wed./8:00/Sheraton Hotel

Informal Discussion Sessions

2. ANALOG INTEGRATED CIRCUITS (East Ballroom)
Moderator: J. E. Solomon, Motorola Semiconductor Products
Div., Phoenix, Ariz.

The latest advances in integrated operational amplifiers, multipliers
and voltage regulators will be discussed. Discrete and IC approaches
will be compared and trends toward more complex analog processes,
circuits and hybrid systems will be covered.

Panel Members: H. Koerner, Burr-Brown Research Inc., Tucson, Ariz.
R. Stata, Analog Devices, Inc.,, Cambridge, Mass. R. J. Widlar, Na-
tional Semiconductor Corp., Santa Clara, Calif. G. Wilson, Fairchild
Semiconductor, Palo, Alto, Calif. B. Gilbert, Textronix, Inc., Beaver-
ton, Ore. W. Howard, Univ. of California, Berkeley, Calif.

3: CUSTOM VERSUS STANDARD LSI  (Pennsylvania West)
Moderator: R. Ulrickson, Fairchild Semiconductor, Mountain
View, Calif.

As it becomes possible to make semiconductor logic devices having
the functional complexity of digital subsystems, can we define standard
products or is LSI inherently custom? Panelists from digital systems
manufacturers Wwill compare their needs against product plans of
semiconductor houses.

Panel Members: H. Miller, RCA Laboratories, Princeton, N.J. D.
Winsted, Signetics Corp., Sunnyvale, Calif. C. Ghest, Fairchild Semi-
conductor, Mountain View, Calif. W. R. Raisanen, Motorola Semicon-
ductor, Products Div., Mesa, Ariz. U. Faber, Burroughs Corp., Paoli,
Pa. R. W. Ballard, Litton Data System, Van Nuys, Calif.

5: IMPACT OF LSI ON MEMORY ORGANIZATION AND
DESIGN (Independence-Constitution)
Moderator: J. I. Raffel, MIT Lincoln Laboratory, Lexington,
Mass.

The probable impact of LSI on computer memory organization and
design, with respect to storage, hierarchies switching, parallel access,
logic and memory will be considered.

Panel Members: G. Hornbuckle, MIT Lincoln Laboratory, Lexihgton,
Mass. M. Pirtle, University of California, Berkeley, Calif. G. H.
Barnes, Burroughs Corp., Paoli, Pa. C. Conti, IBM Corp., Pough-
keepsie, N.Y. )

6: ELECTROLUMINESCENT-DIODE ALPHANUMERIC
DISPLAYS (Hall of Flags)
Moderator: E. I. Gordon, Bell Telephone Laboratories, Inc.,
Murray Hill, N.J.

Device technology and characterization, circuits and electronic-optical
interface topology for various approaches toward alphanumeric dis-
play using electroluminescent devices will be discussed.

COMPUTER DESIGN | JANUARY 1969



You can be yourself at RCA

We don’t care if your sartorial taste runs
to the casual or conservative; or if
you walk, waddle or strut.

Give us creative thinking, well grounded
in computer technology and a broad
knowledge of man’s needs, today

and tomorrow.

Give us that, and we’ll give you a great
place to work.

Our people work in small intimate
groups. The atmosphere is stimulating.
And personally satisfying.

CIRCLE NO. 900 ON INQUIRY CARD

We’'re engaged in some of the most
interesting engineering projects of our
day—developing large-scale,
multi-purpose computers,

Other RCA technologies range from
underseas to outer space. This makes it
easy to reach experts in almost any
field when a problem pops up.

We’'re moving ahead fast in a rapidly
expanding field. There are openings at
all levels. Opportunities for advancement
are excellent.

Our prime need is for engineers with
vision, who can combine a thorough
understanding of computers with
unique inventiveness.

If this sounds like your kind of place,

your kind of work, we invite you to
get in touch.

Your background or education should
include the design of circuits,
micro-circuits, logic, memory, power
supplies, systems, communications,
or design automation.

Mail your resume to Mr. J. H. Nostrand,
Dept. HW-2, RCA Information Systems
Division, Bldg. 13-2, Camden, New Jersey
08102. We are an equal

opportunity employer.




Panel Members: R. E. Brown, Monsanto Co., Cupertino, Calif. M. M.
Atalla, Hewlett-Packard Laboratories, Palo Alto, Calif. R. W. Keyes,
IBM Corp., Yorktown Heights, N.Y. R. James, RCA, Somerville, N.J.
W. Rosenzweig, Bell Telephone Laboratories, Inc.,, Murray Hill, N.]J.

Thurs./9:00-12:00/Irvine Aud.
SESSION VI: Digital Circuits

Chairman: V. I. Johannes, Bell Telephone Laboratories, Inc.,
Holmdel, N.J.

6.1: A LARGE-SCALE INTEGRATION HYBRID SUB-
STRATE, M. Dumesnil and J. Schroeder, Fairchild Semicon-
ductor, Palo Alto, Calif. ]

Two high-density multichip subsystems utilizing beam lead ICs and
multilayer metal technology on large ceramic substrates will be de-
scribed: a 26-IC dual four-bit arithmetic unit (1”7 by 27) and a
16 k/b random-access MOS memory (304 ICs) on a 47 x 5’ alumina
card.

6.2: HIGH-SPEED LSI CURRENT MODE LOGIC ARRAYS
FOR LIMAC, A. Rashid, RCA. Somerville, N.J.

Design and fabrication of high-speed 72- and 144-gate arrays de-
veloped for the LIMAC computer will be described. Arrays employ a
low-power current mode logic cell with 4 to 5-ns propagation delay
at 10 mW to provide increased logic complexity at reduced power
dissipation.

6.3: AN INTEGRATED LOGIC GATE WITH SUBNANO-
SECOND PROPAGATION DELAY AS A SYSTEM ELEMENT,
H. S. Gold, Bell Telephone Laboratories, Inc., Holmdel, N.J.,
R. A. Pederson, Bell Telehpone Laboratories, Inc., Allentown,
Pa.

Subnanosecond propagation delays in a system environment have
been achieved using beam-lead silicon integrated-circuit chips as-
sembled on ceramic substrates. The basic gate design and perform-
ance of a multi-chip logic circuit will be discussed.

6.4: A 30-CIRCUIT MONOLITHIC CHIP WITH 750-PS
LOADED-CIRCUIT DELAY PER STAGE, V. A. Dhaka, J.
Langdon, E. J. Vanderveen, C. Chen, A. Oberai, B. P. F. Wu
and R. Sechler, IBM Corp., Hopewell Junction, N.Y.

A high-speed 30-circuit silicon chip using non-saturating emitter-
coupled logic circuits with 750-ps loaded delay per stage using 3-level
metalization - will be described. The chip contains 210 transistors and
196 resistors.

6.5: AN APPLICATION OF A MONOLITHIC DISPLAY IN-
TEGRATED CIRCUIT, K. Yoshimura, H. Tanaka, K. Okura,
M. Sakai and T. Matsumura, Nippon Electric Co., Ltd., Tokyo,
Japan

This paper will discuss an indicator tube driver circuit using MOS
and bipolar transistors in a monolithic form, making it economically
practical to use the driver in desk-top calculators.

6.6: A FULLY INTEGRATED TIMING GENERATOR FOR
THE PICTUREPHONE VIDEO TELEPHONE CAMERA,
P. C. Davis and K. R. Gardner, Bell Telephone Laboratories,
Inc.,, Reading, Pa. A. M. Gordon, Bell Telephone Laboratories,
Inc.,, Holmdel, N.J.

A complete timing generator has been realized using five becam-leaded
silicon and two tantalum integrated circuits, including 217 transistors,
345 resistors, and capacitors totaling 400 pf, all mounted on one
square inch of ceramic.

Thurs./1:30-5:00/Irvine Aud.

SESSION IX: Solid-State Power Control

Co-Chairman J. C. van Vessem, Philips Integrated Circuits Div.,
Nijmegen, Netherlands and J. D. Harnden, Jr., General Electric
Co., Schenectady, N.Y.

9.1: A MONOLITHIC INTEGRATED CIRCUIT FOR PRO-
PORTIONAL POWER CONTROL, J. Mullaly, General Elec-
tric Co., Syracuse, N.Y. and E. K. Howell, General Electric Co.,
Auburn, N.Y. .

The design and performance of an AGC line-operated phase-control
circuit will be discussed and novel monolithic functional elements—
full-wave bridge rectifier, silicon bilateral switch, and low im-
pedance zener—described and related to performance.

9.2: SUBMINIATURE SILICON PRESSURE TRANSDUCER,
A. C. M. Gieles, Philips Research Laboratories, Eindhoven,
Netherlands

By combining spark erosion and electrochemical etching it has been
found possible to fabricate solid-state microtransducers. Technology
for a pressure transducer, with an epitaxial layer as the diaphragm,
will be described.

9.3: A NEW PRESSURE-SENSITIVE DIODE AND ITS AP-
PLICATION TO SWITCHING CIRCUITS, A. Yamashita, M.

68

Tanaka and T. Suzuki, Matsushita Electric Industrial Co., Ltd.,
Osaka, Japan .

A high-sensitivity pressure diode with a resistance variation of
1000-10,000 has been developed. Solid-state switching circuits and SCR
controls using the pressure-sensitive diode will be described.

9.4: A SWITCHING CIRCUIT FOR A BRUSHLESS DC MO-
TOR CONTAINING A SI HALL ELEMENT, G. Bosch, Philips
Research Laboratories, Eindhoven, Netherlands

A circuit containing a Si Hall element that can drive a brushless DC
motor will be described. Requirements with respect to the accuracy
of the components will be given and compared with possibilities of
the current Si technology.

9.5: A NEW PHASE-SENSITIVE RECTIFIER CIRCUIT EM-
PLOYING A FLOATING POWER SUPPLY, R. C. Bowes and
E. F. Good, Royal Radar Establishment, Great Malvern, Worcs.,
England

A phase-sensitive rectifier with a dynamic range of 10* from 3 Hz-100
kHz that features a floating gower supply insensitive to component
values and supply voltages will be described.

9.6: SURGE VOLTAGES IN RESIDENTIAL AND INDUS-
TRIAL POWER CIRCUITS, F. D. Martzloff and G. J. Hahn,
General Electric Co., Schenectady, N.Y.

The effect of transient voltage on solid-state circuits is often detri-
mental. Data on surge severity and occurrence that devices must
withstand to insure more reliable solid-state circuit design will be
covered.

Thurs./1:30-5:00/ Annenberg Aud.

SESSION XI: Computer-Aided Design

Chairman: R. E. McMahon, MIT Lincoln Laboratory, Lexing-
ton, Mass.

11.1: COMPUTER ANALYSIS AND SIMULATION OF MOS
CIRCUITS, A. Feller, RCA, Camden, N.J.

The algorithm, model and results of computer programs with a
built-in large signal MOS model that provides DC and transient
analysis of P, N or complementary MOS circuits will be covered in
this paper.

11.2: TOPOLOGICAL LAYOUT DESIGN OF MONOLITHIC
IC IN COMPUTER-AIDED DESIGN, K. Yoshida and T.
Nakagawa, Tokyo-Shibaura Electric Co., Kawasaki, Japan

This paper will discuss a topological layout project for IC components
using a computer, based on given circuit diagrams and order of
bonding pads.

11.3: TOPOLOGICAL SYNTHESIS PROCEDURE FOR CIR-
CUIT INTEGRATION, W. L. Engl and D. A. Mlynski, Tech-
nische Hochschule, Aachen, Germany

A computer-aided topological layout of components and wiring in
integrated circuits will be presented based ‘on a new kind of graph
which accounts for all technological restrictions, as well as possibilities.
114: DIAGNOSIS OF SINGLE GATE FAILURES IN COM-
BINATIONAL CIRCUITS, G. D. Hornbuckle and R. N. Spann,
MIT Lincoln Laboratory, Lexington, Mass.

A method for diagnosing arbitrary single-gate failures in combina-
tional logic circuits will be presented. The procedure will locate the
faulty gate and describe its failure which may be any detachable
transformation of the correct gate function.

11.5: A MOST MEMORY USING DISCRETIONARY WIRING,
A. F. Beer, K. H. Nicholas and 1. H. Lewin, Mullard Research
Laboratories, Redhill, Surrey, England

This paper will describe an integrated 1024-bit MOST memory, in-
cluding selection matrices, using.discretionary wiring. The technology,
including the optomechanical mask generator and performance, will
be discussed along with some indication of costs in production.

Thurs./8:00/Sheraton Hotel

Informal Discussion Sessions

7: IGFETS TODAY (West Ballroom)
Moderator: H. C. Lin, Westinghouse Electric Corp., Elkridge,
Md.

The following problems will be probed by the panel. Comparison of
IGFETs with bipolar transistors for LSI. The state-of-the-art for
N-channel, complementary nitride and other gate insulators and sub-
strates. Applications in memories, shift registers, and other digital
and linear circuits.

Panel Members: F. M. Wanlass, General Instrument Corp., Salt Lake
City, Utah. 4. C. Lowell, Autonetics, Anaheim, Calif. S. Katz, RCA,
Somerville, N.J. 4. K. Rapp, Philco-Ford Corp., Blue Bell, Pa. W. C.
Kessler, National Cash Register Co., Dayton, O. D. 4. Hodges, Bell
Telephone Laboratories, Inc., Murray Hill, N.J.
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Logic Designers:

Help IBM develop large-scale
data processing systems.

We need Logic Designers to develop the hard-
ware for large-scale scientific systems, designed
to solve complex problems having extremely
large computational loads. Loads that are found
in such areas as weather forecasting, radiation
burst effects, or signal processing.

Imaginative new concepts.

Advanced concepts in system architecture are
being explored to achieve exceptionally high
data processing rates.

You would work on the design and develop-
ment of systems hardware and its integration
into the overall system.

If you qualify, you could get in on the ground
floor of important advances in large-scale com-
putation.

You should have an E.E. degree (or its equiva-
lent) and two years’ experience in large-scale
scientific or commercial data processing sys-
tems, including logic design.

Grow with IBM.

This development program is just one of the
many we have at IBM’s Federal Systems Divi-
sion, located near Washington, D.C.

For example, we are deeply involved with the
manned space program. Working on systems to
analyze delicate seismological disturbances. And
designing many new real-time, on-line informa-
tion systems.

It has been these kinds of advanced programs
that have kept IBM a leader in the information
processing industry.

Call or write.

Learn more details. Call Jim Dunn at (301)
921-7724 collect any weekday between 9 and
4:30. Or, if you prefer, send a brief letter or re-
sume to him at IBM Corporation, Federal Sys-
tems Division Headquarters, Dept. CA1031,
18100 Frederick Pike, Gaithersburg, Md. 20760.

An Equal Opportunity Employer
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8: ULTRA HIGH-SPEED DIGITAL TECHNIQUES

(East Ballroom)
Moderator: D. DeWitt, IBM Corp., Hopewell Junction, N.Y.
The status and possible future directions of very fast computer logic,
including system needs, device, circuit and packaging approaches
and their potential, will be discussed.

Panel Members: 4. V. Brown, IBM Corp., Yorktown Heights, N.Y.
H. Cardinas, Texas Instruments, Inc., Dallas Tex. M. J. Flynn,
Evanston, 1II, B. T. Murphy, Bell Telephone Laboratories, Inc., Mur-
ray Hill, N.]J. J. A. Narud, Motorola Semiconductor Div., Phoenix,
Ariz. H. Runkel, Control Data Corp., Chippewa Falls, Wis. R. B.
Seeds, Fairchild Semiconductor, Palo Alto, Calif.
11: COMPUTER-AIDED CIRCUIT DESIGN
(Independence-Constitution)
Moderator: D. Pederson, University of California, Berkeley,
Calif.
The focus in this panel session will be on alternate approaches for
circuit design, as well as the needs of the circuit designer. The res
quirements imposed on the computer will also be discussed, and
additionally, the panelists will explore what has been accomplished
to date and offer some predictions.

Panel Members: M. L. Dertouzos, MIT, Cambridge, Mass. E. J. Bald-
win, Bell Telephone Laboratories, Inc., Murray Hill, N.J. D. K. Lynn,
Motorola Semiconductor Products Div., Mesa, Ariz. R, A. Rohrer, Fair-
child Semiconductor, Palo Alto, Calif. M. O’Hagan, Southern Methodist
University, Dallas, Tex. R. J. Schreiner, Fairchild Semiconductor,
Mountain View, Calif.

Fri./9:00-12:00/Irvine Aud.

SESSION XIl—INVITED: Technology for Integrated
Circuit Design

Chairman: C. Thornton, Philco-Ford Corp., Blue Bell, Pa.

12.1: NEW SIMPLIFIED BIPOLAR TECHNOLOGY AND
ITS APPLICATION TO SYSTEMS, B. T. Murphy, Bell Tele-
phone Laboratories, Inc., Murray Hill, N.J., S. M. Neville, Bell
Telephone Laboratories, Inc,, Indian Hill, Ill. and R. A. Peder-
sen, Bell Telephone Laboratories, Inc., Allentown, Pa.

New bipolar integrated circuit structures, which use no more process-
ing steps than a conventional transistor, promise reduced processing
costs and an increase in circuit packing density. This should lead to
corresponding reductions in system cost with improved system per-
formances; these improvements will be described.

12.2: TECHNOLOGY FOR DESIGN OF LOW POWER CIR-
CUITS, C. Bittman, G. Wilson, R. Whittier and R. Waits,
Fairchild Semiconductor, Palo Alto, Calif.

A comprehensive discussion of circuit design and technology for the
realization of micropower consumption in linear integrated circuits
will be offered. Essential transistor and resistor, physics and process
technology with tradeoffs in circuit design between speed, power dis-
sipation, and scale. of integration will be discussed.

12.3: THE INTERACTION OF TECHNOLOGY AND PER-
FORMANCE OF COMPLEMENTARY SYMMETRY MOS IN-
TEGRATED CIRCUITS, P. D. Gardner and R. W. Ahrons,
RCA, Somerville, N.J.

The technology of complementary. MOS has already resulted in signifi-
cant advantages in circuit Mmphcuy, speed-power, and noise immuni-
zation. Future technological improvements to increase device gain, re-
duce capacity, and increase packing density will make complementary
MOS even more attractive. The relationships among device physics,
processing technology and performance will be presented.

12.4: THE IMPACT OF TECHNOLOGY ON RADIATION-
HARDENED INTEGRATED CIRCUITS, J. P. Spratt, G. L.
Schnable and J. Standeven, Philco-Ford Corp., Blue Bell, Pa.
The physics, process technology, and circuit design of radiation-hard-
ened ICs will be discussed. Appropriate circuit design, plus optimum
processing techniques (dielectric isolation, small geometry, controlled
assembly methods, etc.) will be shown to improve low-power integrated
circuits to the point where they no longer limit most systems ex-
posed to nuclear weapons.

Fri./9:00-12:00/Univ. Museum

SESSION XIll: Analog Circuits

Chairman: R. W. Ahrons, RCA, Somerville, N.J.

13.1A: CONTACT RESISTANCE ON DIFFUSED RESISTORS,
H. H. Berger, IBM Deutschland, Boeblingen, Germany

The electrical behavior of contacts on diffused resistors can be ex-
plained by an equivalent transmission line. What contributes to the
contact resistance and how the contacts can be optimized will be dis-
cussed in this paper.
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13.1B: CURRENT CROWDING ON METAL CONTACTS TO
PLANAR DEVICES, H. Murrmann and D. Widmann, Siemens
AG, Munich, Germany

The results of a theoretical and experimental investigation of contact
resistance and current distribution in metal-to-silicon contacts of
planar devices will be presented. Typical experimental values of the
transition resistance between metal and diffusion layers will be offered.
13.2: INTEGRATED MOS ANALOG DELAY LINE, R. A. Mao,
K. R. Keller and R. W. Ahrons, RCA, Somerville, N.J.

An analog fixed or variable dclay line using P-channel MOS field-
effect transistors has been monolithically fabricated on silicon. This
paper will describe sample-and-hold operation, design considerations,
properties, and applications of this integrated circuit.

13.3: PULSED FILTER NETWORKS—A MEANS OF AM-
PLIFYING' AND VARYING TRANSFER FUNCTION PA-
RAMETERS, J. A. Kachler, Martin Marietta Corp., Denver,
Colo.

This paper will discuss a technique of pulsing filter networks that
simultaneously achicves the realjzation of continuously variable filter pa-
rameters and capacitor multiplication. Active elements are shared to
provide multiple transfer function channels whose parameters are pulse
controlled.

134: A HIGHLY EFFICIENT, INDUCTORLESS VOLTAGE
REGULATOR, C. Keeney and M. McWhorter, Vidar Corp.,
Mountain View, Calif,

A voltage regulator, using solid-state switching techniques, for appli-
cations where the conventional series regulator and inductor type of
switching regulator are impractical, will be described. Good regulation
with high peak current capability are provided.

13.5: WIDE BAND IMPEDANCE MEASUREMENT BY
FOURIER TRANSFORMATION OF NETWORK PULSE
RESPONSE, A. S. Farber and C. W. Ho, IBM Corp., Yorktown
Heights, N.Y.

The measurement of driving point and transfer impedances over a
wide spectrum rapidly and accurately will be discussed in this paper.
A computer transforms the pulse response into the frequency response,

and a sampling oscilloscope provides the time transformation needed
for data acquisition.

Fri./9:00-12:00/ Annenberg Aud.
SESSION XIV: Circuit and Device Modeling

Chairman: D. Marshall, Honeywell, Inc., Framingham, Mass,

14.1: THEORETICAL PROJECTION OF DELAY IN GER-
MANIUM AND SILICON HIGH-SPEED SWITCHING CIR-
CUITS, G. D. Hachtel, IBM Corp., Yorktown Heights, N.Y.
This paper will describe a 1-dimensional transistor analysis program
featuring Fermi statistics, saturated velocity and transient effects that
predicts switching delays (loaded, packaged CSEF circuits) of 50 ps(Ge)
and 150 ps(SI) for near-ultimate impurity profiles, and at current
densities of 105 A/cm2,

142: COMPUTER MODELING OF A SUBNANOSECOND
TRANSISTOR INCLUDING HIGH LEVEL INJECTION
EFFECTS, P. C. Davis, Bell Telephone Laboratories, Inc., Read-
ing, Pa.

A new base-widening theory that predicts nonlinear transistor transit
times will be presented. These and special measurement techniques
have been used in modeling a subnanosecond transistor to predict the
switching performance of a 350-ps emitter coupled pair.

14.3: HIGH-SPEED PULSE CIRCUITS OBTAINED BY COM-
PUTER-AIDED NONLINEAR ANALYSIS OF STEP-RECOV-
ERY DIODES, H. G. Jungmeister and D. Schmidt, Siemens AG,
Munich, Germany

A computer-aided analysis method for the design of generators which
can produce pulses shaped to specifications even in the GH range will
be discussed. Pulse powers of more than 10 V p/p across 50 ohms can
be obtained.

144: IGFET CIRCUIT PERFORMANCE: N-CHANNEL VS
P-CHANNEL, D. L. Critchlow and L. M. Terman, IBM Corp.,
Yorktown Heights, N.Y. and G. Cheroff, IBM Corp., Hopewell
Junction, N.Y.

Previous circuit performance comparisons between N-channel and P-
channel IGFETs have not considered the control of device perform-
ance with substrate bias. These factors will be described and the re-
sulting performance advantages of N-channel devices illustrated for a
memory chip.

145: THE VARIABLE THRESHOLD FET: THEORY AND
EXPERIMENT, F. A. Sewell, Jr., H. A. R. Wegener and E. T.
Lewis, Sperry Rand Research Center, Sudbury, Mass.

The general theoretical model predicts the amount of threshold volt-
age change with time for both writing and storage modes of opera-

tion. Experimental data fit these theoretical expressions containing no
adjustable parameter.

5 days

can do a lot for your next 5 years.

If you're involved in systems and equipment
design, research, production or management
... five days at one of our Seminars may make
your next five years—and many more after that
—much more productive.

More and more key management and high-level
technical personnel from top companies all over
the United States are attending RCA Institutes
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CD PRODUCT FEATURE

A LOW COST _
GRAPHIC COMPUTER TERMINAL

A completely self-contained, desk-
top information display system, the
Type T4002 Graphic Computer
Terminal introduced by Tektronix
Inc.,, provides complex graphics
capability at a significantly low
cost.

Complete communication inter-
action is achieved through the
utilization of a solid-state data en-
try keyboard and a visual display
of high-resolution alphanumerics
and graphics. All of the elements
required to effectively communi-
cate with a computer are housed
within the console, and space is
provided within the console cabi-
net to accommodate an auxiliary
module for expanding system capa-
bility. Two types of interfaces have
been made available for direct
coupling to computers or data com-
munication systems.

System components include: a
display unit, a terminal control, a
character generator, a keyboard
and an input/output interface.

Display Unit

An 1l-inch, direct-view, bistable
storage tube is used as the display
media to produce high-density al-
phanumerics and complex graphics
without flicker or drift. The 614-
inch by 814-inch screen will ac-
commodate up to 35 lines of alpha-
numeric characters with 80 symbols
per line permitting more than 2800
characters to be displayed with ex-
cellent clarity. Resolution achieved
is equivalent to 400x 300 line

72

The luminance level of
stored information is at least 3 fL.
and the contrast ratio is at least
3:1. Stored information may be
erased in 0.5 seconds or less.

pairs.

Terminal Contirol

The terminal control provides tim-
ing logic, data buffers and inter-
connection logic for the character
generator, keyboard and auxiliary
module. Linear interpolation is a
function of the terminal control,

TEKTRONIX, INC.
Beaverton, Oregon

D/A converters and plot logic.
1024 x 1024 points are addressable.

Character Generator

The character generator provides a
set of 94 USASCII printable
characters. Two sizes of characters
are under program control, 70 x 90
mils and 140 x 180 mils. Up to
1000 characters per second (aver-
age) may be generated and stored
on the display tube.
Continued on page 74
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He steps to a faster pace “because he hears a different
beat” ... motivated by the need to lead rather than
follow. He sees opportunities, not problems . . . challenge
rather than contention. Because he is encouraged to
experiment, innovate, accept risk, he is not afraid to
march along new paths. .. to explore. He is one of a
breed of technical specialists who give Honeywell

the competitive edge in the business computer field ...
the drummers who have made Honeywell one of the

THE

fastest growing companies in the industry!

Growth creates opportunity for the individual. And,
right now, opportunities at Honeywell are better than
ever! The Technology Center in Waltham,
Massachusetts, has been expanded by 50%. Ground
has been broken for two new facilities. This planned
expansion has created requirements for computer
specialists at all levels . . . with special emphasis on
the following areas:

‘HONEYWELL

M AN : The beat of a different drummer.

HARDWARE SPECIALISTS

[ Systems Design [ ] Communications Subsystems

Design [] Peripheral Control Design [_] Processor Design
[ Logic Design [ ] Maintainability [ ] Electro-Mechanical
[] Electronics Development [ ] Mechanical Development

[] Circuit Design

Please forward your resume to Mr. Jack Wermuth.
The Other Computer Company:

Honeywell

200 Smith Street, Dept. CD-1,

Waltham, Massachusetts 02154

Opportunities exist in other Honeywell Divisions. Send resumes to F. E. Laing, Honeywell, Minneapalis, Minnesota 55408.
CIRCLE NO. 901 ON INQUIRY CARD 73



High
Voltage

CRT
Power

Supplies
Custom
Designed

This custom designed Head-Up Dis-
play power supply met the require-
ments listed below and solved a
unique space and weight problem
as well.

¢ Outputs:
15 KVDC, 400 pa pk.
1.7 KV (adj. 1.4 to 2.0 KV),
+30 ua
300 VDC, +=15 pa
Ripple: 0.5%
Regulation #0.19%,
Volume: less than 50 cu. in.
Weight: 31 Ibs.
Temperature:
—55°C to 110°C
¢ Ref. to MIL-STD-826
¢ MIL-E-5400
e Input:
115V, 400 cps MIL-STD-704
Try stumping us with your problem.
We’ll put everything we have into
solving it and probably come up
with a design that saves weight and
space. Write or call for details today.

AMP

INCORPORATED

CAPITRON DIVISION

155 Park Street ¢ Elizabethtown, Pa.
717-367-1105 « TWX: 510-675-4561

CIRCLE NO. 36 ON INQUIRY CARD
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Keyboard

Manual entry of data is through a
solid-state  keyboard with full
USASCII capability (128 codes).
Ninety-six upper and lower-case
characters, numbers and special
symbols are provided for alphanu-
meric data entry. Two sizes of
characters are under program con-
trol with others available and 32
additional control characters are
included for communications be-
tween the computer and the ter-
minal.

Input/Output Interface

The terminal interface provides
code conversion, logic levels and
necessary connections to interface
with a computer or data commu-
nication system. Initially, two types
of interface are available: Type
4801 for DEC PDP-8 Series compu-
ters; and Type 4802 for interface
with Bell System Type 201 and
Type 202 data sets and other com-
patible acoustic modems or high-
speed data systems.

Controls and Indicators

In addition to a standard alpha-
numeric keyboard, the following
controls are provided to enhance
ease of operation..

e Control Characters—The USA-
SCII provides for 32 control char-
acters to be utilized for communi-
cation between computers and re-
mote I1/0 equipment.

e View—Switches the display from
a hold mode to a view mode for
approximately 1 minute.

o Erase—Erases the display.

e Format Controls — Provide a
means of moving the cursor when
fixed-format alphanumerics are
used. The five format buttons (top
left of keyboard) move the cursor
up, down, right, left or home
(fixed reference point).

e Power—Key switch for power
on/off and control lock. Control
lock position locks out all key-
board and control- functions.

e On Line/Local—Controls on-
line and off-line terminal operation
and indicates status.

e Ready/Busy—Signals the status
of the computer when an initial
inquiry is made from the terminal.

o Input—Permits selection of key-
board or auxiliary as input to com-
puter. Indicates status.

¢ Output—Permits selection of the
display or auxiliary or both to re-
ceive output from computer. In-
dicates status.

e Page Full-Indicates full page
and stops information from com-
puter.

e Margin Shift—Allows a choice of
four margin positions, starting on
the left and moving to the right.
Useful when writing columns of
short statements.

e Error/Halt — Indicates echo-
plexed character is not identical
character sent. Halt control allows
a halt on data error detection.

e Data Received—Indicates com-
puter entry to the display.

e Interrupt—Any time the compu-
ter is sending data, all controls on
the terminal are inhibited except
the interrupt switch (and the
power switch). Pressing this switch
stops the transmission and allows
the operator to send data to the
computer.

Auxiliary Module

Provision is made inside the ter-
minal console for an auxiliary
plug-in module to expand future
capability with a blank plug-in
available to satisfy unusual or spe-
cial design requirements.

Other Characteristics

Quick-change line-voltage selector
provides three ranges: 90 to 110V,
104 to 126V and 112 to 136V; 48
to 66Hz, 375 watts maximum at
117V and 60Hz. Normal operation
is over the temperature range of
20°C to 50°C.

The terminal measures 191/4-
inches high x 35-inches long x 19-
inches wide and has a net weight
of 103 1bs.

Price of the Type T4002 ter-
minal is $8000. Price of the Type
4801 DEC PDP-8 Series interface,
with cable is $585; Type 4802 data
communications interface, with
cable is $515.

For additional information circle
No. 199 on inquiry card.
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”;Creatmg New Opportum‘mes

Collins’ C-8500 C-System  gives usérs the
~ first completely integrated system with vir-
tually unlimited expansion capablllty

- This new concept in computer applications
~_is creating exceptional career opportuni-
ties for: Programmers, Hardware Diaghos-

_ tic Programmers, Circuit Design Engineers,

Memory Design Engineers, Digital System

Engineers, Digital Systems Analysts, Logic
- Design Engineers, Mechanical Engineers,

‘Data Systems Analysts and Applied- Sys—

tems Ana!ysts/Programmers

\'Engmeers, Physlclsts, Mathematicians,

o ‘and those with degrees in other physical
- sciences (1 to 5 years experlence) will -

find an outstanding opportunity to learn

and progress rapidly in the data fleld even
without previous data experience.

Please send resume in confidence to

Manager of Professional Employment, Col-
lins Radio Company, Dallas, Texas 75207;

Cedar Rapids, lowa 52406, or Newpo ‘

Beach, California 92663. .

an equal opportunity employer

t
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€5 NEW PRODUCTS

STIMULUS-RESPONSE TEST SYSTEM

Model 9500A is a computer-controlled test system which
offers means of testing electronic components, modules, or
assemblies at the laboratory, production, incoming inspec-
tion, or field maintenance level. Standard test-signal
sources, under computer command, stimulate the device
under test. With standard options the frequency range may
range from dc to 100 kHz, or as high as 500 MHz, con-
trollable in level from 0 to 132 dB. Standard test instru-
ments, similarly controlled, measure response. Measurement
may be of voltage, phase, frequency, or ohms, as desired.

A basic system consists of the computer (Model 2116B),
a teleprinter input/output unit on which instructions are
typed in and output information recorded, a punched tape
reader to take in programming data at 300 characters per
second, a programmable dc power source (Model 6130B),
an integrating digital voltmeter (Model 2402A) for precise
dc measurements, and a distribution switch to connect the
system to any of 16 test points.

Among the capabilities which can be added with options
are ac voltage stimulus to 100 kHz, or up to 500 MHz, at-
tenuation 0 to 132 dB, ac voltage measurement to 100 kHz
or 10 MHz, ac voltage and phase measurement to 1000

MHz, 200-line measurement scanning, frequency measure-
ment, and ohms measurement. Hewlett Packard Co., Palo
Alto, Calif.

Circle No. 200 on Inquiry Card.

CUSTOMIZABLE READ ONLY MEMORY

The XC170, a bipolar 128-bit Read Only Memory
(ROM), provides 16 custom eight bit words. The ROM is
capable of performing logic which would require as many
as 33 gates to implement and is specially suited for code
translation applications. Examples of other ROM uses are:
n of eight decoding, Hamming single error detection and
parity generation, and 7 or 16 indicator lamp decoding.

A feature of the XCI170 is a unique ordering system
whereby the customer orders his ROM program (the array
bit pattern of “I’s” and “0’s”) by punching the necessary
information on an ordinary EDP card. The order card
then serves to control the automatic generation of the
mask used to insert the customer program in the ROM.
The same punched card also supplies the program for
automatic testing of the finished product.

The ROM is composed of a 16x8 emitter-follower tran-
sistor array in which 8 TTL type amplifiers provide a buf-
fered access from the four address inputs to the 16 word-
select gates. The 16 gates perform the one-of-sixteen selec-

tion of the desired word in the ROM array and an addi-

tional AND gate enables or inhibits the entire array. Eight
output buffer stages with open collectors allow each bit line
to sink 20 mA and permit wired-OR construction of larger
ROM for sequence generation and other applications.

76

The XC170 is supplied in the Unibloc™ 16 pin dual-in-
line package for operation over a 0°C to 75°C temperature
range. Motorola Semiconductor Products Inc., Phoenix,
Ariz.

Circle No. 202 on Inquiry Card.
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D/S CONVERTER

The ADverter Model DSI2AI1, a
general purpose digital-to-synchro con-
verter converts a 12-bit binary word
into 3-wire synchro signals (or 4-wire
resolver signals) with an accuracy of
2.7 arc min. It requires a 26 Vrms,
400 Hz reference for an output of
11.8 Vrms line-to-line, 100 mA max.
and is able to directly drive most con-
trol  transformers. Optional high
power output stages enable the DS-
12A1 to drive one or several torque
receivers. Operating temperature is
0°C to 70°C.

Packaging features easily inter-
changeable encapsulated submodules,
mounted directly on three PC boards,
8.3” x 5.6” x 1.1” max. height. Ditran
Corp., Div. of Clifton/Litton Indus-
tries, Burlington, Mass.

Circle no. 237 on Inquiry Card

DIGITAL TAPE RECORDERS

The DS-4130 incremental and the
DS-4150 synchronous recorders are
available in 7 or 9 track configurations
with 6” reels. Model DS-4130 includes
incremental recording capability for
RZ or NRZ (1) inputs with a 200 bpi
density and a character transfer rate to
200 steps/sec. Tape speed and tension
are controlled by a dual differential
capstan system. Rewind time is less
than 114 minutes.

Model DS-4150 synchronous record-
ers are controlled by command levels
of Run-Write, Run-Read, Write En-
able, Rewind Stop. Inputs can be
either RZ or NRZ(l). Recording
densities of 200, 556 or 800 bpi with
read/write speeds to 37.5 ips are avail-
able. Outputs are reconstructed at the
same levels as received and de-skewed
to within 1 ps when played back on
DS-4150 equipment.

Both models measure 6” x 7”7 x 13”
and weigh 19 pounds. They are cart-
ridge loaded, meet military specifica-
tions, and have a tape capacity of
1,000 feet. Sanders Associates, Inc.,
Nashua, N.H.

Circle no. 223 on Inquiry Card

FERROXCUBE

EMPLOYMENT
OPPORTUNITIES

Ferroxcube ranks as one of the world’s leading commercial pro-
ducers of computer components, memory systems, sub-systems,
recording heads and ferrite components.

This well earned engineering leadership has brought steady in-
creases in Sales and ever-broadening markets. The road ahead
is ever more exciting as expansion has become a way of life at
Ferroxcube.

You can participate in our future, work in a stimulating engineer-
ing environment with individual recognition for accomplishment
and “‘see your work through to conclusion’ projects while you and
your family enjoy life in the picturesque Hudson Valley with
the Catskills as your playground and New York City less than two
hours away. Fine housing, superb schools, extraordinary recrea-
tion facilities are only part of the fringes.

Move forward professionally, financially and socially—look us
over. Newly created challenges available for:

Senior Memory Engineers—Requires BSEE and 5 to 10 years of
experience with core memory stacks and systems. Will work on
high speed core and plated wire stack design and applications.
Should be capable of assuming full responsibility for several
design projects.

Memory Engineers—Requires BSEE (BSME considered) and 2 to
5 years of experience with core memory stacks and systems. Will
work on high speed core and plated wire stack design and applica-
tions. Should be capable of performing design work under super-
vision of Sr. personnel. Person in this position is expected to
advance into full project responsibility.

Memory Test Engineers—Requires BSEE and 2 to 5 years of ex-
perience with core memory stacks and/or systems. Will be respon-
sible for writing engineering test specifications and procedures.
Rapid advancement into full design project responsibility.

Project Engineers—Plated wire memory. BSEE or equivalent. 5 to
10 years experience in memory systems design, plated wire or
thin film experience. Must have ability to assume full project
responsibility.

Send resumes including salary requirements in confidence to:
Mr. G. B. McKenna
Manager Employment and Management Development
Ferroxcube Corporation
P.O. Box 359
Saugerties, New York 12477

CIRCLE NO. 903 ON INQUIRY CARD
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Microsonics has proven capabil-
ities and facilities to design and
manufacture reliable computer de-
lay line storage systems at high
information rates (up to 100mc)
which gives long term service in
difficult environments of shock,
vibration, and temperature. These

- systems have capability of han-
dling digital signals for computer
storage or analog information as
in radar signal processing.

Ultrasonics computer storage
lines, using fused quartz or zero
T.C. glass, represent an ideal
medium for high-speed computer
storage up to 20mc rates.

Be it Computer Storage Systems;
Digital Delay Lines; Magnetostric-
tive Delay Lines; or Variable and
Tapped Delay Lines — Micro-
sonics has the experience and
capability to deliver both off-the-
shelf and custom-designed sys-
tems for any specific operation.

Send for Microsonics’ Brochure
Nos. M735 and 5350.

MICROSONICS

60 Winter Street
Weymouth, Mass. 02188
Tel: 617 337-4200

A division of the Sangamo Electric Company

CIRCLE NO. 37 ON INQUIRY CARD
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NEW PRODUCTS

STEPPER MOTOR

Variable reluctance Tormax step-
per, 020-021, couples load-driving
capability with high response. In
steady state, response is on the order
of 3 milliseconds while driving a 1
ozin load in a random bidirectional
manner. Or, at the other end of the
curve, driving a 10-0z-in load, response
is approximately 100 milliseconds. The
design limits overshoot and oscillation.

Performance figures are based on the
use of a standard 28 Vdc Tormax con-
troller-driver in one-phase-at-a-time
excitation mode, incrementing the
shaft 15 degrees per pulse. Other ex-
citation modes permit different step
angles and response rates. IMC Mag-
netics Corp., Westbury, N. Y.

Circle no. 210 on Inquiry Card

CORE MEMORY

Model 25DM-500 features an access
time of 280 ns and a cycle time of
500 ns and provides 8,192 words by
36 bits in a single module, 514" high,
19” wide and 23” deep. Modular ex-
pandability allows the capacity to be
increased to 64,000 words by 72 bits.
Integrated circuits are used extensively
to achieve a compact modular design.
A single module can fit into a stand-
ard 19inch rack or be used un-

- mounted. The standard memory fea-

tures TTL positive true logic inter-
face levels, and the system is designed
to accommodate a wide range of in-
put/output characteristics. The memory
has a non-destructive power on/off
control.

Significant optional " equipment in-
cludes a power supply in a module
the same size as the basic memory
module, a memory tester of the same
dimensions, data parity generation
and check, address parity check, zone
transfer, and a separate register indi-
cator panel. Ampex Corp., Redwood
City, Calif.

Circle no. 236 on Inquiry Card

NUMERICAL READOUT LAMPS

Numeralamps have a rating of 3 to
4V and 0.10 to .015 A and operate
without buffer transistors. BCD input
is decoded directly to drive the incan-
descent filaments. The filament is en-
closed in a standard nine-pin vacuum
tube. Numerals 0 through 9 are pro-
duced on a seven-bar frame with deci-
mal point available as an option.
Brightness can be varied from levels
suitable for total darkness to a maxi-
mum of 4,000 foot lamberts. Useful
life span is 200,000 hours or more;
color temperature at rated voltage is
approximately 1800° K. Circuit op-
tions include 10-line and/or BCD in-
puts with memory added where de-
sired. Lamps, Inc., Gardena, Calif.

Circle no. 208 on Inquiry Card

FIBER OPTIC CRT

The WX-30738 records oscillograph-
ic information on direct-print photo-
graphic paper with a writing speed
greater than one million inches per
second.

The CRT has an 8-mil center spot
size, and a trace linearity within
1%,. In addition, it has a 3” x b5”
faceplate and an over-all length of
1614”. It weighs 314 pounds and can
be mounted with its axis facing in any
direction. Westinghouse Electronic
Tube Div., Elmira, N.Y.

Circle no. 218 on Inquiry Card
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OPERATIONAL AMPLIFIER

The Al01 is a general purpose op-
erational amplifier capable of 10V com-
mon mode voltage, 5 mA output cur-
rent and a bandwidth of 125 kHz,
and features a .385” profile.

Operating parameters include: in-
put offset drift, 20 yV/°C; input cur-
rent 20nA/°C; common mode input
impedance 50 megohms; and common
mode rejection ratio, 90 dB. The unit
is frequency compensated for a 6 dB/
decade roll-off with a slew rate of
1.2 V/ys. Intronics, Inc, Newton,
Mass.

Circle no. 238 on Inquiry Card

ADHESIVES KIT

A multipurpose “Bond-All" adhe-
sives kit is designed to fulfill the adhe-
sive needs of research laboratories. It
can be used to bond glass, plastics,
iron, steel, copper, gold, silver, woods,
glass-to-metal, wood-to-metal, different
metals together, and just about any
other combination of materials de-
sired.

The kit contains more than twenty
pieces of equipment including tweez-
ers, clamps, mixing cups and mixing
sticks, applicators, syringes and knives.
Contains four different epoxy systems

. which provide a wide selection of
bonding characteristics. Tescom Corp.,
Instrument Div.,, Minneapolis, Minn.

Circle no. 234 on Inquiry Card

ALTITUDE REPORTING DISPLAY

The display accepts the standard
ICAO, 11 bit altitude telemetry code
and displays the absolute altitude in
decimal form, including sign, through
the use of code conversion modules
and a fixed program computer. This
system display altitude in 100 foot in-
crements for a range of from —1200
to 4+126,700 feet. Units are available
in laboratory and cockpit configura-
tions. Northern Precision Laboratories,
Inc., Fairfield, N. J.

Circle no. 207 on Inquiry Card

We'll ship
a hundred

modules
in 48 hours.

One takes
a little longer.

We stock our standard logic
modules in sufficient depth
to offer you 48 hour delivery.

But if you want something
a little special, like a prototype
or a short run for a unique
application, we’re geared to do
that too. In fact, specials are
one of our specialties.
They just take a little longer.

And if you need help with
systems analysis, programming,
software, engineering or
instrumentation, remember
we have a systems capability
that includes all of these
elements. We can tackle

anything from card design
to the completed system.
Don’t let the fact that we're
not too big for your little jobs
fool you. We're not too little
for the big ones either.

Write for our complete
1C Logic catalog with
application notes.
WYLE SYSTEMS, division of
Wyle Laboratories
128 Maryland Street
El Segundo, California 90245

WYLE

CIRCLE NO. 38 ON INQUIRY CARD
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regulated power

(at lowest cost
in the industry)

“C" SERIES

SILICON POWER
MODULES

300 MODELS

10 262V. . to 36A.. T00W

The ‘'C’’ Series features
most power at lowest
cost and smallest size
in the industry, and
offers superior quality
and specification excel-
lence.

MEETS THESE MIL SPEGS...

Reliability:
MTBF up to 100,000 hours

Environmental:
Shock—E-4970, T-4807
Vibration—T-4807, E-16400
Humidity—STD-810
Altitude—E-4970
RFI-EMI—I-16910, 1-6181

NI PERFORMANCE SPECS
MORE © 0.02% regulation .
LML @ 500 microvolts ripple & noise
® Convection cooled to 71°C

D 111

Delror

WISSAHICKON AVENUE, N.°WALES, PA. 19454
PHONE: (215) 699-9261 « TWX: (510) 661-8061
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MAGNETOSTRICTIVE MEMORY

The MS 2219 miniature memory,
for use in small electronic computers,
calculators and digital interface de-
vices, has a storage capacity of 1300
bits and a bit rate of 2.6 MHz. Its
input is compatible with DTL logic
and the output is from a Fairchild
DTL 932. It is also compatible with
T2L logic. '

Power requirements are 412 and
45 V, and —12 V. The operating
temperature range is from 0° to 70°C.
Dimensions are 4” x 314” x 1”7. Com-
puter Devices Corp., Commack, N.Y.

Circle no. 226 on Inquiry Card

THICK FILM PHOTO ARRAY

The LA-800 Series standard light
arrays for paper tape readers, provide
each sensor with shielding from the
next to eliminate cross-talk. The pack-
age and lead frame is similar to the
standard 14 lead dual in-line plastic
IC type. These units can be mounted
directly to a fiber optic head, or PC
board, or plugged into standard
sockets.

The photo chips are mounted on
.100” centers. For custom applications,
chips can be mounted as close as .050”
centers. Chips can be precisely aligned
to within #.002” in both the X and Y
axis. Hybrid Electronics Inc., Chaska,
Minn.

Circle no. 222 on Inquiry Card

LT T
LINE DRIVER

Monilogic Card L74 contains 12 line
drivers in the standard Monilogic card
configuration complete with test point
block and hermaphroditic connector.

The assembly is designed to drive
terminated transmission lines such as
100 ohm coax or 91 ohm twisted pair.
Logical “1” output levels will all be
between +5 and 410 V as predeter-
mined by the application of an equal
voltage at a single pin of the con-
nector. Each of the 12 outputs is con-
nected to an individual test point. The
L74 is a non-inverting device with
propagation delays of less than 25 ns
and 175 ns respectively for turn-off
and turn-on. The inputs are compati-
ble with DTL/TTL drives. Monitor
Systems, Fort Washington. Pa.

Circle no. 203 on Inquiry Card

STEPPER MOTORS

The K82105 stepper has a step angle
of 714° and a stepping rate of 0-240
pps. Available torque, is up to 8.2 oz-
in. Stepper motor K82107 develops up
to 4.8 oz-in of torque, with a 15° step
angle and a step rate of 0-175 pps.
These stepper motors are for use in
incremental controls, line-spacing con-
trol in paperfeed devices, punched-
paper tape drives, X-Y plotters, and
chart drives. Dimensions are 234” dia.
x 214” long x 234" square mounting
flange. A. W. Haydon Co., Waterbury,
Conn.

Circle no. 211 on Inquiry Card
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CIRCUIT INDICATOR

An illuminated status indicator for
printed circuit boards, called Digi-
strip, is mounted directly to the board,
singly or in required multiples. Lamp
terminations are affixed to both sides
of the board, and the status indicator
itself can be utilized as a pull-handle
for board removal.

Each unit uses ten T-1 size lamps.
Total legend is 1.5”, and overall size
of the indicator is .25” wide x 1.873”
long. Lamps can be replaced from the
front of the indicator. The T-1 lamps
are available in ratings from 1.5 to
28V. Display Devices, Inc, Santa
Monica, Calif.

Circle no. 217 on Inquiry Card

STATIC CARD READER

The unit features contacts which
sense punched holes mechanically.
Normally-open contacts cannot close
without the presence of a properly-
oriented card due to a positive me-
chanical lockout. The reader reads all
960 (12 x 80) points on a standard
IBM punched card simultaneously, is
rated for a life of 1 x 108 operations,
and can dissipate 60 watts maximum.
Switches can carry 3.0 A static and
0.3 A during switching. Internal switch
resistance is 30 milliohms maximum
after 1 x 106 operations. Programming
Devices Div. of Sealectro Corp. Ma-
maroneck, N. Y.

Circle no. 206 on Inquiry Card

-tion and wearability.

Double or triple the bit packing density of your
‘Burton kMagnekote today!

Burton-
- 6=-Drum
2-Pak.

How do you get 6 Discs or Drums of Data on 27
Contact Burton Magnekote! They can double
or triple your computer memory bit packing density.

Here's how it works, Burton Magnekote's newly
developed thin-film nickel-cobalt solution is chem-
ically deposited on any metallic substrate in ultra
thin layers . . . computer memory drums to 18“
diameter and discs to 40" diameter, This homo-
geneous hard metallic film is deposited in thick-
nesses of less than 0.2 microns. The finished
recording surface is capable of recording over
5000 flux reversals per inch for saturation re-
cording. In addition, the Burton thin-film process
eliminates problems relating to drop-outs, resolu-

Additional performance characteristics include
contact or flying head recording, magnetic rema-
nence to 12,000 gauss, controlled coercivity to
650 oersteds and the squarest B-H loop in the
industry.

computer. Get a 2-drum or 2-disc 6-pak. Contact

DIVISION OF BURTON SILVERPLATING CO.

11334 Playa Street » Culver City, California 90230 » (213) 391-0535
11 Debra Lane = Westport, Connecticut » (203) 259-3792

BURTON MAGNEKETE a |

MAGNETIC PLATING SPECIALISTS FOR COMPUTER DRUM/DISC MEMORIES

CIRCLE NO. 40 ON INQUIRY CARD
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NEW PRODUCTS

STORAGE UNITS

A program board organizer storage
unit for use with Measurement/Data’s
Series 1100 family of low-cost auto-
matic IG testers will hold up to 10 IG
test program boards for either the
1100 or the 1110 testers. Two of the
units will fit atop either tester making
20 test boards readily available to the
operator.

The units have a drawer where
connectors for all types of IG pack-
ages can be stored. The program
boards are color-coded by connector-
socket type.

A separate program board is used
for each type of IC to be tested and
each bodrd is marked with the part
number. Spare labels are included so
that the part number can be changed
if the program board is modified to
test a different IC. Signetics Corp.,
Sunnyvale, Calif.

Circle No. 259 on Inquiry Card.

DIGITAL TEST PROBE

The Digi-Probe Model 1210 deter-

mines the presence and polarity of .
pulses in digital circuits and operates
from a 5 V, 75 mA source.
- A red and green indicator light in
the hand-held probe allows non-tech-
nical personnel to perform most digi-
tal circuit production line checks.

The Model 1210 has an input im-
pedance of greater than 75K ohms and
can accommodate pulses to 24 volts.
It can detect pulses as narrow as 25
ns and monitor a square wave pulse
train to 15 MHz. Pulse Monitors, Inc,
Moorestown, N.]J.

Circle No. 204 on Inquiry Card.

The amazing Little Torch is so tiny
it can throw a flame of 6300°F.
through the eye of a needle. It sol-
ders, brazes, welds and heats with
exacting precision in the smallest
places; uses oxygen and acetylene,

Need high temperatures in tiny places?

‘Little Tordd,

R k_;:y 23 5
Dept. 136-9, 2633 S.E. 4th St., Minneapolis, Minnesota 55414

hydrogen, propane, natural gas or
Mapp. It's available with five tips
‘ranging in size from one large
enough to weld 16 ga. steel to one
small enough to weld .002" copper
wire. For free brochure write to:

fTescom

CORPORATION

rument

oivision

CIRCLE NO. 41 ON INQUIRY CARD
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~cades of control

VARIABLE VOLTAGE STANDARD

AN3100 variable dc voltage stand-
ard provides 100 pV resolution of any
voltage up to =11.1110V. Five de-
in constant incre-
ments are provided by front-panel
rotary switches and a =1 mV vernier.
A builtin 100:1 divider permits an
additional =111.110 mV output range.
Output current is 50 mA with short-
circuit protection.

Warm-up time to rated accuracy
(ISA) of 0.005%, of reading =50 pV
is less than 10 minutes, and tempera-
ture coefficient over the 0°C to 70°C
temperature range is 0.00029,/°C. DG
output impedance is 10 milliohms, and
external load capacitance has no effect
on accuracy. Maximum common mode
voltage is 500 V. Analogic Co., Walt-
ham, Mass.

Circle No. 213 on Inquiry Card.

PAM AND PDM DECOMMUTATORS

Designed for ultra-high-speed de-
commutation of PAM and PDM sig-
nals from 1 to 100,000 pps, Series APS-
1000 decommutators provide selectable
computer or manual control of all op-
erating functions. Also provided is
complete input signal conditioning
and synchranization (frame and pulse)
for PAM-RZ/NRZ and PDM normal
or differentiated signals and parallel
analog and digital (10-bit) output data
for recording and processing equip-
ment. '

Other features include: automatic
digital ranging (level and gain) of the
input amplifier; data zero and full
scale correction servos; selectable
frame lengths up to 999 channels;
parallel and serial 10-bit natural bin-
ary outputs for each input data pulse.
Stellarmetrics, Inc., El Segundo, Calif.

Circle No. 209 on Inquiry Card.
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NUMERIC KEYBOARDS

Low-profile, unitized Model NW
modules are available in both 12-key
and 16-key arrangements in Form A
contact structure with vertical columns
bussed. The NW modules may be fitted
together in a variety of combinations
and colors without affecting crucial
key spacing. Both square and trun-
cated button styles have molded-in
legending.

Terminations may be made to
printed circuit boards or with quick-
connect terminals. A wired and en-
coded version is also being offered.
The silent keys which will function
from +35°F to +125°F. Micro Switch,
a division of Honeywell, Inc., Free-
port, Il

Circle no. 239 on Inquiry Card

ACTIVE BANDPASS FILTER

The DE500 series of active band-
pass filters with integral detector cover
the 1 Hz to 10 kHz frequency range.
Fast  detector response time makes
these units ideal for all tone-burst
control  applications—voice  coding,
acoustical coupling, facsimile, and fre-
quency shift keying.

Typical for the 2125 Hz model is an
80 Hz passband with greater than 60
dB attenuation at 170 Hz.

Common features of the DE500
models include: Input signal, 1 to
5 Vrms; Input impedance, 600 ohms;
Operating voltage, 12 to 15 Vdc at
100 mA; Size, 1x2x3”; Weight, 10
ounces. Diversified Electronics Com-
pany, Inc, Sunnyvale, Calif.

Circle no. 235 on Inquiry Card

" DATA COUPLER

Series 1500 solid state Iso-Switches
can transmit data at bit rates up to
500 kHz over a distance of 1,000 feet
and up to 100 kHz over 10,000 feet.
It will operate with as much as 500V
offset between input and output and
needs no external power supply; it
operates entirely on signal power. In-
put voltage can range from- =15 V;
output range is up to 150 mA. Any
logic signal level conversion can be
accomplished without additional level
converting circuits. The series can be
inserted directly into Dual In-Line IC
package sockets, socket backplanes,
and printed circuit card layouts for
DTL, TTL and HTL ICs. Iso-Switch
Corp., Costa Mesa, Calif.

Circle no. 233 on Inquiry Card

Have you noticed which disc
memories your competitors
use now?

Five computer manufacturers and
six data systems builders have
adopted Data Disc memories as a
standard rapid-access peripheral
storage.

They’ve discovered that Data Disc
memories cost about 35% less
than any other head-per-track disc
memory of equal storage capacity.

Perhaps you wonder how a top-
quality machine can cost so little.
‘Well, cost per disc, per track, per
head or per drive is no less than
any other reliable memory. But
cost per bit stored is far less—sim-
ply because our “in-contact” re-
cording technique stores twice as
many bits per inch as older “float-
ing head” techniques.

“In-contact” recording —in which
heads ride in gentle contact with
a highly polished disc—is five years
old now. It has proven its long-

CIRCLE NO. 42 ON INQUIRY CARD

term reliability in hundreds of Da-
ta Disc memories now operating
across the nation. We guarantee an
error rate less

than 1 partin s 1
10, and tests by-=4.

our customers

show typical er-

ror rates 1000 AnF-Series
times better. head-per-track system

Our F-Series head-per-track sys-
tem comes with storage capacities
of 0.8, 1.6, 3.2 and 6.4 million bits.
It has an average access time of
16.7 ms, and stores 100,000 bits on
each track—enough to fill the core
memory of a small computer. And
the whole system fits in 834" of
rack space.

For complete information contact
Data Disc, Inc., 1275 California
Avenue, Palo Alto, California
94304, Phone (415) 326-7602.

D) DATA DISE




cramped
for space?

Actual Size: 1.0 USEC |
15'/ X 3(/ X 31/

V|dcor

“micro mini”

delay lines ™
"

» Smallest delay line built

o Wide range of delay values

e Conforming to MIL-D-23859

* Designed for low-cost high-produc-
tion runs

* Prototypes — fast delivery

For catalog or quote:

VIDGOR CO., Inc.

1251 W. EI Segundo, Gardena, Calif. 90247

Telephone (213) 757-0110
CIRCLE NO. 43 ON INQUIRY CARD
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NEW PRODUCTS

A/D CONVERTER

Model HS-810 will assign up to ten
million eight-bit binary numbers per
second to a wideband analog signal.
Codes available are straight or offset
binary; 1’s or 2’s complement; or Gray.

The unit has a maximum error of
0.29%, +14 LSB and a maximum aper-
ture time of 0.4 nanosecond. Com-
plete with internal sample-and-hold,
automatic test features, and power
supplies. Input power 47-420 Hz; 115,
208, or 220 V. Computer Labs, Greens-
boro, N.C.

Circle no. 227 on Inquiry Card

MOLDED DELAY LINE

Only 1.72 in. long, with a diameter
of .308 in.,, this all-molded, miniature
delay line is designed for wuse in
computers, pulse forming networks,
printed circuit boards and other ap-
plications where space is limited.

Delay lines feature a time delay of
21ps, =#.02us, an impedance of 140
ohms and a maximum rise time of
.04ps.

Temperature coefficient is 100PPM/
Ce. Standard models feature Type EE
No. 22 AWG extruded, flexible Teflon
leads with 1000V insulation. PCA
Electronics, Inc., Sepulveda, Calif.

Circle no. 229 on Inquiry Card

" HIGH/LOW VOLTAGE DETECTOR

The HLD-1 will detect and indicate
any voltage excursions—as short as
50 ns—above or below preselected volt-
age thresholds. The unit handles sig-
nals as high as 40V peak.

A modified version of the HLD-I
monitors sine, pulse or other repeti-
tive input waveforms for amplitude
changes on a one cycle basis up to.
10 MHz. This requires that a suitably
timed logic level signal be available
to ‘“enable” the unit at the proper
time.

The HLD-1 is mounted on a glass-
epoxy, printed circuit card measuring
4”7 x 2.75” x .75”. The unit mates with
a standard 22 pin connector. (.156
centers). MCG Electronics, Deer Park,
NY.

Circle no. 214 on Inquiry Card

DIGITAL BUFFER

Capable of accepting and storing
digital information and transmitting
it as required at the necessary speed
and format, the Digi-Buffer uses in-
dependently-controlled dual capstan
drives, one for recording and one for
reading. Information is stored on a
loop of standard magnetic tape; Model
MS 200 is capable of storing 40,000
characters while Model MS 3000 stores
up to 250,000 characters. Speeds are 0
to 200 wpm and 300 wpm respectively.
The tape is driven directly from the
motor shaft without the use of pinch
rollers, brakes or clutches. Magnetic
Recording Systems, Inc., Westbury,
LI, N.Y.

Circle no. 225 on Inquiry Card
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IC OP AMP

The LMIOIA provides bias currents
of 100nA and offset currents of 20nA
over a —55°C to 125°C temperature
range. Offset voltages of 3mV, offset
voltage drifts of 15uV/°C, and offset
current drifts of 0.2nA/°C are also
guaranteed over full military tempera-
ture range.

The LMI10IA is interchangeable
with the LM101 and the 709. The de-
vice also features: overload protection
on the input and output, no latch-up
modes, frequency compensation with a
single 30 pF capacitor, and insensitivity
to oscillation with capacitive loads or
loose supply bypassing. National Semi-
conductor Corp., Santa Clara, Calif.

Circle no. 242 on Inquiry Card

10A NPN POWER TRANSISTORS

Three series of planar passivated
transistors—the 2N4150, the 2N2811-
2N2814, and the new 2N5552—pro-
vide the following electrical charac-
teristics: Sustaining Voltage, 80 V min
@ 100 mA; Current Gain, 50 min @
5A, 30 min @ 10A; Saturation Volt-
age, 1.0 V max. @ 10A; Turn-on
Time, 100 ns. max. @ 5A; Turn-off
Time, 700 ns max. @ bA.

Of particular significance in this
series is the 2N5552, a 10 A power
switch, which  offers high-speed
switching in a low thermal resistant
(15 Watts @ 100 degrees Centigrade)
TO-5 package. Solid State Products,
Div. of Unitrode, Salem, Mass.

Circle no. 241 on Inquiry Card

DUAL DIFFERENTIAL-INPUT AMP

The L120 dual differential-input am-
plifier consisting of 14 MOS FETs and
12 bipolar transistors on a single chip,
55 x 65 mils, can be used for sample
and hold, integrating and fast voltage
comparison applications. The amplifier
is unity gain stable with no external
components. Typically, input bias cur-
rent is 20 pA, input resistance is 2 x
1011 ohms. Output slew rate is 20 V/us
and the open loop voltage gain is 360.

The two amplifiers operate from =15,

volts and give #+12 volts out into a
20K load.

The L120 is packaged in the 10-lead
TO-100 configuration. Siliconix, Inc.,
Sunnyvale, Calif.

Circle No. 249 on Inquiry Card.

Serial memory
for sale bit by bit.

4 for a penny.

Why pay from 5 cents to as much as 20 cents per bit for some
other memory device when you can get a versatile, reliable
magnetostrictive delay line memory for as little as a quarter-cent
a bit. Whether you're looking for a memory module for alphanu-
meric CRT displays, computer terminal buffers, communications
buffering, radar and sonar signal processing systems, desk
calculator memories or any other temporary or peripheral storage
need, we can supply a serial memory that will do the job better
and cheaper in bit price and total unit price. Try us. Digital
Devicesdelay lines store up to 30,000 bits of information at 2 MHz.
Their reliability and temperature stability have been proven in
systems assembled and sold by leading electronics manufac-
turers. And they're adaptable to almost any use you can think of.
Let us know what you have in mind: total storage, access

time, internal bit rate, environment, physical configuration, inter-
face requirements and other pertinent data. We'll send you

an immediate answer. Write Digital Devices Division,

Tyco Laboratories, Inc., 200 Michael Drive, Syosset, L.1.,

New York 11791. Or call (516) 921-2400.

CIRCLE NO. 44 ON INQUIRY CARD
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NEW PRODUCTS

SCANNER A/D CONVERTER

Series 013-022 features: Multiplexer
speed to 400 samples per second; in-
tegrated circuit design throughout;
A/D converter capable of 10,000 read-
ings per second; visual, front panel
readout in decimal form; channel I.D.
available in BCD 1-2-4-8 with com-
plementary logic levels or in decimal
code; random access permits complete
computer control of scanner if re-
quired. Accuracy of A/D converter,
0259, of fs. =+lsd; resolution of A/D
Converter, 1%,. Pin board allows pro-
gramming of 4 functions per channel.
Analog Digital Data Systems, Inc,
Rochester, N.Y.

Circle No. 215 on Inquiry Card

CERMET POTENTIOMETER

Model 8262, a 12-turn pot, measures
25”7 x 25”7 x .177. It has a 0.25 watt
power rating at 85°C, a standard re-
sistance range of 10 ohms to 1 meg-
ohm, and an operating temperature
range of —65 to +175°C. Standard
specifications include Resistance toler-
ance, *=109%,; Temperature coefficient,
150 ppm/°C (100 ppm/°C available);
Absolute minimum resistance, 1 ohm
all resistances; Mechanical Life, 200
cycles without discontinuity; Load
Life, 1000 hours at rated power. In
addition, the Model 3262 cermet ad-
justment potentiometer is rated at
30G vibration and 100G shock. It
meets or exceeds all applicable re-
quirements of MIL-R-22097. Bourns,
Inc., Trimpot Products Div., River-
side, Calif.

Circle No. 212 on Inquiry Card

Eldema IS gettlng the business
- fromthe competltlon

The reason is 51mple We make panel
indicator lights to the same specs. And

we sell them for the same price. But

with us you don’t get lost in the shuffle.
Because, while we're 1arge enough to
take care of your needs, we're still small
enough to care. And our customers
appreciate that. You will too. Write for
our mdxcator light' catalog You'll find

that our competmon isn't really giving
_us the business. We're
simply taking some of

their business away.

“ELDEMA DIVISION :
GENISCO TECHNOLOGY CORPORATION

18435 SUSANA ROAD

 COMPTON, CALIFORNJA 90221

CIRCI.E NO. 45 ON INQUIRY CARD
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ANALOG-TO-DIGITAL CONVERTER

Model 8050 incorporates full digital
baseline offset for any channel address
from 0 to 8191. With built-in single
channel analyzer, baseline restorer,
flexible coincidence circuitry, channel
compression;  0.01%, - stability and
0.0259, linearity at 50 MHz digitizing
rates. Used with Geoscience Series 7000
Digital Processors. Price—$2,500. Geo-
science Nuclear, Div. of Geoscience
Instruments Corp., Hamden, Conn.

Circle No. 254 on Inquiry Card.

READOUT INDICATOR

The MG-19 ELFIN has a maximum
diameter of 0.413 inches and features a
character height of 0.433 inches. In
addition to numerals, the readout will
display a decimal point, a plus or
minus sign and some alphabetic char-
acters. Viewing angles up to 150 de-
grees are obtained. The neon elements
have a maximum breakdown voltage of
180 Vdc. Each cathode draws approxi-
mately 0.5 mA. External resistors must
be placed in series with each cathode
to limit the current to a specified safe
maximum. or less. The readouts are
suitable for dc or pulsed operation.
Maximum height of the glass tube is
1.535”. Alco Electronic Products ‘Inc.,
Lawrence, Mass.

Circle No. 248 on Inquiry Card.

DATA ACQUISITION SYSTEM

Model 710 contains a 16-channel
FET multiplexer which is expandable
to 64 channels with a switching speed
of Ips per channel. Accuracy of the in-
tegrating digitizer is 0.0159, of full
scale at a speed of 15 ms per conver-
sion. Optional successive-approxima-
tion A to D converter is available with
an accuracy of 0.025%, at 50 us per
conversion.

Control and display panel includes
a sample rate switch, 5-digit file num-
ber entry switch, and multiplexer con-
trols. The data and MUX address are
displayed on incandescent lamps, with
Nixies optional.

Standard output medium is 7-track,
computer-compatible magnetic tape.
Packing density is 556 bpi and maxi-
mum operating speed is 300 c/s. 4,000
c/s continuous rate is optional. Di-
mensions are 21”7 x 23” x 2515”. IRA
Systems Inc.,, Waltham, Mass.

Circle No. 247 on Inquiry Card.
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HIGH SPEED TAPE SPOOLER

Type 4030 tape spooler is capable of
speeds up to 60 inches/second (reading
speed), and contains a servo mechan-
ized tape tension system that cnsures
trouble-free handling of tape at high
speeds. A high speed rewind facility
permits tape to be rewound at speed
of up to 180 inches/second in either di-
rection.

The unit is equipped with 8” NAB
reels, which store up to 800 feet of
0.0045” paper tape. To facilitate tape
loading, each servo arm can be latched
at its outer extremity. Ferranti-Packard
Electric Ltd., Electronics Div., Ontario,
Can.

Circle No. 250 on Inquiry Card.

DISC MEMORIES

A series of head-per-track disc memo-
ries that interface directly with all
types of commercial digital logic:
TTL, DTL and RTL. The memories
use an “in-contact” recording tech-
nique to store up to 6.4 million bits on
a single disc surface.

Available are Model F6 (6.4 million
bits), Model F3 (3.2 million bits),
Model F1.5 (1.6 million bits), and
Model F.75 (0.8 million bits). Average
access time is 16.7 ms, and data transfer
rates can be as high as 3 million bits
per second. A complete memory system
occupies 8-34"” of rack space. A separate
power supply is available as an option.
Data Disc, Inc., Palo Alto, Calif.

Circle No. 245 on Inquiry Card.

LAMP AND RELAY DRIVER

Model 831 is a hybrid cermet thick-
film driver which provides a conven-
ient pre-engineered interface between
digital IC levels (typical to computer
logic) and output or control devices
which demand considerably larger
power levels.

It provides the complete required
step-up in power level without the
need for external pass transistors. It
features a 0 to 4-60 V operating range;
two circuits per package; a 0 to 1 A
current capability (1.8 A in parallel);
standard DTL input levels, and a
—55° to 4125°C operating tempera-
ture range.

Completely self-contained, this solid-
state unit occupies 0.5 sq. in. of board
space. It is fully sealed and environ-
mentally tested. Helipot Div., Beck-
man Instruments, Inc., Fullerton,
Calif.

Circle No. 246 on Inquiry Card.

MEMORY DRIVE MODULES

Type 905Z and 906Z Moduline TM
memory-drive circuit assemblies com-
bine miniaturized inductive elements
with metal-film resistors on ceramic
substrates. The hybrid driver packages
are available in jumbo dual in-line
packages (Type 905Z) as well as DIP
assemblies (Type 906Z).

The modules make it possible to
obtain, in one package, pulse charac-
teristics necessary for functional opera-
tion without the need for developing
an elaborate system of guard-band tol-
erances on individual components re-
quired for discrete component assem-
blies which have hitherto been used
for computer memory-drive circuits.
Sprague Electric Co., North Adams,
Mass.

Circle no. 220 on Inquiry Card

ACOUSTIC DATA COUPLERS

Model 300, with a standard tele-
phone, can be used as a communica-
tions tool for terminal-to-computer
operations, and for data conversations
or information input/output between
two terminals. Model 260, with a
standard telephone, can be used to
couple a remote terminal to a time
sharing computer.

Both acoustic data couplers transmit
data from the terminal to the coupler
where it is transformed into modu-
lated tone signals. These signals then
are acoustically transferred to the tele-
phone handset placed in the coupler’s
cradle and sent to the time sharing
computer over an ordinary telephone
line. Dura, Div. of Intercontinental
Systems, Inc., Palo Alto, Calif.

Circle no. 216 on Inquiry Card

Nothing can print
SO much so fast.

Litton Datalog’s MC 8800 —the Ultra High Speed
Printer that’s not for everyone.

If you need the incredible
speed of 6000 lines a min-
ute, 88 columns per line,
from any digital source,
you must get the MC 8800
— nothing in the world can
match it. But along with speed,
this silent, non-impact printer offers

serial input, modular construction,
5000 hour MTBF and easy computer com-
patibility as well.

It's a package that's truly unique, truly state-
of-the-art. If you need less, take a look at other
Datalog fiber optics printers; but if you need
unequalled capacity, call us about the MC 8800.
Datalog Division of Litton Industries, 343 San-
some St.,SanFrancisco94104.(415) 397-2813.

DATALOG DIVISION
LITTON INDUSTRIES

CIRCLE NO. 46 ON INQUIRY CARD

87



DATA COMPARATOR

Series 800 is a programmable data
comparator that provides monitoring
of up to 100 points, with a point scan.
ning frequency of 200kHz. Program-
ming is sequential. Specifications in-
clude: Capacity, 20, 40, 60, 80 or 100
points for one limit only or coinci-
dence detection of 10, 20, 30, 40 or 50
points for two limits; Data word
length, four BCD digits, plus signal;
Address, two-digit BCD set of signs;
Input signal voltage, 10V p-p max.
Switching threshold, 4-2.5Vdc or —2.5-
Vdc; Output voltage, —2 to —20V (be-
low ground) for negative swing, or
from 42 to +20V (above ground) for
positive swing. Systems Research Corp.,
Los Angeles, Calif.

Circle No. 228 on Inquiry Card

MAGNETIC TAPE UNIT

Model DV-315 completely self-con-
tained portable magnetic tape unit
has one million character storage ca-
pacity, is only 6” high x 12” wide by
10” long, and weighs approximately
15 1bs.

Standard 5” reels of 14” tape are
employed with a speed of 714" per
second. Interfaces for most commonly
used small computers are packaged as
part of the unit. Data is recorded
using phase modulation techniques

- and the basic transfer rate is 3.5 Kbps.

Its portability makes it ideally suited
for field maintenance and allows it to
be shared among many centrally lo-
cated computer systems. Betatech, Inc.,
Bedford, Mass.

Circle No. 205 on Inquiry Card

Replace paper
tape, delay lines,
drums, efc. with. ..

NEW
DIGI-STORE

Magnetic Tape BUFFER-STORE DS-3

B Independent-asynchronous bi-directional

read and write
N Integrated circuit reliability

B Minimum maintenance . ..
only two moving parts

B Self-contained special interfacing available

Ideal for:

Buffered rate change, data accumulation,
editing, message sorfing/routing, and other

dafa handling applications.

CIRCLE NO. 47 ON INQUIRY CARD
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SQUARETRIM CERMET POTS

A line of cermet 14” Squaretrims,
series 556, 557 and 558, are available
in base pin, flexible lead and side pin
models and offer essentially infinite
resolution and low temperature coeffi-
cient. They are available in values
from 200 ohm to 1 megohm, have a
power dissipation of 0.75 watts @
+85° G, and feature exceptional sta-
bility when subjected to rigorous ex-
tremes of environmental stress. Oper-
ating temperature range is from —55°
C to +150° C. Weston Components
Div., Archbald, Pa.

Circle No. 261 on Inquiry Card.

ONE-OF-16 DIGITAL DECODER

The 9811, a MSI circuit designed
to convert four digital inputs into
one of 16 mutually exclusive digital
active-level low outputs features a
built-in enabling capability and high
speed performance (20 ns through
delay).

These features make the device suit-
able for a wide variety of cascaded de-
coding, demultiplexing and conversion
applications. Systems which can bene-
fit most from the 9311 design are
digital systems for computers, process
control, radar, display, communica-
tions, data acquisition and instru-
mentation.

The 9311 is available in a 24-pin
hermetic Dual In-Line. package and
flatpack. Fairchild Semiconductor, Mt.
View, Calif.

Circle No. 240 on Inquiry Card

PORTABLE 5” OSCILLOSCOPE

The PM 3221 5” (10 x 8 cm useful
display area) single beam oscilloscope
offers two frequency/sensitivity ranges:
dc to 10 MHz at 10 mV/cm and dc to
2 MHz at lmV/cm. A time/cm selector
provides for triggering on frame and
line signals of all preserit black/white
and color TV systems as well as for
horizontal deflection with an external
signal (sens. 1 V/cm dc coupled to 1.5
MHz.). Other features include: dc
zero reference; calibrating voltage (5
Vpp at 8 kHz, square wave); and ver-
tical signal magnification of 3x (for
24 c¢m of undistorted vertical deflec-
tion); signal delay 100 ns. The time
base generator allows continuous or
stepped adjustment of time/cm in a
1, 2, 5, 10 sequence; sweep expansion
of 1, 2, or bx. Philips Electronic In-
struments, Mt. Vernon, N.Y.

Circle No. 258 on Inquiry Card.
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SIGNAL PROCESSING SYSTEM

A signal processing system, Compu-
Signal System-3 (CSS-8) is a desk size
unit with teletypewriter, input sam-
pling, display, output, control, and
software included. It is capable of
continuously performing fast fourier
transforms (FFTI’s) in real time to
2.0 kHz bandwidth or in blocks of
real time to 35 kHz bandwidth.

The CSS-3 performs FFT'’s, zoom
FFT’s, auto correlations, cross-correla-
tions, convolutions, averaging, histo-
grams, a variety of filters and other
standard signal processing routines.
Computer Signal Processors, Inc.,
Waltham, Mass.

Circle No. 260 on Inquiry Card.

PUNCHED TAPE READER

The EECO 3100 ruggedized photo-
electric reader will withstand 2g vibra-
tion from 5-33Hz, and 25g shock. Op-
erating temperature limits are —40°C
to +70°C.

It uses standard 8-level, 1”7 wide
punched aluminized mylar, paper
mylar or paper tape and operates free
run or rewind at 300 cps. Spooling
will handle up to 100 feet of tape
(12,000 characters), spooled to and
from removable reels. Output is 8 bits
plus sprocket—the sprocket output is
available as a clocking signal.

Power requirements are +5 Vdc at
1 A; 115 Vac, 60 Hz at 100 mA. It meas-
ures 8”"w x 314"h x 534”d and weighs
514 1bs. Electronic Engineering Com-
pany of California, Instruments Div.,
Santa Ana. Calif.

Circle No. 232 on Inquiry Card

COUNTING DISPLAY

MDP Series of panel-mounted,
multi-decade counting displays with
built-in preset comparator consists of
a counting module and digital display
plus a thumbwheel-operated digital
comparator. The count can be stored
in the display at its preset count value
or automatically reset to zero after the
preset number has been reached.

The outputs from the MDP Series
are: 1. a visual display of the number
counted; 2. a flip-flop signal indicat-
ing when the preset number has been
counted; and 3. complimentary BCD
output from the counter. It also has a
carry output from the most significant
decade and may be reset at any time.

The MDP is available in any com-
bination from 1 to 9 count—display—
preset positions. Instrument Displays,
Inc., Haverhill, Mass.

Circle No. 257 on Inquiry Card.

D.I.P. SOCKETS

Series 8359 D.I.P. sockets are uni-
versal mounting devices for all stand-
ard dual in-line package IC's with 14
or 16 pins. Compact, low profile insu-
lator permits high packaging density.
Side-by-side mounting on 14” centers;
in-line mounting on .800” centers
(14 pin) or .900” centers (16 pin).
Easy D.I.P. insertion is due to cham-
fered edges on the D.I.P. lead entry-
ways. Insulator lid is removable to
allow access to contacts. Contacts have
a double-leaf design for positive wip-
ing action against dip leads. Contact
tails are .025” square and are available
in lengths for solder or wire-wrap
terminations. Socket is mounted to p.c.
card with a 34¢” ‘rivet; metal plate
mounting special adapter. Elco Corp.,
Willow Grove, Pa.

Circle No. 221 on Inquiry Card

¢

DATA STATION

The DS-20 contains a small pro-
grammable computer, a 7- or 9-track
compatible read/write magnetic tape
system, ASR-33 teleprinter, and an
interface to a Western Electric Type
103 or 202 data set. Options include
a multiplexer to service up to 32 tele-
types, IBM Selectric typewriter, inter-
faces for 201 or 401 data sets, con-
trol unit for automatic dialing, and
additional tape drives. Two-way com-
munication is effected through the
TWX or Telex networks, or over
ordinary dial-up or leased telephone
lines. The DS-20 exchanges data with
IBM transceivers, 2740 and 1050 ter-
minals, teletypes, CalComp plotters,
CRT displays, card readers, paper
tape readers, other I/O devices and
other DS-20’s. Infotec, Inc., Rye, N.Y.

Circle No. 224 on Inquiry Card

BUILD MDS

Write,

QUALITY”

MDS BUFFERED
TAPE UNIT

Transcription . .
of magnetic tape . . . in the MDS 701 and 901 Buffered
13 Tape Units. These units are buffered magnetic tape

DATA'RECO RDER transports; each providing three modes of operation...
Read and Search.

MDS 701. .. Handles data on 7-channel tape at 200 bpi.
MDS 901 ... Handles data on 9-channel tape at 800 bpi.
Input and output communication between a parent
INTO YOUR SYSTEMS machine and the magnetic tape is via a program con-
trolled buffer. The controller is your own, designed to

" ar fit your application.

Easy integration with a system is made possible
through the asynchronous bit parallel, character serial
interface provided with the 701 and 901. And you get
the high speed, solid state electronics, quiet operation
and versatility that are engineered into all MDS Data-
Recorders.

. verification . . . all the advantages

Ask for: Folder file on MDS 701/901
Butfered Tape Units

FOR MORE — MEET YOUR MAN
FROM MDS

MOHAWK] V]

DATA SCIENCES CORPORATION
OEM VIARKETING
122 E. Ridgewood Ave. ¢ Paramus, N.J. 07652
Telephone 201/265-7333

Every MDS Office is an OEM Marketing Office
Digital Strip Printers ¢ Buffered Tape Units
High-Speed and Low-Speed Line Printers
Card Punches and Readers

CIRCLE NO. 48 ON INQUIRY CARD
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Model S1301A

Get technical literature on the only totally portable, solid
state oscilloscope. Operates from optional internal battery
or from 110/220 vac, 50 to 400 Hz line voltage. Features
include: 20 MHz bandwidth; 17 nsec rise time; 18 ranges of
calibrated sweep speeds; internal voltage calibrator; and
triggering stability in excess of 30 MHz.

Write for Bulletin TIC 3316 to Motorola Communications &
Electronics Inc., 4501 W. Augusta Blvd., Chicago, Ill. 60651

MOTOROLA

Precision Instrument Products

CIRCLE NO. 49 ON INQUIRY CARD

{ CHALCO DELIVERS TAPE )
READERSINJUST7DAYS

HIGH SPEED
PHOTO-ELECTRIC TAPE READERS

Occupies only 31" of panel space = Spoolers for
200 to 1,000 feet of tape w Operates asynchronously
at any rate between 0 and 150 cps ® Slews at 600 cps
and stops “on character” = Lamp is unconditionally
guaranteed for 1 year.

*650%..

For catalogue describing the complete line of
Chalco tape readers write, call or telegraph:

CHALCO _'
ENGINEERING ..
CORPORATION

Electronic-Electromechanical Systems and Products
15126 SO. BROADWAY, GARDENA, CALIFORNIA « FA 1-0121 J
TWX 213-327-0167 -

CIRCLE NO. 50 ON INQUIRY CARD

90

NEW PRODUCTS

PLATED WIRE MEMORY STACKS

Memory stacks have typical read cycle times of 150 nano-
seconds with a 400 nanosecond write cycle. The basic stack
size is 8,192 words of 18 bits. Other stack sizes, such as 16K
x 9, 4K x 36 and 2K x 72, can be derived from the basic
unit. The stack is designed to operate in a non-destructive
read-out mode with equal read and write word currents.

The memory is made up of two double-sided planes with
256 word lines with 144 plated wires on each plane. The
overall stack size is 9” high by 1914” long and 174” wide.
The plane construction offers single turn word line with
one crossover per bit and one noise cancellation wire every
four plated wires. Word line current is 900 mA nominal
and digit line current is =40 mA nominal. Output voltage
ranges from 3 to 5 mV after a worst case disturb pattern.
Ferroxcube Corp., Saugerties, N. Y.

Circle No. 244 on Inquiry Card.

DUAL IN-LINE PACKAGING DRAWERS

Four models of horizontal equipment drawers, specifi-
cally designed for dual in-line packaging offering integral
drawer slide/side panels and one-piece multi-purpose front
and back panels, are available in a new integrated circuit
packaging system.

Equipment drawers, Models DHA, B, C and DHD, man-
ufactured of sturdy extruded aluminum, are EIA standard
134” high and installed in a standard 19” equipment rack.

Models DHA, B, and C feature integral power buss bars
running parallel to the front of the drawer which hold the
DIP carrier stix running perpendicular to the front of the
drawer. Model DHD has integral power buss bars running
perpendicular to the front of the drawer and mounts the
DIP carrier stix parallel to the front panel.

Models DHA and DHD are center mounted drawers,
Model DHB is front to back mounted and model DHC is
back to front mounted. Scanbe Manufacturing Corp., Mon-
terey Park, Calif.

Circle No. 230 on Inquiry Card.
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SYNCHRO/DIGITAL CONVERTER

An airborne synchro-to-digital conversion system con-
tained in a 200 cubic inch package, converts synchro inputs
to a binary code equivalent. A multiplexer selects one of
five specified input synchros from an external address com-
mand signal, then the synchro under test is converted to a
resolution and accuracy of 13 bits.

The maximum conversion time for a 180° change of in-
put angle is 10 ms. At the end of the conversion period, a
data ready signal is generated for data transfer as a parallel
binary output. This signal indicates completion of conver-
sion with the output data representing the equivalent input
synchro shaft angle.

The unit is contained in a single package with overall
dimensions of 4.5” h x 5”7 w x 8.9” 1 and weighs 6.95 1bs.
Astrosystems, Inc., New Hyde Park, N. Y.

Circle No. 243 on Inquiry Card.

DATA ACQUISITION SYSTEM

The 720999 System is designed to acquire analog data
from a variety of scientific experiments and record the digi-
tal equivalent of that data on an incremental magnetic
tape recorder to be processed by a digital computer.

Throughput rate of the system is determined by the tape
recorder. The basic system consists of a multiplexer, sample
and hold, AD converter, sequence control, format unit and
an incremental magnetic tape recorder. Options are avail-
able for various acquisition rates, tape densities, and 7-
and 9-track formats.

Features include complete system in one unit suitable
for 197 RETMA rack mounting, selectable record lengths
to fit existing computer programs, and an optional digital
multiplexer.

System specifications are: number of channels—16 (single
ended); voltage range—=10 V full scale; sample rate—up to
500 samples per second with resolution of 12 bits; accuracy
—+0.05% of full scale (+14 LSB); power—115 V, 50-60 Hz;
and size—19” wide, 14” high, and 18” deep. Redcor Corp.,
Canoga Park, Calif.

Circle No. 231 on Inquiry Card.

e are
about to

embark on
one of the
most
significant
development
programs in
our history.

Foxboro is now staffing the Design and Development
groups which will be responsible for the digital and
analog technology for the next generation of Foxboro's
Systems Products. As a member of this staff, you will be
involved in development projects from initial marketing
and research inputs through to manufacturing.

The work will encompass advanced Real Time Systems,
Computer-based CRT Display Systems, Digital Logic
Design using MSI and LSI Circuitry, I/O Communica-
tions, Software Product Development and related sys-
tems technology.

The opportunities now available are too numerous for
proper description in any single advertisement, there-
fore we invite your personal inquiry if your background
and career interests fall into one of the following profes-
sional areas:

Development Systems Engineering + Circuit Design En-
gineering - Logic Design Engineering * Electronic Pack-
aging Engineering + Electromechanical Engineering + 1/0
Design Engineering « Product Development Engineering
» Systems Design Engineering + Design Programming -

Inquire by collect telephone, (617) 543-8750, or by
resume to Mr, Robert Ash, Professional Placement Su-
pervisor, The Foxboro Company, Dept. CD1, Neponset
Avenue, Foxboro, Massachusetts 02035. Look into other
career building opportunities with Foxboro, an equal
opportunity employer.

FOXBORO’

CIRCLE NO. 904 ON INQUIRY CARD
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If You

Are In 0e000000O0OCGOOEOS

e READ-WRITE
MAGNETIC
HEADS

ROTATING
DISC
MEMORY

JSTEMS /CALMONT

SOLVES ALL STIFF
WIRE PROBLEMS

Calmont offers several standard off-the-shelf
constructions with excellent flex life . .. in the
millions . . . wet noodle flexibility.
Other applications include gyro systems, shaker
assemblies, flying head assemblies, etc. Insulation
selections include silicone rubber, Teflon, PVC, etc.
Construction selections: Ribbonized flat cable and
miniature round cable—cabling capacity from single
to 200 conductors.

Write or call for further information.

I N NN R NN RN RN R NN

CALMONT

WIRE & CABLE, INC.
420 East Alton Street
Santa Ana, California 92707

custom wire & cable ¢ extruded plastics ¢ tubing

Telephones:

714/549-0336
213/625-1835

200 cce0nssccvos e

* insulations

CIRCLE NO. 51 ON INQUIRY CARD

Keep Computers
Clean with

Nylon
AIR
Filters!

These new
air filters
were especially
designed for use
in packs to protect information storage systems
from dust and contaminants. They are of one-
piece molded nylon construction with a nylon
mesh of 44 micron (.00018”) fineness.

Nylon filter screen permits freer air flow than
most other filtering materials without reduction
of filtering efficiency. Available in several styles
and sizes!

Call or write for complete information!

NYLON FILTER CORP.

HEBRON, ILLINOIS 60034 Phone: 815/648-2416
CIRCLE NO. 52 ON INQUIRY CARD
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NEW PRODUCTS

7-TRACK DATA RECORDER

The KB-600 Datascribe™ features a 64-character move-
able keyboard with 16 special keys for control or BCD
codes, stylized panel controls, direct-reading visual displays,
keyboard interlocks, automatic audio-visual error annuncia-
tion and noise-abating tambour doors.

The datascribe’s tape transport provides automatic tape
positioning and recording, verifying and searching at speeds
of up to 32 ips. A high-speed rewind is also featured. Re-
cording in gapped format at a packing density of 200, 556
or 800 bpi is a standard feature. Full tape security checks
are provided, including longitudinal, lateral and bit-by-bit
comparison with memory.

Options available with the KB-600 include alternate pro-
grams, expandable memories, reusable program storage, left
zero programming, odd or even parity and expandable
record sizes from 80 to 200 positions. Vanguard Data Sys-
tems, Newport Beach, Calif.

Circle No. 251 on Inquiry Card.
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DIGITAL-TO-ANALOG CONVERTER

The DA40 D/A Converter provides 16 channels of ana-
log output (from 10-bit digital input) in a compact, self-
contained package. Up to 16 DA40 assemblies can be con-
nected to the same input lines to form larger systems with
as many as 256 analog outputs. A front panel for full man-
ual control is available and the unit contains its own power
supply.

The DA40 accommodates all the digital functions asso-
ciated with conversion, including unit-address and channel-
address decoding. Control circuits route the 10-bit input
data to the desired channel. Each channel contains an in-
ternal register to store the digital data during conversion,
allowing new data to be inserted at 2us intervals. Either a
direct logic interface or a remote cable interface is provided
to connect the digital controlling device. Negative values
of digital input can be in either two’s complement or one’s
complement form.

Analog output is accurate to within 0.19, of full scale;
maximum output swing is —10V to 10V, at full load cur-
rent of =20 mA. Scientific Data Systems, El Segundo, Calif.

Circle No. 201 on Inquiry Card.
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LOGICAL COMPUTER

Model LC44 is a small logical computer, suitable for
study of Boolean relationships, including those with feed-
back. It has four inputs and four outputs. Each output
may be programmed to be any Boolean function of the
four inputs. Programming is accomplished by pinboard.
The four inputs may be set by their panel switches or an
external logical source. Each output has an indicator lamp
and is buffered to drive external devices. Outputs may be
fed back into inputs to provide logical equivalents of flip-
flops, counters, linear sequences, etc. Construction is TTL,
5 volt silicon DIP logic. DVC, Dayton, Ohio.

Circle No. 255 on Inquiry Card.

AUTOMATIC WIRING AND CIRCUIT ANALYZER

An automatic test system checks point-to-point continuity
of electronic equipment wiring and circuitry at speeds as
fast as 3,000 termination points per minute. The Omni-
Tester Model 1000 checks continuity resistance, hi-pot,
leakage resistance and dynamic characteristics.

In continuity testing the OmniTester not only verifies
the presence of required wiring, but also checks to insure
that no extra connections are present. In dynamic testing,
it verifies the presence of required voltages, currents, impe-
dances, or resistances in response to programmed stimuli.
Test results are printed out in permanent record form.

The tester employs a self-programming feature which
enables it to prepare its own punched tape program by

automatically analyzing a known working sample of a pro-
duction prototype of the wiring. Expansion of the basic
system capacity to test as many as 100,000 termination
points is easily and economically accomplished by the addi-
tion of modular plug-in units of 30 points cach.

The basic model is housed in a single console which
measures 51”7 h x 2814” w x 2614” d. Teleproducts, Inc.,
Moorestown, N.J.

Circle No. 253 on Inquiry Card.

RF! FILTERS

Four RFI filters for data processing equipment feature
the following parameters:
Type E-5177, 2x30 A, 250 Vac. Dimensions: 9.75 in. long x
6.0 in. wide x 2.38 in. high. Attenuation: greater than 50
dB from 150 kHz to 1 MHz.
Type F-5120, 25 A, 250 Vac. Dimensions: 3%¢ in. long x
134 in. wide x 274 in. high. Attenuation: greater than 50
dB from 300 kHz to 10 MHz.
Type F-5121, 3x50 A, 230 Vac. Dimensions: 8.5 in. long x
4.25 in. wide x 2.88 in. high. Attenuation: greater than
40 dB from 300 kHz to 10 MHz.
Type F-5122, 3x10 A, 230 Vac. Dimensions: 6 in. long
x 6 in. wide x 2 in. high. Attenuation: greater than 40 dB
from 300 kHz to 10 MHz. Hopkins Engineering Co., San
Fernando, Calif.

Circle No. 252 on Inquiry Card.

(cXeXz) SERIES 500 KEYBOARS

B Choice of 3 standard alphanumeric models:
47, 56, 73 keys or any specified arrangement

M Seven data lines ASCII + parity + strobe.

from 10 to 73 keys. Any or all keys illuminated.

B High reliability magnetic dry reed keys plus solid-
state encoding. Solid-state keys available Jan. 1969.
Will be completely interchangeable with present designs.

B Flexible design. Easily adapted to your requirements
for prototype evaluation.

GRI Keyboard designed especially for
data entry and retrieval on computer
used in airline reservation system.

0.E.M.’s —Do you need a special keyboard to mount in your
own cabinet? If you need only one or thousands, we will
customize them for you at low cost. Fast service, too...

For complete information contact: GEORGE RISK INDUSTRIES, INC.

672 15th Ave., Columbus, Nebr. 68601 « Phone: 402 —564-2777

CIRCLE NO. 53 ON INQUIRY CARD
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@ LITERATURE

Discrete Semiconductors

A line of discrete devices from diodes
to FETS to power transistors are listed
in this catalog. Fairchild Semiconduc-
tor, Mt. View, Calif.

Circle No. 329 on Inquiry Card

Micro-Logic Cards

A 44-page catalog lists and describes
the electrical and mechanical features
of a line of 5 MHz micro-logic circuit
cards, designated Series G 150 T. Con-
trol Logic, Inc., Natick, Mass.

Circle No. 303 on Inquiry Card

Brushless DC Motor

A line of miniature brushless dc mo-
tors with solid-state controls is the
subject of this two-color, 4 page book-
let. Siemens America Inc, Power
Equipment Div., New York, N. Y.

Circle No. 320 on Inquiry Card

Instrumentation Training Aids

An illustrated brochure, titled “In-
strumentation Training -Aids,” de-
scribes educational films and texts on
instrumentation technology that may
be rented and purchased. Instrument
Society of America, Pittsburgh, Pa.

Circle No. 306 on Inquiry Card

Connectors and Terminals

Specifications for 0.062 miniature and
0.093 standard nylon connectors, con-
nector housings and pin terminals are
contained in a 6-page illustrated cata-
log. Molex Products Co., Downers
Grove, Il

Circle No. 312 on Inquiry Card

Tape Recorders

Analysis of wideband rotary-head in-
strumentation tape recorders and their
applications are presented in a re-
printed article, “Rotary-Head Instru-
mentation Recorders: Description and
Uses” by Robert Horn. Ampex Corp.,
Redwood City, Calif.

Circle No. 301 on Inquiry Card
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MOS Static Shift Registers

A 20-page application report features
MOS shift registers and how to use
them in bipolar logic systems Texas
Instruments, Inc., Dallas, Texas.

Circle No. 317 on Inquiry Card

Computers

The latest issue of Computer Usage, a
quarterly publication, deals . with
“Computers and the Stock Market.”
Computer Usage Co., Inc, Communi-
cations Department, Mt. Kisco, N.Y.

Circle No. 304 on Inquiry Card

SDS Quarterly Magazine

“SDS and the Industry in Perspective”
is the title of the feature article in the
latest issue of Interface 16, a 12-page
quarterly magazine. Scientific Data
Systems, El Segundo, Calif.

Circle No. 324 on Inquiry Card

IC Cards

A performance specification and ap-
plications bulletin describes the MST—
2 level comparator IC card for dc level
detection, wave form restoration, pulse
shaping and Schmitt triggers. Wyle
Laboratories, E1 Segundo, Calif.

Circle No. 309 on Inquiry Card

Dual In-line Packaging

Dual in-line packaging, a new concept
in high density packaging of dual in-
line integrated circuit modules, is de-
scribed in a 20-page designer’s catalog.
Scanbe Manufacturing Corp., Monte-
rey Park, Calif.

Circle No. 313 on Inquiry Card

Cold Cathode Display Tubes

This data sheet describes the Datecon
DT series of low cost cold cathode dis-
play tubes, which meet virtually all re-
quirements—side view, end view, left
and right hand decimal points. Inte-
grated  Circuit  Electronics, Inc,
‘Waltham, Mass.

Circle No. 307 on Inquiry Card

AC Generator

Brochure #2010-PDL-868 features an
AC generator brush type or brushless,
class 720. Kato Engineering Co., Man-
kato, Minn.

Circle No. 308 on Inquiry Card

Serial Printer

A basic description, features, and de-
tailed specifications of the serial char-
acter printer SCP-12 are included in an
illustrated brochure. Adtrol Elec-
tronics, Inc.,, Philadelphia, Pa.

Circle No. 314 on Inquiry Card

PC Edge Card Connectors

A catalog data sheet provides informa-
tion on military-grade printed circuit
edge card connectors on .156 centers
with wire wrap terminations. Viking
Industries, Inc., Chatsworth, Calif.

Circle No. 326 on Inquiry Card

Electronic Consotrol Instruments

Bulletin C-10A summarizes and illus-
trates the design features, applications
and versatile mounting of a complete
line of small-case, solid-state electronic
Consotrol instruments. The Foxboro
Co., Foxboro, Mass.

Circle No. 311 on Inquiry Card

Multiconductor Cable

The steps utilized in producing the
multiconductor  cables:  extrusion,
shielding, wrapping, and jacketing are
described and illustrated in a four

page brochure. Microdot Inc, South

Pasadena, Calif.
Circle No. 327 on Inquiry Card

Unidirectional Stepping Motors

Five catalog bulletins provide detailed
specifications on a series of unidirec-
tional Cyclonome® stepping motors.
A 4-page cover bulletin describes de-
sign and performance features and
principle of operation. Sigma Instru-
ments, Inc.,, Braintree, Mass.

Circle No. 310 on Inquiry Card
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Data Generator

This bulletin contains advance specifi-
cations for the Model 214 data gener-
ator, a 13-channel pattern generator
with 10 MHz stepping frequency, suit-
able for design and testing memory
elements, memory systems, telemetry
systems, and digital logic systems. Data-
pulse Div., Systron-Donner Corp.,
Culver City, Calif.

Circle No. 302 on Inquiry Card

Power Supply

A 5 to 240-volt series of all-silicon,
modular power supplies is described
in the two-color technical bulletin,
LA968E, including full electrical and
mechanical specifications. Mid-Eastern
Industries, Inc., Scotch Plains, N. J.

Circle No. 316 on Inquiry Card

Stepping Motors

A 16-page brochure describes the latest
state-of-the-art in stepping motors. The
booklet contains a thorough explana-
tion of PM, VR and small angle step-
pers, complete with detailed specifica-
tions and usage. Computer Devices,
Inc., Santa Fe Spring, Calif.

Circle No. 325 on Inquiry Card

Printed Circuit Connectors

A comprehensive line of printed cir-
cuit connectors is the subject of a 24-
page catalog. Included are photo-
graphs, line drawings, electrical char-
acteristics and mechanical specifica-
tions. Amphenol Industrial Div., The
Bunker-Ramo Corp., Chicago, Ill.

Circle No. 323 on Inquiry Card

Analog/Hybrid Computers

Two additions to the EAI Applications
Reference Library are a 13 page re-
port entitled “Analog Computer Sim-
ulation . . . A Way of Thinking” and
a 14 page report entitled “Hybrid
Simulation of an Exchanger/Reactor
Control System.” Electronic Associates,
Inc, West Long Branch, N. J.

Circle No. 328 on Inquiry Card

Solid-State Displays

A 12-page bulletin on solid state dis-
plays discusses the three important
solid-state technologies of magneto-
optics, electroluminescence, and light-
emitting semiconductor devices. Gen-
eral Electric Co., Syracuse, N. Y.

Circle No. 321 on Inquiry Card

Pushbutton Switches

A complete line of illuminated push-
button switches and matching indica-
tor lights, featuring a versatile range
of mounting hardware and improved
styling, is described in this catalog.
Marco-Oak, Div. of Oak Electro/
Netics Corp., Anaheim, Calif.

Circle No. 322 on Inquiry Card

Data Acquisition System

This brochure provides detailed prod-
uct information, block diagrams and
complete specification data on the
Models 1000 and 1500 analog/digital
acquisition and recording systems.
Datatron, Inc., Santa Ana, Calif.

Circle No. 319 on Inquiry Card

Micro-Miniature Potentiometers

Comprehensive data on a series of
micro-miniature, trimmer potentiom-
eters is presented in an illustrated
brochure, entitled ‘“Micro-Miniature
Trimmer.” Electrical, mechanical and
environmental specifications are de-
tailed. Minelco, Holbrook, Mass.

Circle No. 318 on Inquiry Card

Quality Assurance

Quality assurance is the subject of this
16-page brochure which graphically
depicts the three interrelated quality
disciplines at Micro Switch: quality
control, product assurance and quality
appraisal. Micro Switch, a division of
Honeywell Inc., Freeport, Il

Circle No. 315 on Inquiry Card

Time-Sharing

A four-page brochure describes the
time-sharing concept of computer
usage and analyzes the inherent ad-
vantages. Remote batch processing and
on-site processing are explained, and
various computer languages listed. Re-
mote Computing Corp., Los Angeles,
Calif.

Circle No. 305 on Inquiry Card

ESC DELAY LINE
. SOLVE

high density
packaging
problems

ONLY 14” WIDE
MODEL 54-67

MODEL 13A27

| SM SERIES
FROM STOCK

An example of ESC's sophisticated
design capability is our Model 54-67
(size: 3”L x ¥a”W x %”H). Used in
an airborne application, this rugged
flat pack unit has a time delay of 29
usec. with a tap at 11 usec. The rise
time is 1.8 usec. maximum with an
impedance of 400 chms and an at-
tenuation of 2 db maximum.

Our Model 13A27 (size: .490”L x
.490”W x .370”H) is transfer molded
and illustrates a low cost, high pro-
duction run unit. Designed for printed
circuit board use in a computer ap-
plication, the 13A27 has become one
of a series of “custom standards” to
a valued ESC customer. It has a time
delay of 7 nsec. with taps at 4, 2
and 1 nsec.

The SM series of subminiature
nanosecond delay lines provides a
high figure of merit in a small volume
without compromising reliability.
Standard items range from 10 to
1,200 nsec. at impedance levels of
100, 200 and 500 ohms. Available
off-the-shelf in two standard sizes:
1”x 0.32”x 0.32” and 2”x 0.32”x
0.32”, both with 2%” leads.

All ESC delay lines conform to MIL-D-23859A.
Write for complete catalog.

"CIRCLE NO. 54 ON INQUIRY CARD
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for opiimum value in wirewound resiStors | tomeetEstablishedRe-

DALE ELECTRONICS, INC. 1380 28th Avenue, Columbus, Nebraska 68601 | S2vinesovertypical 100

In Canada: Dale Electronics Canada, Ltd Test Report #19590.

The computer: General Electric’s versatile GE/PAC®
4020 Process Control Computer...shownﬂ;qi_t left.

Resistor assignment: Establish line current values
in the GE/PAC® 4020 core memory system. .

The part used: Dale’s Type NS...silicone coated,
non-inductively wound.

Reason: Low inductance (less than 1 uh) and unvarymg
stability (less than .5%/ 2000 hours).

]
Dale wirewounds give you unequalled deS|gr1 freedom'-; n
tailoring resistance, power, size and stability to your exact B
needs. Industrial.....precision.... established reliability....
standard or special....there’s always a Dale resistor that
can do the job better. Call 402-564-3131 for fast action,

or circle 181 for Catalog A.

Gard Testing is available

liability requirementsat
significant time/cost

Printed in U.S.A.




