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Only

Honeywell Offers
A Family of
Compatible

High Speed”

I/C Core Memories

*ICM-47: 750 nsec

1-STORE ICM core memories are
fast, reliable, and able to store
more words in less space than
any other core memories on the
market. They are field-proven
and in high volume production

yet offer a flexible design
which meets a wide range of
system requirements.

ICM-47 — 750 nanoseconds full
cycle time; capacities from 4K to
32K words in a single 5" high
module (like the one shown
below). ICM-40 — 1. microsecond
full cycle time; capacities from
4K to 32K words. In addition,
multiple module capability allows
ICM's to be expanded to larger
capacities. Both models feature
high noise protection, data reten-
tion in case of power failure and
maximum use of integrated cir-
cuits to achieve high reliability.
In brief, you'll find the ICM-40
and ICM-47 designed to perform

Honeywell

COMPUTER CONTROL

DIVISION

CIRCLE NO. 1 ON INQUIRY CARD

comfortably in a wide variety of
operating environments and to
fit easily into almost any system
requirement.

Because ICM’s come from Hon-
eywell, Computer Control Divi-
sion, you know they're backed
by more than eight years' experi-
ence in the design and production
of standard core memories . . .
and by some pretty intensive
special purpose memory systems
experience as well. Add to this
our |/C capabilities, logic module
capabilities, and digital computer
capabilities, and you can be sure
of dependable support in solving
your core memory applications
and systems design problems.

Write today! Ask for our n-STORE
summary brochure. Honeywell,
Computer Control Division, Old
Connecticut Path, Framingham,
Massachusetts 01701.




I is reliable
*‘W is MicroVersaLOGIC

M has plenty of output power
B only from Decision Control
I rejects noi

e crazy

talks w1tg discrete logic

\

So, if you want your next digital system to work well,
build it with uVL. We’ll show you how — in our MicroVersaLOGIC
applications brochure. Send for it today.

—

(dcl) DECISION CONTROL, INC.

T —

1590 Monrovia Avenue, Newport Beach, Calif. « Tel. (714) 646-9371 TWX (714) 642-1364
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Photoeleciric Ke”ylloarll

This
Keyboard

bE

more than
just a Manual
input Device

interface logic problems (strobe, shift
and interlock included)

customer code conversions (built-in
universal encoding)

it provides

dual code outputs (any code or code
combination up to fourteen bits . . .
simultaneous outputs for codes that
total 14 bits or less)

invalid code generation (blocks unused
code keys, automatically)

It minimizes

external storage registers or buffers
(simple speed maximizer prevents
operator from exceeding system
speed)

In addition to these unique advantages,
the INVAC SERIES-200 Photoelectric
Keyboard provides all of the standard
features found on all keyboards
manufactured by Invac Corporation.
These include universal code selection
and engraving of keys, choice of
number of keys, keyboard lockout and
a true typewriter “feel”.

Invac Corporation also makes
Photoelectric Keyboards as manual
input devices. But chances are you
need more than just a manual input
device. Consider, for example, the
functions to be performed by the
keyboard and the peripheral equipment.
The INVAC SERIES-200 Photoelectric
Keyboard with its universal encoding
capability will perform them all and at
less cost. This is also true in systems
where code changes are planned, or in
effect. Since these savings are realized
at each station, the total savings for
large systems are significant indeed.

Write for information on the new
INVAC SERIES-200 Photoelectric
Keyboard. It's new, it's reliable,
it's a great cost saving performer.

IT'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT

CORPORATION
26 Fox Road, Waltham, Mass. 02154
Tel. (617) 899-2380
CIRCLE NO. 3 ON INQUIRY CARD

COMPUTER DESIGN /FEBRUARY 1967



FEBRUARY 1967 * VOLUME 6 * NUMBER 2

FOR ENGINEERING PERSONNEL RE-
SPONSIBLE FOR THE DESIGN &
APPLICATION OF DIGITAL CIRCUITS,
EQUIPMENT, AND SYSTEMS IN COM-
PUTING, DATA PROCESSING, CONTROL
AND COMMUNICATIONS.

ROBERT BROTHERSTON, Publisher
S. HENRY SACKS, Editor

WM. A. GANNON, Associate Editor

Editorial Advisory Board

DAN M. BOWERS
Chief Editorial Advisor

HAROLD H. SEWARD
JOSEPH D. SABO
EDWARD M. COPPS, JR.
DANIEL J. LICKLY

Contributing Editors
RICHARD AHRONS
T. PAUL BOTHWELL
DAN M. BOWERS
J. REESE BROWN, JR.
A. S. BUCHMAN
WILLIAM B. HUGLE
WALTER A. LEVY
H. S. MIILLER
RICHARD PETTERSEN
DAVID L. SANSBURY

Washington Editor
HAROLD V. SEMLING, JR.

JAMES FLORA Art Director
THERESA SACKS Production Manager

RUTH MARTIN Ass't. Prod. Mgr.
BERNARD GREENSIDE Tech. Illus.
JERILYN PRIMIANO Editorial Ass't
LOIS LIBBY Editorial Ass't
BERNARD GREENSIDE Adv. Prod.
ALMA BROTHERSTON Circ. Mgr.

LINDSAY H. CALDWELL
Vice Pres.-Sales

Editorial & Executive Offices
Professional Bldg.
Baker Ave. . W. Concord Mass.
Tel. 369-6660

nr Design is published monthly. Copyright
1967 J Computer Design Publishing Corporation.
as controlled circulation publication at
Post oﬁh:e at Boston, Massachusetts. No material
rcn,:xN Frlmed without permisslon Postmaster:
GE OF ADDRESS — FORM 3579 to be sent to
Comwm Dulgn, Clrculaﬁon crlp P. 0. Box A,
, Mass 890. Subscription rate to non-
qulllM wburlbus is $15.00 per year; $1.50 per
issue. Subscription rate to all foreign subscribers is
$25.00 per year; $2.50 per copy.

Circulation

over 32,000

34

36

46

48

COMPUTER
DESIGN

FEATURES

NEW DISPLAY MODULE

Decode and display unit accepts 4-wire BCD inputs from integrated
circuit logic.

INTERCONNECTING HIGH-SPEED INTEGRATED
CIRCUITS WITH MULTILAYER BOARDS

Electrical considerations involved in the design of multilayer boards and
the effects of these considerations upon the boards’ critical dimensions
are discussed in detail.

A SOUND COMPUTER

An experimental computer-generated model creates speech sounds.

LINEAR PULSE TRANSFORMERS IN
CORE MEMORY SYSTEMS

A survey article on the application of pulse transformers in memory
systems examines the major design problems in four types of core
memory configurations.

18
22
26
28
30
62

78

DEPARTMENTS

LETTERS TO EDITOR
CD COMMENTARY

CD REFRESHER SERIES
CD READERS’ FORUM
DC OUTPUT
INDUSTRY NEWS

NEW PRODUCTS

* Circuit Components * Circuit Packaging * Input-Output Equipment
* Console Equipment * Power Supplies * Memories * Test Equipment
+ Systems * Circuit Modules

LITERATURE

ADVERTISERS’ INDEX

Beader; subseription  CATAS! “siimsisssvisimsinsensmiis s inoigesien opposite page 1
Rleader mguiry-teapd8fuil . .o i i el opposite page 84

3



The Bryant
Series
XLO-1000
Controller
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Imagine. A Bryant memory system that plugs into almost any computer made.
Just like that.

What's more, you can specily a software package consisting of both handler and
maintenance routines. We'll even code the routines in your own machine language.

The controller can work in several different modes—serial or parallel—with
word transfer rates from 50 microseconds per word to 900 nanoseconds per word.
It can also transfer information to and from two computers.

Capacity is from one to 500 million characters with up to eight new Bryant
Auto-Lift Drums. Or, if you prefer, disc files can be used.

These new plug-in memory systems are already i
use irel fnilitarypco?nmercial aer iYndustrial applicitiif)ng BRYANT

: COMPUTER PRODUCTS

Call your local Bryant Representative or write Bryant

Computer Products, 850 Ladd Rd., Walled Lake, Michi- & Lo ‘
gan 48088. . ‘

We'll make a Bryant Believer out of you, too. EX-CELL-O CORPORATION

Iniversal memory system.

CIRCLE NO. 4 ON INQUIRY CARD



Cinch
Creative

Problem I;“
Solving

MEMBER

THE CINCH
ELECTRONICS!

juer
nnectors per hour.

P 3 d A ey

When Cinch market forecasts for a popular precision rack and panel
multi-contact connector showed requirements exceeding 250,000
per month, we took a long hard look at the standard hand assembly
process used to manufacture them. It could no longer be depended
upon to meet our customer delivery requirements.

RESULT: This unique machine, designed and built by Cinch
production engineering to keep up with the growing demand, at the
rate of 1,500 per hour. It automatically loads five components of the
connector, assembles them, checks size of the assembly, checks
continuity of contacts, accepts good connectors and rejects bad
ones. Photoelectric cells and electric feeler fingers stop the machine
if components are missing.

Here is another demonstration of the extra dimension in Cinch's
design and engineering skills. Beyond the ability to develop fine
products, we offer in-depth production engineering capabilities,
including tool, die, mold, and equipment design and fabrication.

CINCH

DIVISION OF UNITED-CARR

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

CIRCLE NO. 5 ON INQUIRY CARD



build a

2o 000
achine

r skills and services are
able to you. For Cinch crea-
yroblem solving assistance,
act Cinch Manufacturing
pany, 1026 South Homan
ue, Chicago, lllinois 60624.
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IC LOGIC CARDS

To The Editor:

I enjoyed reading your article in
the November 1966 issue of COM-
PUTER DESIGN magazine, as it
documented some of the many ad-
vantages, to the user, that are avail-
able by selecting a well-designed
commercial logic family. I am dis-
turbed however, at the omission of
the CSC product line from con-
sideration in the survey, as we pres-
ently enjoy a position among the
top 5 producers of IC logic modules.
We are also the only supplier who
offers a complete IC line to the
government user via a GSA con-
tract. This omission is partially our
fault, since CSC has not heavily ad-
vertised its product line.

The CSC product line of DTL
logic cards was first introduced in
January 1965 and has since grown to
over 200 items, which are targeted
at military and “hi-rel” commer-
cial applications. CSC is the only
company which offers a full range
military (—55 to +125°C) module
line. CSC cards are also offered in
0 to 70°C temperature range. We
use Fairchild 930 Series DTL logic
but purchase identical components
from Stewart-Warner, and Philco.
CSC offers 9 basic logic modules,
22 functional modules, and 35 mis-
cellaneous modules, in both tem-
perature ranges, along with acces-
sories. Module interconnections may
be made by solder, wire-wrap, taper
pin, or “mother boards.”

We disagree with your statement
that a large broad-based system
manufacturer may find the “do-it-
yourself” approach optimum. An
efficiently run, medium-sized com-
pany, organized around a specialty
product which requires significant
customer service, special handling,
design, and a continued flow of new,
but related products can always save
money, time, and talent for the
broad-based systems user and still
enjoy a reasonable profit. In a
specialty firm such as CSC, QC
methods and procedures, documen-
tation, production control, purchas-
ing standards, administration, and
personnel are carefully directed to-
wards production of one basic prod-
uct line. In a diversified systems
house the top talent, professional
and managerial, will invariably be
devoted to project and program
tasks rather than to optimizing a
commercial logic module line.

Conrad H. Koning, President,
California Systems Components, Inc.
Northridge, Cal.

Editor’s Reply: Our editorial staff
apologizes for overlooking this line
of modules. For readers who would
like to add CSC’s literature to their
Product Reference File:

Circle No. 100 on Inquiry Card



Everything you could ask for

in production wiring...
TERMI-POINT* wiring devices

For dense point-to-point wiring applications
TERMI-POINT tooling and products offer you an
automatic, solderless, wrapless, weldless tech-
nique for wiring computer panels as well as in-
dustrial control and communications equipment.

This technique consists of a fine grain phosphor
bronze clip which secures the wire firmly to a
post, utilizing the spring ‘““memory’’ of the metal
clip. Wires can be bulk or pre-cut, solid or
stranded—even enameled or tinsel! Best of all,
the gas-tight, reliable connections may be serv-
iced without electrically disturbing other con-
nections on the same post using only light-
weight hand tools! And the entire wire lead
need not be replaced, just the clip, saving half
the servicing time,

For automated production, you merely program
the TERMI-POINT automatic wiring machine to
suit your requirements. This remarkable machine
routes wires in the pre-set programmed pattern
and cuts, strips, and terminates both ends of the
lead in seconds. Programs are punched on eco-
nomical 8-column paper tape. In addition, sev-
eral types of manual TERMI-POINT tools are
available for servicing, testing or limited produc-
tion. A variety of TERMI-POINT clips and post
sizes are offered, including .022” x .036” posts
which provide grid densities of .100”. In fact,
TERMI-POINT products are under development
which would reduce this grid size even more.

The complete line of TERMI-POINT products
includes printed circuit connectors, transition

CIRCLE NO. 6 ON INQUIRY CARD
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blocks, bus bars, cable connectors, junction
blocks, relay blocks, and other devices. Further-
more, large-scale wiring of these products may
be accomplished by mounting them on a panel
and programming the TERMI-POINT machine for
high-speed automatic wiring.

Besides the speed, density, and versatility of this
wiring method, it offers an unusual degree of re-
liability. The reason for this is AMP’s special
post presents relatively large contact surfaces
which are wiped clean by the wire held by the
TERMI-POINT clip as the post is terminated.
The resulting connection is highly resistant to
the effects of corrosion, vibration, and temper-
ature extremes. It is held with a high retention
force which exceeds the yield strength of the
wire itself, yet the post plating remains undam-
aged and the wire may be used again.

No other wiring method offers this combination
of advantages!

With TERMI-POINT clips and tools, your wiring
facilities will never become outdated, because
unlike other automated methods, there is no

inherent limitation in density with TERMI-POINT
wiring devices. In addition, AMP accepts total
responsibility for the performance of the
TERMI-POINT products, the technique and your
completed terminations. You can save consider-
able time and capital investment by allowing
us to wire your panels or circuit boards to
your specifications.

If you plan to enlarge or improve your present wir-
ing facilities, we suggest a comparative study of
this new technique at your earliest convenience.
Write or call today for a demonstration; or ask for
information about the TERMI-POINT products
which interest you most. Find out how this versa-
tile new method can boost your future production!

*Trademark of AMP INCORPORATED

ANMP

INCORPORATED

Harrisburg, Pennsylvania

A-MP* products and engineering i are ble through i y P in:
Australia « Canada » England « France * Holland * Italy » Japan = Mexico * Spain * West Germany




Core, plane or

stack problems?

Take ’em to the experts.

Us.)

Core? Construction? Format? Hos-
tile environment? Whatever your
problem, we've probably seen—
and solved —it before. If not, Fer-
roxcube experts will always find
the shortest path to the right an-
swer. For instance —

Application: Core memory stack
for real-time display system in
ship-board fire control computer.

Problem: Hostile thermal environ-
ment, critically limited space re-
strictions.

Solution: Single-area, double mat-
ted printed-circuit board construc-
tion; bus-wire bridging to allow
air-flow cooling of 30-mil wide tem-
perature range cores.

Application: Core memory stack
for navigational guidance comput-
er in commercial avionics system.
Problem: Mil-reliability at commer-
cial prices; NDRO operation; vol-
ume reproducibility.

Solution: Single-area, single-mat-
ted plane, plastic laminated termi-
nal frame construction; bootstrap
patterns with 30-mil cores on ex-
tremely tight centers.

Application: Low cost core memory
stack for state-of-the-art commer-
cial-computer main memory.

Problem: High speed, low noise,
high output uniformity, repairabil-
ity, expandability, 650 ns cycle
time, ease of access and interface.

Solution: 2%D organization;
planar construction to offer lowest
cost and convenient access; 20-
mil cores; stack mounted diode
modules.

Application: Core memory stack
for guidance computer in missile-
borne avionics package.

Problem: Extremely hostile me-
chanical and thermal environ-
ments, critical space limitations.

Solution: Continuously-wired,

folded-stack construction; wide

temperature range cores wired
using novel shock and vibration
damping techniques.

What's your problem? Cores? We
pioneered them. We have 20-, 30-
and 50-mil cores in both standard
and wide temperature range types
covering a broad spectrum of
switching and drive current param-
eters. Planes and stacks? We use
a wide variety of printed circuit
board or laminated frame-strip con-
struction techniques, 2%D, 3D or
linear select. Cost? We meet and
lick this problem every day. It's
part of being the experts.

Want more information? Write for
Bulletins 6005 & 6006.

Ferroxcube &

FERROXCUBE
CORPORATION
OF AMERICA
Saugerties, New York Boston Chicago Dallas Los Angeles Minneapolis New York Area Phoenix Philadelphia
914-246-2811 617-899-3110 312-261-7880 214-255-0441 213-837-1484 612-888-4681 201-267-5888 602-265-1792 215-927-6262
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Can a small computer
find happiness

as part of your instrument?

Time was, general purpose computers were expensive
to buy, expensive to use — unapproachable. No more.

If you build instruments or systems that analyze, or
measure, or compute, or adjust, or control processes,
consider this:

For less than $10,000 (much less, if you order several at
once) the PDP-8/S — a full, real-time, on-line, 12 bit,
4096 word, FORTRAN speaking, general purpose digi-
tal computer can be part of your system. To analyze,
measure, compute, adjust, or control processes.

If you make more than one kind of system, you still may
need only one kind of computer. It's general purpose,
you see. And if your requirements are big, we have big

The $10,000 Question: ™

fast machines too, upwards compatible, And a com-
plete line of modules for interfacing.

One advantage for your product is clear: if your cus-
tomer needs more or different capability after he buys,
he adapts by plugging in options, or writing new pro-
grams, or changing them, or expanding tham. And
your product just might be easier to sell if there's a
computer inside.

The PDP-8/S offers security. Security in
change. It is priced lower than many special
purpose machines. More than 300 have
been sold in the past three months. And
chances are still good that your competition |
hasn't even looked into it. Why don't you.

540 page Small
Computer Handbook
Free for the asking.

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 « Cambridge, Mass, » New Haven « Washington, D.C. « Parsippany,
N. J.+ Rochester, N. Y. « Philadelphia « Huntsville « Pittsburgh « Chicago « Denver ¢ Ann Arbor « Houston » Los Angeles« Palo Alto « Seattle « Carleton Place and Toronto,
Ont. » Reading, England = Paris, France « Munich and Cologne, Germany « Sydney and West Perth, Australia « Modules distributed also through Allied Radio



A control computer for $6,000.
The Interdata model 3.

No need to design your own special purpose control logic.
The Interdata Model 3 digital computer has the unique capability of
wired-in application instructions.

16 and 32-bit Modular 1024 8-bit bytes (expandable to 65,536)
instruction structure with all directly addressable.
word length. integrated circuits. Fast cycle time of 2.0 microseconds.

Register Displsy

|
|
|

Speed Control

0 8 9 10 11 13 14 15

1 2 3 - 5 & 7 12 i
& SUCEEIEN bl gl

e m—— S DS ——— oA e sk

Powerful instruction repertoire 16-bit arithmetic and Software system
with register-to-register and 16 general registers to includes assembler and
register-to-indexed memory operations. simplify programming. debugging package.

Write for details: Interdata, 17 Lewis Street, Eatontown, N.J. 07724 (201) 542-3094
CIRCLE NO. 18 ON INQUIRY CARD
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Reliability and
price levels
for every

ER application

Hermetic seal — 50 PPM
.001% Failure Rate

Molded — 50 PPM

.01% Failure Rate:

Molded — 100 PPM
1.% Failure Rate

Mepco, using MIL-R-55182 rev. C as a base, now
makes metal film resistors available in three reliability
and cost levels to meet your specific application.

m C/S in Mepco’s FH series hermetic seal
metal film resistors . . . for applications
requiring the highest level of reliability and
absolute protection against the most stringent
environmental conditions.

H H/R in Mepco's FE series molded metal film
resistors . . .for use where true hermetic
sealing is not critical.

m K/M in Mepco’s FE series molded metal film
resistors . . . where economy can be
achieved for ER applications.

Let us show you how this product line can fit into
your program. Write or call today for Bulletin FE.

Mepco, Inc., Columbia Road, Morristown, N.J. 07960
(201) 539-2000, TWX (201) 538-6709

MANUFACTURERS OF PRECISION

ELECTRONIC DEVICES | A Heritage of Reliability
CIRCLE NO. 15 ON INQUIRY CARD
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low cost, all solid state digital instrumentation
versatile, modulary expandable measuring instruments

the series 250 digital voltmeter!

featuring  « nigh Accuracy 0.05% of Reading « Readout and BCD Buffer Storage
e Extremely Fast Data Acquisition e “Plug-in"’ Versatility
Capability 20 Readings/Sec. e Constant High Input Impedance—
e Fast Reading Speed—With High 10 megohms
Rejection « Compatible With Existing DigiTec
e All Solid State and Integrated Instruments
y gg%ugtsjtput e Floating or Grounded Input
e Automatic Polarity Selection and i Self-Check ekl amcn)
Indication e Calibrated Over-range
e Readout discretely follows e Ultra Long Life Nixie Readout—
bidirectional changes without Four digits
blinking e Compact Size—Fits Into 514" Panel

from $58500

s —————
DIGIjEC by UNITED SYSTEMS CORPORATION

918 Woodley Road  Dayton, Ohio 45403
For complete specifications request
new catalog D-67 Stocking representatives throughout the world

CIRCLE NO. 16 ON INQUIRY CARD
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DATA /620A

the system computer
built to match

DATA/620A matches your system.
The DATA/620A was conceived and designed
as a system computer, and has built in features for

integrated information, control, or
processing applications. Features
include — independent GP memo-
ries — two memory access channels
standard — party line I/O commu-
nication for time sharing — exclu-
sive Micro-Exec — six types of I/O
facilities — power and thermal
failure protect.

DATA/620A matches your
engineering. Designed with
enough flexibility to work in most
systems, the DATA /620A has over
100 machine commands — 9 hard-
ware registers — 16 or 18 bit

words — 1.8 usec core memory — O to 12 v. logic
levels — stand ard rack mounting and front access
to the entire computer.

DATA/620A matches your
budget. Designed for effective use
in today’s systems, the DATA /620A
is economical to purchase, program
and use. Includes 8192 word
memory, hardware multiply and
divide, extended addressing, ASR
33, cabinet. Software includes
FORTRAN, Assembler, Aid, Main-
tain, all open ended. Over 50 field
proven installations — 60 to 90
day delivery. Total cost, $30,900.

For more information on the DATA/620A,
write or call:

DATA MACHINES
1590 Monrovia Avenue, Newport Beach, California Telephone (714) 646-9371 TWX (714) 642-1364

Division of DECISION Control, Inc.
CIRCLE NO. 17 ON INQUIRY CARD
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have you noticed how
everybody’s just introducing big,
fast, core-memory systems that we’ve
been delivering for more than a year?

When we first introduced our NANOMEMORY™ 900 at the 1964 Fall
Joint Computer Conference, we claimed an access time of 350
nanoseconds and a memory capacity of 16,384 words of 84 bits. A
little later we developed the NANOMEMORY 650. Same capacity
but with an access time of 300 nanoseconds.

Soon after we started shipping, reports came in calling our claims, if
anything, too conservative. Operating margins were indeed wider.
And with the stack connections reduced by 80%o, the reliability

gave maintenance managers no end of pleasure.

But more gratifying than the compliments were the re-orders. Of the
many systems being assembled on the floor right now, 80% are
engaged. If you want to stay ahead of your competition, call or write
us about the 20%o0 that are still unattached. Ask for Litpak 6C.

EM electronic memories

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




DRUMS
®
MODULES
®
SYSTEMS

A Page from the Vermont Resea r
"MEMORY FACT BOO

Fact:

$3,000 Buys a
320,000-Bit Memory

Our brand-new 104S is a truly low-cost, universal,
random access drum memory of computer quality.
You can order it in capacities from 14 million to
4 million bits...with or without read/write elec-
tronics...with oxide or plated drum...and with
dozens of other options that make it the ideal
solution to countless memory problems.

Check the specifications that follow. Then start
factoring the 104S into your plans.

4 1
- ¥

Capacity. 8 to 128 data tracks provide maxi- Electronics. Read/write electronics can be

mum storage of 200,000 to 4,000,000 bits.
Data input format may be serial, parallel or
any combination.

Speed. Average access time is 8.3msec;
maximum access, 17msec. (Average access to
3.7msec on special order.)

Physical Specifications. Type 104S is a
10" diameter drum utilizing VRC’s patented
“flying head” design. Standard enclosure
measures 17” x 17" x 14”. Hermetically
sealed, gas filled version also available for use
in rarefied or contaminated atmospheres.

Performance. Design life exceeds 100,000
hours of operation, a figure proven conserva-
tive in customer application of similar VRC
drums. Bearing lubrication life exceeds

50,000 hours.

furnished in rack-mounted card or integrated
circuit module forms. Custom interface elec-
tronics also available.

Price. Basic price of $3,000 includes: drum,
motor, 16 data tracks, 4 clock tracks and
diode matrix. Quotations on custom options
will be furnished promptly.

Computers are known
by their MEMORIES

l..50'1s

Vermont Research

S0 R PO R A TI1ION

Box 20a

Precision Park * North Springfield * Vermont
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LARGE SCALE INTEGRATION -
PROBLEMS AND POSSIBILITIES

DONALD E. MARSHALL, JR.

Large scale integration may be defined as the tech-
nique of placing on a single silicon chip a large
number of simple logic elements to perform a sys-
tem function. LSI usually involves monolithic com-
ponents, although thick- and thin-film circuitry may
also qualify.

The interest of the computer industry in LSI is
understandable. The implications in placing a com-
plete central processing unit, for instance, on a
single one-square-inch silicon slice are impossible
to ignore. Cost is a major criterion for the broad use
of any new technology. However, large scale inte-
gration is also expected to improve significantly the
performance of computing systems. Few engineers,
knowledgeable in integrated circuit technology,
doubt that this fascinating concept will ultimately
become a redlity, but the "“how and when" are
subjects for much conjecture.

At the present time, we are still a long way from
LSI as it is ultimately envisioned. High develop-
ment and fabrication costs, imperfect fabrication
techniques, involved design and development pro-
cedures, the complexity of testing, and the problem
of system maintenance are among the factors that
mitigate against early adoption of LSI for either
military or commercial hardware.

Rate of Development

Based on present production yields and costs, the
minimum cost per monolithic component is reached

The author of this month’s CD Commentary, Mr.
Marshall, is Manager of the Advanced Development
Department at the CCD division of Honeywell. In
this position, he has the circuit design responsi-
bility in converting the needs of CCD’s computer
and modular product lines into integrated cir-
cuitry purchased from the major integrated circuit
manufacturers.

18

commentary

Comments and opinions on topics of cur-
rent interest to digital design engi-
neering personnel. A monthly column orga-
nized and prepared under the direction of
T. PAUL BOTHWELL, Contributing Editor.

at a circuit complexity of 60 components. A larger
number of components per chip makes the number
of chips per slice too small and increases the proba:
bility of a major defect. A smaller chip with fewe:
components makes the cost of handling, packaging,
and testing too high for the logical capability of the
circuit.

Sixty components is equivalent to about six bi-

50

20

Py A
>

Ly

COST/MONOLITHIC COMPONENT - CENTS

: e/

10 20 30 40 50 100 200 500 1000 2000
NO. OF COMPONENTS/CHIP

OPTIMUM COST/COMPONENT DENSITY

polar tramsistor NAND gates. At the existing rate
of improvement in fabrication technology, optimum
chip complexity will double in 1967 and is expected

COMPUTER DESIGN /FEBRUARY 1967



Contemporary Electronics
is one of the largest
producers of computer pulse
transformers in the U.S.

SO?

So, maybe you're missing a bet if you haven’'t checked
Contemporary Electronics for quality, service and price.

Contemporary Electronics specializes in pulse trans-
formers. It's not a sideline, but a principal part of our
business. Well over 100,000 pulse transformers are pro-
duced each month in 75 different designs.

Advantages? Here are some.

Technical Capability. Contemporary Electronics en-
gineering staff knows computers and can design any
special product for any application.

High Quality. Most transformers have special high
quality design features. All pulse transformers are 100 %
inspected as many as three times before shipment. QC
system meets MIL-Q-9858, and has been approved for
use on the Apollo program.

Fast Sample Service. Samples, small production lots
and specials are normally shipped 24 to 72 hours after
receipt of request.

Interested in what can be done in terms of performance,
size, delivery, or MIL-specs? Get to us—we've got lots
more to tell.

"WRITE, OR CALL COLLECT AND WE’'LL HAVE THE FULL STORY TO YOU WITHIN 48 HOURS

~ Here a‘re/eommohly'ﬁsea packages for which tooling is available. Other configurations are always possible.

2N

4838 West 35th Street,

Minneapolis,

777 CONTEMPORARY
f\( ELECTRONICS

Minnesota 55416 612/920-6444

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY
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to exceed 100 gates in 1970. That is, the fabrication
cost-per-gate of a 100-gate chip in 1970 will be con-
siderably less than the cost-per-gate of a six-gate
chip today. A 4¢-per-gate function cost for a 100-
gate chip is quite reasonable, based on anticipated
vields eand material and labor costs.

One integrated-circuit manufacturer is attempting
to beat the yield game by fabricating chips with
several hundred gates, testing to find the good ones,
and interconnecting these to produce logic func-
tions with a resultant complexity proportional to the
process yvields at any given time. If this technique
can be effectively automated, the above timetable
will be considerably accelerated.

An additional accelerating factor for some appli-
cations will be the availability of MOS tramsistor
circuitry. Having been proved feasible, the ap-
peal of this component is in its simpler fabrication
process, which will ultimately result in very high
yields, and in its small dimensions, which may result
in about an order of magnitude of improvement in
chip complexity over the conventional bipolar tran-
sistor approach. However, the comparatively low
speed of the MOS transistor may limit its general
use to low- or moderate-speed computer applica-
tions, such as peripheral equipment, fixed-program
memories, or low-speed bulk storage.

Technical Considerations

At the level of complexity envisioned, that is, several
hundred gates per device, the system designer is
very likely to want a complex function which is
optimized for his particular system. In fact, the
ability of a computer manufacturer to provide a
family of systems with widely-varying pricing and
performance characteristics may necessitate indi-
vidually-designed LSI devices for each member of
his family. Therefore, the initial design costs be-
come highly significant as higher functional com-
plexity and specialized application reduces volume
usage.

Integrated-circuit development costs typically run
about $25,000 for a custom design today, and will
increase as device complexity increases using pres-
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ent design techniques. With one device per system
and a 25-system requirement, the development cost
adds $1,000 to the cost of each system. Clearly, this
would be intolerable in many applications, and force
the integrated-circuit manufacturer to lower devel-
opment cost — presumably through design auto-
mation. Lagging advances in this area may per-
suade a number of computer houses to design
and fabricate their own LSI chips to minimize the
development cost.

An IC facility of even limited capability requires
between $250,000 and $750,000 in capital investment.
It also requires highly-skilled personnel. One ap-
proach is in-house prototype fabrication capability.
This limited facility minimizes investment, but pro-
vides the necessary design capability.

The classical approach to computer design in
which cost, software capability, and computation
speed and accuracy are defined, based on a known
set of electronic circuits, will require major revision
if LSI is to provide economic and performaonce ad-
vantages. The additional constraints placed on sys-
tem organization result from limitations in the areas
of chip density, test and evaluation, spare-parts
cost, and partitioning.

In existing bipolar transistor integrated circuitry,
the ratio of chip area devoted to active components
is about one-half to two-thirds of the total substrate
area. The rest is required for component intercon-
nections. In existing MOS tramsistor circuits, about
80 to 90 percent of the chip area is required for
interconnection. The development of a multilayer
interconnection capability will improve the ratio of
active component area to interconnection area by
perhaps two- or three-to-one but each multilayer
crossover will have a defect rate associated with it.
Since the yield loss will still be dependent on the
number of interconnections which, in turn, is related
to the ratio of serial-to-parallel data-flow paths, the
basic serial-parallel organization decisions, based
on cost-speed criteria, will still hold but in manner
difficult to relate to the system designer. In fact the
design criteria will vary from one IC manufacturer
to another.

The complexity of testing an LSI chip approaches
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the complexity of present day final system testing,
in which it is occasionally possible to find logic er-
rors in the field after an extensive final test. Access
to each individual functional elements on the chip
is prohibited by the high ratio of elements to chip
connections, thus forcing a complete functional test.

Consider an LSI chip on which an output state is
defined by the states of 20 inputs. At a rate of one
Mhz, it takes one second to cycle through all pos-
sible combinations of input states. If the chip con-
tains storage or delay elements so that the output
state is sensitive to sequences of input states taken
two at a time, the test time increases to 14 hours,
and for sequences of three, to about 400 years.
Testing time can be reduced to within reason by
eliminating the test redundancy in the above ap-
proach, but the judicious selection of tests which
provides full confidence in an error-free chip while
minimizing test time will often be beyond the ability
of the system designer.

The spares problem is obvious. If the system con-
sists of a few dissimilar integral parts, the system
must be virtually duplicated in spare parts. On the
assumption that LSI will be in wide use before the
cost of the chip approaches the cost of a present-day
printed circuit module, the LSI system user will have
to give careful consideration to his ability to afford
repairs, and must be convinced that part replace-
ment cost will be offset by the improved reliability
of the LSI system.

LSI will improve the reliability of electronic sys-
tems in approximate proportion to its reduction in
the number of external inter-connects per gating
function, provided that the LSI chip does not pro-
duce any additional environmental stresses on the
monolithic components. In order for LSI to be maxi-
mally effective, the number of external connections
to the complex chip should be minimized but for
most useful logic functions it will be about equal to
the square root of the number of gates on the chip.

Of major importance is the reduced capacitive
loading and length of chip interconnections com-
pared to printed-circuit and connector-plane inter-
connections. This will reduce propagation delays
and thus increase computer speed. But of even
greater significance will be the reduction in system
noise, making larger and faster computers possible.

The Ultimate Solution

When the application of LSI to future systems is
looked at in perspective, the magnitude, diversity,
and interrelationships of the numerous problems
are seen as difficult to organize effectively. The
major stumbling block is the broad range of pro-
fessional disciplines required of the personnel used
in the design of LSI devices. However, there is an
ultimate solution to the design problem and that
is design automation.

Computer-automated design is playing a major
role in LSI development now and will continue to
do so in the future. However, the system and pro-
cess engineers will still have to establish the con-
straints and write the programs for the computer.

RCA SEMINARS
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Dan M. Bowers, Contributing Editor

MATHEMATICS REVISITED

Selected Topics
in Probability
and Statistics

PART 8 — DESCRIPTIVE STATISTICS

In turning our attention to the subject of Statistics,
we shall find that although the terminology and
emphasis are different from those used in the Prob-
ability discussions of the previous seven articles,
the underlying principles ond techniques will be
very familiar. Initially, we shall discuss Descriptive
Statistics through which data is gathered and pre-
sented so as to convey the maximum information;
then, through Inductive Statistics, we shall describe
techniques for reaching general conclusions and
making predictions from the observed Descriptive
Statistics.

As an example of the kind of data in which De-
scriptive Statistics deals, Table 1 lists the closing
prices for 188 mutual investment funds on a recent
Friday. A look at this data tells us that to obtain
any information from the raw data will make a
hard day’'s night, and that there is no particular
value to any graphical presentation of these 188
raw numbers. One concludes that grouping of the
data will result in the only kind of meaningful
graphical presentation to be had, and further, that
intelligent grouping will not destroy the meaning-
fulness of the information contained in the data.
There exist sophisticated methods for determining
how to group the data (e.g., Sturge's rule): we shall
choose (using the seat-of-the-pants rule) to divide
this data into groups (known as a class) each
having a $4.00 span (known as the class interval).
This yields Table 2, which presents the data as a
frequency distribution of grouped data, and begins
to display the data in a more mecmingful form. The
graphical presentation of such a distribution, known
as a histogram, is probably the most popular form
of a statistical presentation; the histogram of this
data is shown in Fig. 1.

A presentation sometimes used to smooth the
histogram is the frequency polygon, in which the
frequency of each class is plotted at the center point
of the class (called the class mark), as shown in
Fig. 2. Another useful presentation is the ogive,
which is a cumulative presentation of the data, The
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ogive for the mutual fund data is arrived at by re-
organizing the data listed above, using the upper
boundary of each class as a datum point, as shown
in Table 3. The ogive is plotted from these data as
shown in Fig. 3; it is effectively the integral of the
frequency distribution, and is therefore a uniformly
increasing function whose maximum value is the
total number of data points. To assist in deriving
data, the ogive has also been scaled in percentage
of the total data.

From the histogram and the ogive we can directly
glean some facts about the prices of the mutual
funds which were included in this sampling at the
time of the samples:

e More mutual funds sell for about $10.00 than for
any other price range.

® 93.7% of the funds sell for $20.00 or less.
® 93.6% of the funds sell for more than $4.00.

Before calling our stockbroker, we shall need to
investigate the techniques by which more quanti-
tative descriptions of a statistical presentation may
be calculated.

Parameters of Statistical Data — Location

The reader will have noted the parallels between
the statistical presentation above and the proba-
bility distributions studied in past months. The his-
togram and the frequency polygon are analogous
to the probability density function, and the ogive is
the analog to the distribution function. Further, the
principal quantitative parameters of these observed
data are identical with those useful in probability
distribution: the mean and standard deviation.
The mean is a fancy name for the simple arith-
metic average of the data values. In our example,
one arrives at the mean by adding all 188 data
values and dividing by 188, a process which, after
approximately 20 minutes of dog-work (not includ-
ing re-work for errors) yields the mean (or average)
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Table 3

CUMULATIVE FREQUENCY DISTRIBUTION
OF MUTUAL FUND PRICES

CUMULATIVE

BOUNDARY FREQUENCY % OF TOTAL
$4.00 or less 12 6.4
$8.00 or less 57 30.3
$12.00 or less 11 59.0
$16.00 or less 152 80.9
$20.00 or less 176 93.7
$24.00 or less 181 96.2
$28.00 or less 185 98.5
$32.00 or less 187 99.5
$36.00 or less 188 100.0

price of a mutual fund on this list, which is $11.48.
However, having grouped the data into classes, we
should like to work with the grouped data and,
further, we should expect grouping to make the
calculation simpler. To do so, we assume that every
datum in a class has the value of the class mark.
Therefore, the mean can be arrived at by multiply-
ing the frequency of each class by the class mark,
summing over all classes, and dividing by the total
frequency of 188. Using this process, and after only
S minutes of dog-work, we arrive at a mean of
$11.43. This illustrates the significant point that in-
telligent grouping of statistical data does not ap-
preciably deteriorate the basic values of the data.
(We shall see in a later article that one may very
closely approximate such parameters as the mean
by calculations with only a relative few of the data
points, chosen at random from the full list.)

Note the identity of the formula for obtaining the
mean of grouped statistical data with that (in Part S,
August issue) for the mean of a discrete probability
distribution:

> xify

alli

2 4

alli

Mean (grouped data) =

where x; is equivalent to the class mark of the itt
class and where {; is equivalent to the frequency of
occurrence of the i** class.

The median of a set of statistical data is the value
of the middle item, when the data are numerically
ordered, which is $10.991, (the average of the two
middle items) for the raw mutual fund data. For
grouped data, the median is a vertical line which
divides the histogram into two equal areas, in this
case $10.74. The medicn has the frequently-desirable
characteristic of not being drastically affected by
extreme values, as is the mean.

The mode of a set of data is the value which oc-
curs most often. Note that the mode is valueless in
an example such as the raw mutual fund data, since
without grouping the mode can exist only if a price
chances to appear more than once. For grouped
data, one refers to the modal class, in this case the
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class having a class mark of $10.00.

Quartiles are three numbers which divide the
area of the histogram into four equal parts. Simi-
larly, deciles and percentiles are nine and 99 num-
bers, respectively, which divide the histogram into
ten and one hundred equal parts.

Parameters of Variation

The measures of central location provide us with
one number which is descriptive of the data for
many purposes. We might, for example, speak of
the mean annual rainfall, median intelligence, or
the modal cause of business failure. As we have
seen in probability distributions, however, the vari-
ation or dispersion of data about the center is gen-
erally of equal importance. The common measures
of variation are the range, the average deviation,
and the standard deviation. The range of a set of
data is the difference between the largest and small-
est data points. It is not particularly descriptive of
the general tendency of the data to disperse, but
does communicate some information. Interquartile
ranges are also used. The average deviation (also
known as the mean deviation) is the sum of the
absolute values of the deviations of each datum
from the mean, divided by the total number of data
points.

As before, the most-used measure of variation is
the standard deviation, or root-mean-square devia-
tion, which ccm be expressed as:

o= \/ g(xl_lll)z

n

where ¢ is the standard deviation; n is the number
of data points, n = X f;; u is the mean; and x; is a

all i
datum point. For grouped data, all data points are
considered to fall at the class mark of their class,
and the standard deviation becomes:

o=V -
n

where k is the number of classes; x; is the class
mark; and f{; is the class frequency.

Application of Statistical Data

Using these parameters, we may draw the following
two statistical pictures of the mutual fund market
as represented by the 188-price sample, in its
grouped form.

® Picture A

Mean price: $11.43

Standard deviation: $5.85

® Picture B

First decile: $4.61
Second decile: $6.28
Third decile: $7.95
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Fourth decile: $9.35
Fifth decile: $10.74
Sixth decile: $12.17
Seventh decile: $14.01
Eighth decile: $15.84
Ninth decile: $18.87

If we purchase shares of the mutual fund selling at
$21.31 on the day of this sample, we can describe
our fund with respect to the mutual market as:

e 1.7 standard deviations higher than the mean
(picture A);

e Above the ninth decile (picture B).

At a future date we may then rate the growth of
our shares in relation to the growth of the market.
For example, if the new mean and standard devi-
ation are $14.05 and $6.20, respectively, and the
new price of our shares is $23.00, we can see that
our share price is now only 1.4 standard deviations
above the mean, indicating that it is not growing
as fast as the general mutual fund market.

Successive analyses of the same phenomenon can
yield information about past trends which might be
useful in predicting future action. Such applications
are found in population statistics, weather data, and
economic statistics such as the Dow-Jones index
and the Gross National Product. Next month we
shall explore some of the features of these indices
and trend indicators, and discuss how correlation
studies may establish a cause-and-effect relation-
ship between statistical trends and other observable
phenomena.

GOVERNMENT REPORTS %%

HIGH DENSITY DIGITAL RECORDING ON MAGNETIC TAPE

Report discusses the problems encountered in high area density
digital recording on magnetic tape. It examines some aspects of the
process of pulse recording and applies findings to the methods of
digital recording in common use. Describes a system which offers
advantages at high packing densities.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-464-392. Price: $2.00.

LAMINATED FERRITE MEMORY, PHASE |

Report describes development of fabrication techniques to permit the
assembly of a laminated ferrite stack of 4096 x 64 bits. For the as-
sembled stack a density in excess of 10° bits per cubic inch was
demonstrated. Additional test data on individual arrays and results
of nuclear radiation studies are included.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. N66-19518. Price: $3.00.

It's a
test strip

it's a
handle

it's a dramatic new component
for single and multiple layer
printed circuit boards!

This new, low-cost component, based
upon a revolutionary design concept,
provides a convenient handle as well
as immediate in-circuit access for fast,
® efficient testing and trouble shooting!
JOHNSON For applications in cor_nputer main
frame and memory circuits, electronic
calculators—anywhere single or multiple layer printed
circuit boards are used.
Designed for fast assembly —mounting accomplished
with manual positioning; permanently secured in
wave solder operation.

OTHER FEATURES: Body—Ilow-loss polyamide, provides in-
sulation resistance greater than 200 megohms after MIL-7-
5422-B humidity test. Serves as handle for printed circuit
board and tends to confine air flow for more efficient cooling
of components. Test points—rated at 5 amperes maximum
current capacity, numbered for individual circuit identifica-
tion; area provided at either end of strip for board identification.
Contacts—beryllium copper, plated .0002 tin over nickel flash
undercoat. Contactresistance less than 2 milliohms. Voltage—
1500 Volts RMS at sea level, 350 volts RMS at 50,000 feet.
Capacitance between two adjacentjacks lessthan 1 pf.at 1 mc.

WRITE TODAY for details on this combination Test Point
Strip and Handle as well as complete information on all other
Johnson electronic components.

E.E. JOHNSON CO.

6600 10TH AVENUE S.W., WASECA, MINNESOTA 56903
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sjhat do you think?

This department is devoted to a continuous interchange of
ideas, comments, and opinions on significant problems facing
the industry. What do you think about the impact of a com-
puter-automated world and the engineer/scientist’s role in it?
What do you think about engineering unions — professional
societies — industry conferences? Or any significant facet of
your professional life. COMPUTER DESIGN will print your
views here. Write to: CD Readers’ Forum, Computer Design,
Baker Ave., West Concord, Mass. 01781.

CD READERS FORUM

LOGIC SYMBOLS STANDARDS

EDITOR’S NOTE: Last month
the CD Readers’ Forum summarized
its activity and intentions in the
arena of Logic Symbols Standards.
One of the points made was that
only one strong advocate of the
ASA Y32.14 standard had been
heard from. This month we present
a letter from just such a strong ad-
vocate, Mr. Thomas H. Mott, who
is Chairman of ASA Y32.14, and
thus is intimately tnvolved in the
controversy. We believe that our
readers will find his unexpurgated
views to be very enlightening. Again,
we invite your comments.

TO CD READERS’ FORUM:

| am led to believe that your
magazine is badly misinformed con-
cerning the complete state of de-
velopments in this area of stan-
dardization. There has been some
slow but hard-won progress made
in this area at the conference table,
where standards should be sought;
and the standardization {ield itself
stands to be the major loser should
this gain be wiped out by the mis-
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guided efforts of a magazine bent
on conducting a popularity poll
among its readership. You appar-
ently have not even informed your
readers of the existence of two
conflicting military standards in this
area, thus creating false impression
that there is but a single military
standard.

Your efforts are further mis-
guided in that you have chosen to
work outside the framework of
ASA Y32.14, thus ignoring literally

'man-years of standardization effort

by the only duly Federal authorized
task group in this area and the only
task group truly representative of
of the whole of the industry.
Standards should come into ex-
istence as the result of a consensus
of developing opinion, as did ASA
Y32.14 — they should not be legis-
lated into being by arbitrary fiat of
a selected few individuals, as was
MIL STD 806. The chief architects
of MIL STD 806 participated in the
development of ASA Y32.14 and
were given every opportunity to
structure the standard in accordance
with their way of thinking. In the
end they encountered extensive
opposition from adherents within
industry of the uniform shape sym-
bology. However, they also en-
countered opposition from within
the military itself, which has led to

the promulgation of two separate
military standards: (1) MIL STD
00806C (Navy) which is fully com-
patible with the distinctive shape
symbology of ASA Y32.14 and per-
mits use of the uniform shape
symbology of ASA Y32.14 for ex-
perimental and non-service applica-
tions, and (2) MIL STD 806B (Air
Force).

There is a long-standing policy
within the military of not “legis-
lating” standards when industry
standards already exist. Owing to
the existence of ASA Y32.14, the
Navy Department invoked this poli-
cy and adopted the distinctive
shape symbology of ASA Y32.14 as
MIL STD 00806C. MIL STD 806B
thus remains chiefly an Air Force
standard.

Since, as a practical matter, stan-
dards are not formulated by readers
writing letters to the editor of a
magazine, | should think that your
worthy efforts in the interest of
standardization could be spent in
more fruitful ways. Specifically, |
propose that you use the pages of
your magazine to try and resolve
the conflict between MIL STD 806B
(Air Force) and MIL STD 00806C
(Navy). Over a year ago ASA once
again invited the military to aban-
don their position of privileged
sanction and move to the confer-
ence table to argue the merits of
MIL STD 806B vs. ASA Y32.14 in
free and open discussion, provided
that the ASA task group and the
military would be bound by the de-
cisions reached at the conference
table. The architects of MIL STD
806B accepted the invitation but
reneged (for a second time) on the
decisions reached by the confer-
ence. The Navy Department had
the courage to accept and act on
thie decisions, resulting in the pro-
mulgation of MIL STD 00806C.

There can be no further progress
in logic diagram standardization un-
til the impasse concerning these
two competing philosophies of the
distinctive shape symbology has
been resolved at the conference
table. Only then can we move to
the larger question of uniform wvs.
distinctive shape symbology.

Thomas H. Mott, Jr.

Dir. and Prof. of Computer Sciences
Rutgers, The State University,

New Brunswick, N. J.
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This 16=-bit, real-time computer
multiplies faster, has a faster throughput,
and costs less than the Sigma 2.

It's our SEL 810A, for high-speed data acquisition and control. All integrated
circuits, 3 levels of priority interrupt, 4K memory, teletype, high-speed hard-
ware multiply and divide, real-time I/ O structure, and an outstanding software
package. Price: $23,950. Delivery: 60 days. Systems Engineering Laboratories,
6901 West Sunrise Blvd., Fort Lauderdale, Fla. 33310, Area Code 305 587-
2900. Offices also in Washington, D.C.; Los Angeles, Calif.; Boston, Mass.;
San Francisco, Calif.; Cleveland, Ohio; Huntsville, Ala.; and Orlando, Florida.

Systems Engineering Laboratories

CIRCLE NO. 23 ON INQUIRY CARD
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Western Europe’s present 6,000 computer installations
should jump to 18,000 by 1970 — a $3.3 billion in-
crease in value, forecasts S. A. Gee-Smyth, writer for
“The Economist,” in a recent publication of the Euro-
pean Economic Community. Europe stands on the
threshold of a snowballing technology, he believes,
with Eastern Europe anxious to buy all types of
computers from the West. Other rich pastures for
computers are South America and Australia.

A new, simplified, plain language, TRANSIM, for
computer simulation in the transportation industry,
requires “no glossary, no special vocabulary, no list
of definitions, no abstract language, and no short
courses” for its operators. Developed by the Com-
merce Department, the standardized computer program
can be used, without modification, from problem to
problem. There is no fixed, built-in computer program
logic relating to individual, specific transportation prob-
lems. It is inexpensive and fast to use. Because new
programming is not required and because the sim-
plified input data format is designed for maximum use
of readily available data sources, problem turnaround
(from formulation to solution) can be accomplished in
a small fraction of the time and cost required with
other approaches.

The computer is matching jobs for jobless in the Dis-
trict of Columbia’s poverty program. The computer
program, financed by an $82,000 grant from the Office
of Economic Opportunity, prints lists of job open-
ings daily for local manpower centers. USES coun-
selors working at neighborhood centers contact the
unemployed matched by the computer and arrange
interviews.

Nearly 500 of the Air Force's C-130 propjet transports
forming the backbone of the airlift capability in South-
east Asia are being fitted with a tiny built-in weight
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from our man in Washington

and balance computer to reduce loading and turn-
around time. Input signals from sensors located in the
landing gear are integrated by a solid-state computer
in the cargo compartment that reads out gross weight
and the aircraft’s center of gravity as the cargo is
loaded.

The use of computers to overcome the information
problem gap was played down by Budget Bureau
Director Charles L. Schultz during hearings on a pro-
posal by Senator Edward Kennedy (D. Mass.) fo have
the Advisory Committee on Intergovernmental Rela-
tions carry out a study on the possible use of EDP for
better coordination of information on Federal aid pro-
grams. According to Schultz, much of the needed
services for informing state and local officials can be
provided by a good up-to-date catalog and does not
necessarily require a highly sophisticated, computerized
information system. Schultz stated that “information
systems in various program fields need to be improved
and tied together as a first step, instead of starting
with the assumption that computerized systems are the
key to the whole problem.” Secretary of Commerce
John T. Connor told the Senate hearing that it is evi-
dent the needed information was not available in an
up-to-date, easily accessible form. He questioned if
the study should not be done by the Commerce De-
partment. He reminded the Senators that it had been
given the responsibility to provide scientific and tech-
nological advisory services relating to EDP and re-
lated systems and to establish a uniform Federal EDP
standard. If the resolution is adopted the Bureau of
Standard’s services should be utilized, he believes.

Recent Government Contract s=sssssssssssnsssnsnssnsnn:

GARRETT CORP., Torrance, Cal., has received a $2,732,116
contract order for production of (FSC-6610) computer
components for F-4 series aircraft. Work will be done at
Los Angeles. The contract order is being issued by the
Oklahoma City Air Materiel Area (Air Force Logistics
Command), Tinker AFB, Okla.
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A NEW NUMBER SYSTEM

on which to base the design of digital
systems! It may revolutionize the
computer industry by providing:
LOWER PRODUCTION COSTS
SMALLER SIZE
LOWER POWER CONSUMPTION
HIGHER RELIABILITY
REDUNDANCY EASILY BUILT-IN

STANDARDIZATION OF
FUNCTIONAL ARITHMETIC MODULES

This vital new number system
will be introduced in a series
of articles in Computer Design.

IF YOU ARE NOT NOW A
DIRECT SUBSCRIBER TO COMPUTER DESIGN
FILL OUT THE QUALIFICATION CARD
OPPOSITE PAGE 1 AND MAIL IT NOW
FOR YOUR YEAR'S FREE SUBSCRIPTION




COMPUTERS ARE CREATING A
WIDENING GAP BETWEEN MAN-
AGEMENT AND EMPLOYEES THAT
WILL RESULT 1IN SERIOUS
PERSONNEL PROBLEMS IF NOT
PROPERLY RECOGNIZED, says
George S. Conomikes, di-
rector of Business Forum,
Chicago-based business edu-
cation firm. With the aid
of computers, management is
able to make improvements
in work systems and actually
"try them out" before they
are installed. This means
that management decisions
which affect work proce-
dures can be made on the
basis of figures rather than
human relation. There is an
accelerating trend toward
this type of remote man-
agement, Conomikes pointed
out, and the company of to-
morrow may well be run by a
management that has less and
less direct contact with
production or office proce-
dures. What does this mean?
It means that employees will
be told to change the way
they are doing things, or
to do different types of
work, without any under-
standing of the reasons for
the changes. The ultimate
result of this according to
Conomikes, is a loss of em-
ployee "esprit de corps" and
it could mean that the "ded-
icated employee" becomes a
vanishing breed. It will
be a costly mistake if the
human element is neglect-
ed in our computerized,
systematized, mathematized
world of tomorrow, Cono-
mikes stressed. In this fu-
ture world, there will be a
communications gap between
the problem-solvers and the
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people who are affected and
who may not fully comprehend
the reasons for changes in
their systems or work en-
vironment. Management had
better start looking for the
best way to fill this gap if
it wants operations to con-
tinue at optimum efficien-
cy. The answer, according
to Conomikes, is to provide
a liaison between manage-
ment and employees. Some-
one who will translate man-
agement's decisions to the
workers involved. Logi~-
cally, this responsibility
should be assumed by the
personnel manager.

WESTINGHOUSE ELECTRIC COM=-
PANY HAS ORDERED $5-MILLION
OF SIGMA COMPUTERS and re-
lated equipment to be pur-
chased from Scientific Data
Systems, it was announced
by SDS Pres., Max Palevsky.

THE COMPUTER INDUSTRY MUST
DEVELOP A NEW YARDSTICK TO
MEASURE THE VALUE OF THE
COMPUTER-BASED MANAGEMENT
SYSTEMS NOW COMING INTO BE-
ING, according to Robert V.
Head, Computer Sciences
Corp.'s manager of manage-
ment information technol-
ogy. He noted that hereto-
fore the measure of a com-
puter's worth has been the
savings it has achieved. Few
companies have installed
computers "unless there was
anoff-settingcost benefit"
that could be clearly demon-
strated, Head asserted.
Writing in the Dutch techni-

cal publication "Informa-
tie", Head explained that
the advanced systems now be-
ingdeveloped offer intangi-
ble benefits that cannot be
measured in terms of dollars
saved. The Computer Sciences
executive singled out the
investment banking field to
illustrate his point. 1In
deciding whether to install
a management information
system, Head said, the ques-
tion an investment banker
should consider is not how
much it is worth to "update
the portfolios and manage
the paper work." Rather, he
asserted, the question such
a firm should ask itself is,
"What is it worth to us to be
able to make a better or more
judicious selection of an
investment portfolio?" Head
defined a management infor-
mation system briefly as a
"tool that can be used in or-
ganizing information and in
presenting information to
management." Whereas com-
puters initially were used
for routine tasks such as
record maintenance, they are
now being employed increas-
ingly in "more imaginative

and ambitious applica-
tions," the CSC executive
said.

LOCKHEED MISSILES AND SPACE
COMPANY, SUNNYVALE, CAL.
HAS ORDERED 15 COMPUTER SYS-
TEMS FROM THE COMPUTER DIVI-
SION, ELECTRO-MECHANICAL
RESEARCH, INC., MINNEAPO-
LIS, MINN: Themulti-million
dollar order consists of two
EMR ADVANCE 6040 computers
serving as masters to AD=-
VANCE 6020 machines. They
will be used for checkout of
the Poseidon missile. Each
6020 computer will communi-
cate with a number of cath-
ode~-ray tube visual display
units at testing locations.
CRT test stand operators
will request test programs
to check each corresponding
subassembly, assembly, and
system during the Poseidon
prototype, manufacture, and
preflight operations.
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You can have all the SDS T Sencs mtegrated circuit modules you want now.
We're in full producuon.

Each card uniquely
keyed for proper instal-
lation.

Test points.

Ground plane laminated
through middle of entire
glass-epoxy board.

Load resistors séparate
from IC’s for heat isola-
tion.

Discrete diode-resistor
inputs for gating flexibil-
ity, high noise rejection.

Four pins reserved for
ground lines. -

Four integrated-circuit
buffer amplifiers in each
hermetically sealed
TO-5 can.

52 ribbon connectors (26
each side) for easy access
to all circuits.

All components clearly
identified.

Individual power line
filters.

Actual size 44 x 4% .

ail at the same

low integrated-circuit price.
We designed these modules for our new Sigma computers,

but we also intend to become the largest manufacturer of

logic modules for system designers. :

We don’t want to give away any of our Sigma secrets.

But we'll sell them pretty cheap.

Scientific Data Systems,
Santa Monica, California



INDUSTRY NEWS

A BOOKLET BREAKING DOWN THE
WORKINGS OF ELECTRONIC COM-
PUTERS INTO SIMPLIFIED TERMS
AND DIAGRAMS IS NOW BEING
DISTRIBUTED by the U. S.
Atomic Energy Commission.
The 56-page publication,
"Computers, " tellshowwires
and transistors plus human
ingenuity are combined to
produce complex machines.
It covers the binary count-
ing system, basic electron-
ies, differences between
digital and analog comput-
ers, and programming. Single
copies of "Computers" are
available without charge
from AEC's Division of Tech-
nical Information Exten-
sion o Pe OsaiBox 62 08l
Ridge, Tenn. 37830.

LIGHTWEIGHT, AIRBORNE DIGI-
TAL COMPUTERS DEVELOPED FOR
DETACHMENT 1 OF THE AIR
FORCE AVIONICS LABORATORY
BY NORTHROP CORP'S NORTRON-
ICS DIVISION HAVE SATISFAC-

TORILY COMPLETED ACCEP-
TANCE AND ENVIRONMENTAL
TESTS and are currently

being integrated into the
Holloman low-cost aircraft
inertial navigation (locat-
ing) system. Nortronics de-
livered their 3 NDC-1050A
integrated circuit comput-
ers and control units and
displays under an Air Force
contract. The NDC-1050A is
a low=cost airborne comput-
er, featuring conductive
cooling and a random access
2,048-word memory with
transient protection to
meet requirements of MIL-
STD-704 (power input). The
computer also is designed to
MIL-E-5400 (airborne equip-

ment) specifications. The
NDC-1050A contains only two
full-sized integrated cir-
cuit data registers but it
utilizes the first 10 ad-
dresses of the main core
memory for the accumulator
and 12 other working regis-
ters. The register contents
are made available to the
arithmetic and control
units during each operation
cycle. Input-output data is
transferred in a serial
mode with word assembly ac-
complished in the computer
program, rather than com-
plex buffering equipment.
Nortronics engineers said
the economies of serial
arithmetic were employed in
the computer because of the
low cost requisites. This
resulted in a 268 KC machine
with an add time of 89.5
microseconds, and a multi-
ply time of 835 ms.

GOVERNMENT REPORTS %%

BREADBOARD MECHANICAL SCANNER

The use of a coherent light to generate a small optical spot for
data extraction from a fransparency is announced in a report from
CBS Laboratories. Using the scanner, a capability of distinguishing
256 lp/mm and 30 shades of grey from light to dark was demon-
strated by the developers. The system consists of a laser light
source, a beam expander, a beam normalizer, a rotating optical
scanning system to cover a 2-inch wide transparency, a transparency
holder, a light collector, and a photomultiplier assembly including
video amplifier and high-voltage power supply. CBS says these
system components are basically off-the-shelf items.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield,
Va, 22151. Order No. AD-628588. Price: $3.00.

ON THE DESIGN AND TESTING OF SELF DIAGNOSABLE COMPUTERS

Study investigates new approach for deriving self-diagnosis programs
for digital computers based on only a micro-order description of the
computer to be tested without detailed logic information. Approach
is made possible by standardizing computer realization techniques by
means of a set of design principles which guarantees the existence
of a relationship between the behavior of a computer under a large
number of failures and alterations of the micro-order specification for
that computer. Procedure can be programmed so that the diagnostic
programs can be generated by a computer.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield, Va.
22151. Order No. AD-636-274. Price: $3.00.
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TECHNOLOGY FOR PNP INTEGRATED CIRCUITS

Report describes integrated circuits that are intended for use in
code converters for data processing. These PNP integrated circuits
are a three-input NOR gate and a flip-flop. During the initial phase
of the work, three-input NOR gates were successfully diffused, but
rigorous electrical testing disclosed a softening of the collector
diodes — believed due to a surface inversion phenomenon within
the collector region between the base-collector junction edge and
the top-collector contact. A new design was therefore adopted
which incorporates a guard ring within the collection ring and
which by virtue of its high boron concentration prevents the forma-
tion of leakage channels by eliminating surface inversion.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield,
Va. 22151. Order No. AD-629126. Price: $2.00.

STANDARDIZATION OF TYPEWRITER FONTS

General Precision’s Link Group has completed a program that pro-
vides engineering data in support of standardization of typewriter
fonts and related features for optical scanning application. Primary
emphasis in this program was placed on investigation and evaluation
of existing typewriter fonts and includes an evaluation of a type
font developed by Subcommittee X3.1 on Character Recognition
Under American Standards Association Section Committee X3. In-
vestigations were by computer programmed assessment of each font
using a technique developed partly under Air Force contract and
partly under continuing Link sponsored character recognition efforts.
Evaluations were accomplished by extending the vocabulary capacity
of a Link Multifont Page Reader to permit machine reading of a
significant volume of typewriter-prepared documents. Reject and
error rates were determined in this manner for each of several type
styles considered.

Order from Clearinghouse, U. S. Dept. of Commerce, Springfield,
Va. 22151. Order No. AD-630471. Price: $3.00.



RCA’S new 1-us
Integrated Circuit
Memory System
is expandable up
to 32,768 words

X 36 bits

Integrated circuits in this new RCA memory system increase
speed, reduce size, and lower power needs. Complete front-
panel accessibility provides easy maintenance. .. panels slide out
and open like a book.

Field-proved RCA circuit modules assure high reliability.

And you have maximum flexibility with such optional features
as: expandable memory size, a self-tester, Read/Modify/Write
operation, and easy interfacing,

Ask about the new RCA 30/18 high-speed cores that make
this system unique. ..and reduce the cost to you. A new 2-us
system is also available.

Call, write or wire your RCA Field Representative today for
price and delivery information. For a technical data brochure,
write RCA Electronic Components and Devices, Commercial §
Engineering, Section FZB-2 Harrison, N.J. 07029.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
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NEW DISPLAY MODULE

Decode and Display Unit Accepts 4-Wire BCD Inputs

from Integrated Circuit Logic

A new kind of readout module for
displaying 0-9 numerals in response
to coded electrical input signals has
been developed by Numex, Inc. of
Waltham, Mass. The new readout,
which has the inherent ability to ac-
cept and decode BCD input signals,
can be supplied in side-by-side assem-
blies complete with bezel, frame, and
common electronic circuits, to make
multi-decade readouts for digital in-
struments, systems, computers, etc.
The first commercial line offered by
the company is the R-100 Series,
which is designed specifically to
display low-signal-level data from
integrated circuit systems. Model
R-100 averages $50 per decade in
sample quantities for 4 decode assem-
blies. This price is said to compare
favorably with other displays de-
signed to read out BCD data from
integrated circuits.

New Projection Principles

The NUMEX is a projection read-
out, and harnesses the image projec-
tion principles used in ordinary movie
projectors. That is, the image of the
numeral to be displayed is mechani-
cally positioned at the focal point of
an optical system, which then pro-
jects an enlarged view of the numeral
onto the viewing screen. The
NUMEX is said to differ radically
from conventional projection read-
outs in the method of selecting the
image to be displayed. Many con-
ventional projection readouts use a
separate light bulb and lens-system
for every numeral, and have images
of appropriate numerals positioned
at the focal-point of every lens. Nu-
meral selection is accomplished by
energizing the bulb associated with
the desired numeral; the selected
bulb then projects the image of the
numeral onto the viewing screen. In
contrast, the NUMEX uses just one
light bulb for all numerals and pro-
jects all numerals through a common
optical system based on a single high-
quality compound lens. A one-inch
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diameter stainless steel disk, bearing
stamped-out numerals 0-9 around its
periphery, is mounted so that its edge
intercepts the light beam at the focal
point of the optical system. Thus, by
rotating the disk, numerals 0-9 are
brought sequentially to the focal
point of the lens causing enlarged
numerals to be projected one-after-
the-other onto the viewing screen.

The image-bearing disk is actually
mounted onto the shaft of a peanut-
sized electronically-driven stepping
motor which spins the disk until the
desired numeral is displayed. Nu-
merals are selected by driving the
motor until it has positioned the disk
in accordance with the BCD input
commands.

The NUMEX readout requires
only one power drive circuit (for
stepping the motor), whereas most
conventional readouts require a
power driver for every bulb. Fur-
thermore, the NUMEX drive circuit
is active only for a brief period when
the display is being updated. Once
the correct numeral is in view, motor-
drive-pulses are gated off and the
motor’s magnetic detent action holds
the shaft (and numeral-disk) in posi-
tion.

Another important advantage of
the new readout arises from the total
absence of bulb-switching. A very
large filament, high-power lamp can
be used at a low operating tempera-
ture. The result is said to be a very
long life combined with sufficient
brightness to make the readout visible
in direct sunlight. If the high cur-
rent required for these benefits were
to be switched, the cost of the ten
drivers would be exorbitant, accord-
ing to the company.

Although not particularly relevant
to the Model R-100 readout unit, it
is important to note that the use of a
stepping motor for numeral control
provides the basis for using the
NUMEX principle in counting in-
struments. That is, the motor can be
stepped around in accordance with
pulses developed by event-monitoring

transducers. By equipping every de-
cade with “carry” output pulses,
complete multi-decade counters and
totalizers can be realized with very
little additional hardware.

The decoding principle of the
NUMEX operation is that of a digi-
tal servo. The stepping motor is
pulsed continually when a fresh nu-
meral is called for and, in this way,
“tries different numerals for size”
until the right one is found. Photo-
cells are used to stop the motor when
the displayed numeral matches the
numeral specified by the BCD data-
input. (This is the null-seeking pro-
cess upon which all servos are
based.)

Key to the NUMEX decoding sim-
plicity is the method of feeding back
information about the disk position
so as to stop the motor at the correct
numeral. Instead of using arrays of
silicon diodes in a conventional
binary-to-decimal conversion circuit,
the NUMEX uses arrays of tiny
holes punched in coded patterns
alongside the numerals on the image
disk. These holes are punched in
BCD 8-4-2-1 pattern (other codes
are easily substituted) and each set
of holes represents, in BCD form, the
value of the adjacent decimal nu-
meral.

Light passing through the set of
coded holes is projected, along with
the numeral image, onto the back of
the viewing screen. However, unlike
the numeral image, the coded light
pattern is not seen by the viewer but,
instead, falls onto an array of strate-
gically-placed photocells. The photo-
cells recognize the hole pattern and
develop corresponding BCD-coded
output signals.

By feeding the coded photocells
signals to the NUMEX’s internal
comparison circuit, the photocell
code, representing “what is”, can be
compared with the input code which
represents “what should be.” The
comparison circuit keeps the motor
running until the input and feedback
signals are identical, at which point,
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PHOTOCELLS COMPARE BCD INPUT

WHEN MATCHED
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LOW—COST FILAMENT

TRANSFORMER POWERS
SEVERAL DECADE UNITS

further pulses to the stepping motor
are shut off. The stepping motor
then stops with its detent holding the
desired numeral in view until a fur-
ther updating is required.

No regulated DC power supplies
are required by the NUMEX. In-
stead, one of its very economical fea-
tures is the ability to operate from a
center-tapped 6.3 volt transformer (a
mass-produced filament transformer,
for example). Drive power for the
stepper, bulb power, and supplies for
the comparison circuits are all de-
rived from the 6.3 volt input.

GROUNDED _INPUT
PROVIDES "HOLD"

4 WIRE

BCD INPUT
FROM INTEGRATED{
CIRCUIT LOGIC

According to the company, the fun-
damental economy of the NUMEX
R-100 Series comes from the design
principle of literally replacing arrays
of silicon decoding diodes with arrays
of coded holes punched in the motor-
driven disk. Besides eliminating diode
costs, the NUMEX principle elimi-
nates the assembly and wiring costs,
too. Although the NUMEX does use
photocells for reading the optically-
encoded disk angles, only 8 photocells
are needed for recognizing all BCD
codes.

When the NUMEX is used for

displaying digital data from high-
speed digital computers and other
fast logic circuits, an intermediate
memory can be built into the
NUMEX to avoid tying-up the com-
puter for the 300-millisecond updat-
ing period. The auxiliary memory
acquires the BCD command in less
than 50 ns, frees the computer, and
allows the motor to take its own time
to reach the new position.

For more information on these new display
units:

Circle No. 104 on Inquiry Card.

STANDARD INDUSTRIAL
MEMORY SYSTEMS

Three new versions of a standard,
low-cost, 10-microsecond memory
system include a new hardware de-
sign that permits the addition of
power supply, counters, level shifters
and/or logic modules. Designed for
industrial /commercial control data
storage applications the 3 versions
of the 512 word by 8-bit unit are a
half-cycle system, a wired program
system, and a BCD addressable sys-
tem. According to the manufacturer,
each of the new systems was designed

with a specific application in mind.
For example, the half-cycle system,
the FX-12/B, offers the advantage
of a higher readout or transfer rate
making it ideal for pure buffer ap-
plications such as data transfer from
punched card to magnetic tape. It
can also be used in split cycle opera-
tions (read-modify-write) thereby
reducing the amount of electronics
required for counting and signal
averaging applications. The FX-
12/B is available in three sizes: 512
words by 8 bits, 256 words by 8 bits,
and 128 words by 8 bits. Prices range
from $1190 for the small size to
$1390 for the larger version. The
FX-12/W or wired program unit is

specifically designed for such appli-
cations as code conversion, table
look-up, computer programming,
machine tool control, and industrial
and utility programming. The FX-
12/D, claimed to be the first BCD
addressable core memory ever offered
on the market, is expected to find use
wherever interface with decimally-
oriented devices is required. All
FX-12 Systems include complete tim-
ing circuitry, interfacing data regis-
ters, sense amplifiers and x, y, and
inhibit drivers in addition to the con-
trol core matrix. Ferroxcube Corp.,
Saugerties, N. Y.

Circle No. 260 on Inquiry Card
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SIGNAL LAYER

INTERCONNECTING

PLATED THROUGH HOLE

GROUND LAYER

Fig. 1 Sectional vieyv of multilayer PC board

HIGH-SPEED

INTEGRATE|

A multilayer printed circuit board is described as the
state-of-the-art method of achieving dense intercom-
nections of integrated circuits. Electrical considerations
involved in the design of multilayer boards are discussed
and the effects of these considerations upon critical
dimensions of the boards are quantitatively presented.

R. C. GRIMMER,
Advisory Engineer,
IBM — Space Sys./Citr.,
Bethesda, Maryland

Contemporary integrated circuits
provide the user with a relatively
high circuit density at the first level
package. Typically, three logic cir-
cuits are contained in commercially
available 14-lead flat packs measur-
ing approximately 0.250 x 0.250 x
0.100 inches. The integrated circuits
presently available exhibit raw logic
circuit turn ON and turn OFF delays
of as little as two to three nanosec-
onds. These attributes provide the
user with the capability of designing
a high-speed system, provided he can
develop a second level package which
will interconnect first level packages
with minimal line lengths and with
minimal signal distortion.

One of the most attractive means
of providing high density intercon-
nections is the multilayer printed cir-
cuit board. This consists of several
layers of epoxy glass insulation clad

with copper on both sides. The cop-
per is etched to provide the desired
networks on each side. The resulting
etched boards are then combined
with insulating layers, and laminated
with a bonding agent to form the
multilayered printed circuit board.
Connections between layers are
achieved by drilling holes through
the laminated board and electro-
plating the inside of the holes with
copper. Contact is then made with
copper lines that have been exposed
to the plating material. See Figs. 1
and 2.

The multilayer printed circuit
board provides interconnecting lines
which are dimensionally well con-
trolled within a homogeneous me-
dium. A signal line on one layer and
a parallel return on another layer
constitute a transmission system with
fairly well defined characteristics,
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Fig. 2 Cross-sectional view of multilayer PC board
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and it is possible to predict the elec-
trical properties of this system. The
remainder of this article describes
the considerations involved in choos-
ing the electrical characteristics of
the interconnections in terms of the
properties of the integrated circuits
to be interconnected, and the ease
with which the multilayer printed
circuit board may be manufactured.

Assignment of Layers

The multilayer printed circuit board
provides several stacked layers of
copper separated by insulating ma-
terial. These layers may be etched
to form signal lines or they may be
left mostly intact to provide a cop-
per plane. Copper planes provide an
excellent means of distributing power
supply voltages to the integrated cir-
cuits through a low impedance path
from the power supply terminals or
decoupling capacitors; they may also
be used as intervening shields be-
tween signal layers.

An example of a multilayer board
with layer assignments is given in
Fig. 2. The top surface provides in-
terconnection between the flat pack
leads and the plated-through holes.
The second, third, and fourth layers
are copper planes which provide low
impedance paths for distributing the

MULTILAYER

power supply voltage and ground to
the integrated circuits. Also, noise
that may appear on the voltage plane
due to imperfect decoupling is iso-
lated from the signal layers by the
adjacent ground planes. Th