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ONLY 3C OFFERS

TOTAL INTEGRATED CIRCUIT CAPABILITY:
p-PACS, MEMORIES, AND COMPUTERS

MICROCIRCUIT DDP-124

24-bit word DDP-124 features monolithic in-
tegrated circuit u-PAC'™ construction; fast,
reliable, and flexible logic configuration —
binary, parallel, sigh/magnitude, single ad-
dress with indexing, powerful command
structure. Over 285,000 computations per
second. MEMORY: 8192 words (expandable
to 32,768) directly addressable; cycle time
1.75 psecs. INPUT-OUTPUT: Typewriter,
paper tape reader and punch. (Strong op-
tional 1/0 capability and broad range of
peripheral equipment.) SOFTWARE: FOR-
TRAN Il and IV, assembler, executive, utility
and service routines. Fully program compati-
ble with DDP-24 and DDP-224 general pur-
pose computers.

JC SAL[S OFFIC[S NEEDHAM, MASS.; FOREST HILLS,

WN. PA.: SYRACUSE, N.Y.; SILVER SPRING,
fD HOUS]O‘I TEXAS; HUNTSVILLE ALA.; COCOA RLACN.
FLA.; DES PLAINES, ILL.; DETROIT, MICH.; WEST -
ROLLTON, OHIO; LOS ANGEL[S CALIF.; KENT, \ASN
ALBUQUERQUE, N.M

COMPUTER CONTROL COMPANY,

OLD CONNECTICUT PATH,

INTEGRATED CIRCUIT 1 HSEC
CORE MEMORY

New ICM-40 microcircuit, coincident cur-
rent, random access core memories feature
full cycle operation in 1 u#SEC (less than 500
nsec access time). ICM-40’s feature price,
size and reliability advantages of integrated
circuit p-PAC'™ logic. Word capacities to
16,384 in a 5%” high unit for mounting in
a standard relay rack. Design permits pull
out front rack access. Operating tempera-
tures from 0°C to --50°C, with broad mar-
gins. Clear/Write, Read/Restore and Read/
Modify/Write are standard modes of opera-
tion. ICM-40 interfaces comfortably with
both discrete component and integrated cir-
cuit systems. Low power dissipation.

p-PAC LOGIC MODULES

3C is the world's largest supplier of digital
logic modules. With several years of in-house
funded research and design, 3C has devel-
oped a broad line of standard, fully inte-
grated, monolithic, 5mc circuit modules with
the flexibility of 3C’s long established dis-
crete package lines. This has been achieved
while retaining advantages inherent in the
integrated circuit — price, size, reliability.

INC.

FRAMINGHAM, MASSACHUSETTS 01702
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Fairchild Series 4000MA * |,

1. Function Check. Each test sequence
includes logic performance check. If the
circuit passes, the system will automatically
switch to the next test mode.

2. DCTesting. The 4000 makes sixty tests
per second with resolution of =.1mV and
+.1nA. Readout is Go/No-go with optional
direct digital display or data logging.

3. Linear Measurements. The 4000 auto-
matically measures: input offset voltage,
input bias current, input common mode
rejection ratio, open loop voltage gain, out-
put impedance, output voltage swing, V+
and V— supply current, total device power,
input common mode ratio, differential volt-

844 CHARLESTON RD., PALO ALTO, CALIFORNIA, 962-2451

age gain, output common mode voltage,
maximum voltage between V+ and V— ter-
minals, BVco at 10pa and up, differential
input impedance and open loop voltage
transfer function.

4. Switching Time. An automatically pro-
grammed switching time option measures
storage time; propagation delay; pulse rise
time, fall time and width; saturation voltage
and pulse height and sag.

5. AC Voltage Measurements. Sinusoidal
measurements can be made on a variety of
circuits, with 1% accuracy.

Economical Testing. The simple magnetic
disc programming lets an inexperienced

SEREREBRRRES

operator switch to 36 different test programs
on a single disc in just seconds. This means
you can program and test printed circuit
cards, integrated circuits, flat packs, dual
in-line packs, potted modules and even
micrologic wafers at a single test station.

For a complete list of options and the full
range of Series 4000 capabilities, get in
touch with your nearest representative or
write Fairchild Instrumentation.

TR TR S R
FAIRCHILD
R R A

INSTRUMENTATION

® TWX:910-373-1256 m FAIRCHILD INSTRUMENTATION, A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORP.
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T Look what Colorado Instruments

did with Roytron’s
plain little paper tape punch.

Colorado Instruments was developing a
data collection device that would turn source
data into computer-usable punched tape. And
they were looking for a particular kind of
tape punch.

Since it just happens that ROYTRON™
produces punches for every conceivable paper
tape requirement, it was only natural for us
to get together. (The resulting computer data
entry system is already in use in over one
hundred retail outlets of one of the nation’s
largest mail order houses.)

Roytron’s basic tape punch mechanism
suited Colorado’s needs to a “T.” But we
could have delivered it either desk or rack-
mounted. With or without electronic circuitry
or logic. Reader incorporated or not. Either
20, 50 or 75 CPS. In 24 different models.

Roytron offers more than just the widest

ROYTRON"
A DIVISION OF LITTON INDUSTRIES

range of models. Our clients get punches with
the most desirable operating features. Features
like efficient electromagnets and off-center
springs for smooth, trouble-free punching. In
addition, Roytron paper tape punches operate
on unusually low power (24 volts, 75 ma).

And they come with a meaningful war-
ranty backed up by a nationwide system of
service centers.

However you like your Roytron paper
tape punches, that’s how you get them. Cus-
tomized. And we also have a price story to
tell. So, before you go a step further with a
punched tape system, consider Roytron.

For detailed specifications on the Roy-
tron paper tape punch that fits your exact
requirements, write: Roytron, Royal Type-
writer Company, Dept. 35BV, 150 New
Park Avenue, Hartford, Connecticut 06106.
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R & D REPORTS
Experimental PCM System Transmits 224 Million Bits Per Second

An Experimental 16-Bit Monolithic Memory Array Chip

LAMINAR BUS BAR ASSEMBLIES

The advantages of using bus bars for power distribution in digital systems.
MOS MICROPOWER COMPLEMENTARY

TRANSISTOR LOGIC

The major characteristics of MOS devices are explained, followed by a
discussion of some possible MOS complementary logic arrangements.

ORGANIZATION OF ROTATING BULK MEMORIES
FOR MINIMUM RANDOM ACCESS TIME

Some design techniques for minimizing random access time in retrieving
information stored in a rotating bulk memory.

| CD PRODUCT REFERENCE FILE

DATA LOGGING PRINTERS

PART 2 — MANUFACTURERS’ UNITS

Brief description of commercially-available data logging printers plus a
summary of major performance characteristics of representative models.
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Where is
the rest of the

New
VersaSTORE
Core Memory?

That's all there is!

Just 5V4 inches of rack space for a full 4096 word,
24 bit VersaSTORE Core Memory. And it's all acces-
sible from the front panel, including the core stack.
VersaSTORE comes in capacities from 256 to 4096
words of up to 24 bits. Any VersaSTORE may be field
expanded to the maximum size.

If you like our compact package, look inside,
VersaSTORE is loaded with features! Like the con-
tinuous lamp display of all the registers for imme-
diate data identification. Integrated circuits for max-
imum reliability. 2usec. cycle time with half cycle
operation. A flexible interface, either PNP or NPN
for easy integration with your system. VersaSTORE

requires only =12V. = 5% to operate. Buffered input
from 3V. to 24V. and output from 1V. to 12V. Plenty
of output drive for system requirements. Random
access. A servoed current drive that maintains good
operating margins at temperature, without stack
heaters. The exclusive “Dataguard” that protects the
memory content during system checkout. Options
include sequential and sequential interlace address-
ing and self-test.

If you like our compact package and our fea-
tures, you'll really like VersaSTORE’s compact price.

For a VersaSTORE brochure, full of facts and
figures, write to:

(dcl) DECISION CONTROL, INC.

1590 Monrovia Avenue, Newport Beach, Calif.

CIRCLE NO. 4 ON INQUIRY CARD
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Programmers:

Let's take
a look at
your future.

Programmers at IBM enjoy
professional status. Get full
support from management. Work
closely with systems designers.

As an IBM programmer, you'd

rub elbows with the profession’s
leaders. Be exposed to all

aspects of advanced programming.
Have an active part in helping

to advance the frontiers of
programming knowledge.

You'd get the chance to grow.
Take on new responsibility. And
realize all the accompanying
rewards. You'd enjoy continuing
career-oriented assignments.

Soon, IBM programmers will be
writing control programs for
post-lunar launches. They'll
develop time-shared systems for
overlapping missions. They'll
work on multiprocessors, dynamic
storage allocation, and adaptive,
self-organizing systems.

They’ll even use computers to
design other computers. But
that’s in the future. Your
future with IBM. Let’s talk
about now.

We have immediate openings in
our Federal Systems Center in
Bethesda, Maryland. These posi-
tions require a B.S. or B.A.
degree, or equivalent, and at
least one year’s experience in
programming. To learn where
your programming talents could
take you in IBM’s Federal Systems
Center, mail the coupon today.

We'll contact you within a week.
IBM pays relocation expenses.
An Equal Opportunity Employer.

Mr. J. B. Farrington

Dept. 540-0 IBM
IBM Federal Systems Center

7220 Wisconsin Avenue

Bethesda, Maryland 20014

| am interested in career
opportunities in programming at IBM.

Name

Address

City

State Zip Code
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The ONE Computer/ built to MATCH !

DATA [ 620 Matches your System

Designed for integrated information, processing, and control
systems. Independent GP Memories for simultaneous operation—Two
memory access channels standard, 5565KC and 200KC— Party-Line 1I/0
communication for time sharing and plug-in expansion— Micro-Exec
for sub usec processing rates— Six types I/0 facilities and up to 64
devices— Simultaneous 1/0 rates of over 500,000 words per DMA
Power and thermal failure protect with interrupt standard.

DATA [ 620 Matches your Engineering

Specifically designed to provide engineering flexibility and
economy—16 or 18 bits, 1.8 usec core memory—Over 100 machine
commands, 9 hardware registers, universal bus organization— Modular
construction for varied configurations — Front access, 261/ inches of
rack space—0-45°C.— 7500 hours MTBF—0-12V Logic levels, 4V noise
rejection— VersaLOGIC circuits, VersaLOGIC modules for interfacing.

DATA [ 620 Matches your Budget

Designed for today’s and tomorrow’s systems. Economical to
program and use-—FORTRAN in 4K, Assembler, Aid, Maintain, all
open-ended— Low initial cost ($27,900.00) and low subsequent opera-
tional cost— Low incremental plug-in expansion cost.

We have the complete DATA/620 story in a fact filled 36 page brochure.
If you would like one, write to:

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

Division of DECISION Control, Inc.

T T
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. DC OUTPUT ;.

The National Bureau of Standards was the only size-
able group in the Government to have a long delay
in receiving the recent retroactive pay raise. The blame
in the pay delay was attributed to NBS’s own computer
which is supposed to be one of the most sophisticated
in the business. It seems an inexperienced employee
fed the computer the wrong data leading the ma-
chine to write an incorrect payroll.

The Federal Deposit Insurance Corporation (FDIC) is
embarking on a computer program designed to pro-
vide it with additional tools with which to carry out
its continuing responsibility to the public to foster
strong, efficient, and competitive financial institutions.
Through computerization, FDIC plans to develop in-
formation which can be used in the analysis of market
penetration and concentration, for cost studies and
comparative studies of financial institutions by type,
size, or area, and in many other areas pertinent to
bank supervision. These analytical tools, it is believed,
will be useful to both the FDIC and to banks across
the nation.

Uncle Sam is looking for new executive talent for the
civilian National Defense Executive Reserve — espe-
cially personnel with scientific training or experience
with automated control methods. NDER is composed
of business executives, mostly from the role just be-
low the company president, who would, in the event
of a dire emergency, work in Washington in the areas
of wage and price control and material rationing. If
interested, communicate with Bufford Ellington, Direc-
tor of Emergency Planning, Executive Office Building,
Washington, D. C.

An Information Center at the Office of Economic
Opportunity (OEO) will aid in the Administration’s
War on Poverty. Leon Gilgoff, a systems expert, has
been named head of the new office. OEO’s Center will
use modern computer, communications, and display
techniques to bring together data on poverty pro-
grams and progress at all levels. The Center will in-
clude a computer complex, a communication center,

from our man in Washington

and a reference and inquiry section. In effect, accord-
ing to OEO, “it will be the National Control Room for
the War on Poverty.”

Independent of the executive branch, Congress should
adopt the use of computers to provide itself with better
information, suggests Kenneth Janda. A Northwestern
Univ. political science professor, Janda believes that
with a computer-type information processing system
a member of Congress could be notified automatically
of the introduction of bills of interest to him and other
necessary background information. A member called
to the floor to vote on a bill with which he is not
completely familiar, it was pointed out, could in-
stantly obtain from his office the issues involved, sum-
mary information of the sponsorship of the measure,
the voting position of the President and party leaders,
and possible effects of the legislation on his constitu-
ency. Janda said the cost of such a system could be
kept below $300 million, which, he contended, would
not be excessive considering the gains that would be
achieved.

Recent Defense Department Contracts ssssssssssssnnnss

MAGNAVOX CO., Urbana, Ill., issued a $5,641,432 fixed-
price contract for gun direction computers. The Frank-
ford Arsenal awarded the contract after competition in
which 33 bids were solicited and 11 were received.

GARRETT CORP., AiResearch Mfg. Co., Div., Torrance,
Cal.,, a $1,375,000 fixed-price contract for computers for
F-4B aircraft. The contract was issued by the U. S. Navy
Nviation Supply Office, Philadelphia, Pa.

UNIVAC, Div. of Sperry Rand Corp., Wash, D. C,
awarded a $1,571,760 fixed-price contract for various
items of data processing equipment. The Defense con-
struction Supply Ctr., Columbus, Ohio, issued the con-
tract.

SYSTEMS DEVEL. CORP., Santa Monica, Cal., awarded
a $58,000 contract by the Justice Dept. to design a com-
puter-based management information and retrieval sys-
tem. The system will provide Justice attorneys with rapid
access-to-case information.

BUNKER-RAMO CORP., Silver Spring, Md., received an
extension of a contract to prepare an automated reporting
system that will gather and process cost data for the
U. S. Weather Bureau.



AN RCA 301 COMPUTER SYSTEM,
INCLUDING TWO MASS MEMORY
STORAGE AND RETRIEVAL
UNITS, HAS BEEN ORDERED BY
THE CALIFORNIA DEPARTMENT
OF JUSTICE IN A PROGRAM TO
BUILD A STATE-WIDE CRIMINAL
DATA GATHERING NETWORK. The
system will be one of the
first such EDP installa-
tions in the country for
centralized storage and re-
trieval of criminal infor-
mation. Initial application
will be to take over the
record-keeping of criminal
activities, storing infor-
mation, and making it im-
mediately available to au-
thorized inquiry.

FOUR MICROMINIATURE DATA
PROCESSING SYSTEMS, CON-
STRUCTED ENTIRELY OF MICRO-
ELECTRONIC CIRCUITS, AND
OPERATING ON A FRACTION OF
A WATT OF POWER, ARE BEING
BUILT BY GENERAL INSTRU-
MENT CORP., UNDER CONTRACT
FROM NASA. The processors
are for use in the 0GO-E
(Orbiting Geophysical Lab-
oratory) research satel-
lite. Two of the data pro-
cessors weigh less than 16.5
ounces each and two less
than 5 ounces. They will be
used in cosmic ray experi-
ments to collect informa-
tion on space conditions
from the satellite's sen-
sing devices and feed it, on
command signal, into a cen-
tral data system.

8

INDUSTRY NEWS

A NEWLY-DEVELOPED SYSTEM OF
BINARY GAIN CONTROL PERMITS
PETROLEUM GEOPHYSICISTS TO
RECORD SEISMIC WAVES 1IN
THEIR TRUE AMPLITUDES FOR
THE FIRST TIME IN THE HIS-
TORY OF THE INDUSTRY, ac-
cording to T. L. Slaven,
Vice President, Western Geo-
physical Division of Lit-
ton Industries. "Employing
digitally-controlled gain
levels, the system records
seismic amplitudes directly
in digital form with an ab-
solute accuracy of one tenth
of one percent," Slaven
said. "The system also makes
extensive use of monolithic
integrated circuits to re-
duce size and power consump-
tion, both important in
field operations." An ini-
tial order for several of
the new systems placed by
Western Geophysical at a
price in excess of $500,000
was announced by M. H. Hayes,
Jr., President of SDS Data
Systems of Pomona, Califor-
nia, a subsidiary of Scien-
tific Data Systems. SDS Data
Systems has named its binary
gain controlled system the
Series 1010 Geophysical
Digital Recording System.
According to Mr. Hayes, the
recording systems will ac-
cept 24 analog inputs from
seismic amplifiers, one time
break and one uphole signal,
one auxiliary analog input,
and one test signal from the
system performance ana-
lyzer. Channel scan time
may be set at one, two, or
four milliseconds. The new

approach to geophone signal
amplification employs digi-
tal logic techniques to in-
crease the gain in precision
steps as the seismic signal
declines. With 15 gain
levels, this automatic gain-
ranging amplifier adds an-
other 84 db to overall sys-
tem resolution, making 168
db in all. Furthermore,
since true amplitudes are
recorded, computer recon-
Sstruction of signal ampli-
tudes is no longer required.
For field quick-look, the
digital values of 26 chan-
nels are converted to ana-
log and applied to a re-
cording oscillograph. A
digitally controlled auto-
matic-gain-control un it
smooths the digital-to-ana-
logoutput, providing camera
traces 1in the accustomed
form.

LATIN AMERICA REPRESENTS A
POTENTIALLY LARGE MARKET
FOR CONSULTING AND TECHNI-
CAL SERVICES FOR COMPUTERS
ALREADY IN COMMERCIAL USE
— BUT NOT FOR RESEARCH AND
DEVELOPMENT OF NEW COMPUTER
SYSTEMS AND COMPONENTS. The
statement was made by Dr. R.
L. Barnoski, senior staff
member of Measurement Anal-
ysis Corporation, Los Ange-
les, Cal., and lecturer at
the First Pan-American Con-
gress of Mechanical and
Electrical Engineering re-
cently held in Mexico City.
Dr. Barnoski said that Latin
American countries are ac-
tively interested in ad-
vances in the state-of-the-
art of computer technology
and in applying that tech-
nology to commercial de-
velopment. "But, their basic
economies are in a stage of
development that makes it
unlikely +these countries
will spend money for de-
velopment of specialized
computer systems," he said.
"Emphasis will be on new
applications with existing
computer systems."
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Like to see our new

T Series modules perform?

Warm up your scope,
e’ll be right over.

Our new T Series integrated circuit logic
modules are so fast and flexible that we
can hardly blame you if you doubt the

amazing specs: Fan out of 14. Noise
rejection up to 1.8v. 18 nanosecond
gates. 40 nanosecond flip-flops.

So we’ve given our men demon-
stration kits and you can see for
yourself.

Each kit contains an assortment of module cards and has its own power supply
and timing source. You furnish the problems and the oscilloscope.

Our man may even leave the kit a few days for you to play with. Fun.

O

Scientific Data Systems

1649 Seventeenth Street, Santa Monica, California
U. S. sales offices in New York, Boston, Washing-
ton, Philadelphia, Pittsburgh, Humsvnlle Orlando,
Chicago, Houston, Dallas, Albuquerque, Denver,
Seattle, San Francxsco St. Louis, Detroit.




INDUSTRY NEWS

THE UNIVERSITY OF MICHIGAN
HAS RECEIVED A $1.3 MILLION
CONTRACT FROM A DEPARTMENT
OF DEFENSE AGENCY TO DEVELOP
A COMPUTER LANGUAGE SO MAN
CAN BETTER USE THE NEWEST
GENERATION OF COMPUTERS.
The new language will help
computer users carry out
with relative ease much more
complicated operations than
they can at present, accord-
ing to the project director,
U-M engineering Prof. Frank
H. Westervelt. Such complex
and intricate tasks range
from the study and descrip-
tion of nerve networks and
synthesizing speech to the
design of defense systems
and automobiles. Users will

be able to "draw" complex
illustrations on televi-
sion-like display tubes.

Not only will the illustra-
tion be available, but the
physical object represented
will be completely de-
scribed mathematically in-

side the computer, West-
ervelt explained. Once
described, any view of it

— inside or out, from any
desired angle, of any mag-
nification — can also be
projected. Westervelt said
the two-year award from the
Advanced Research Projects
Agency will build on the U-M
Computing Center's earlier
development of the "highly
successful MAD language."
MAD, which stands for Michi-
gan Algorithm Decoder, is an
English-1like translator of
instructions which computer
users employ to tell the
computer what to do in solv-
ing a problem. It is much
broader and more flexible
than most computer lan-
guages and permits computer
users to work on an extreme-
ly wide range of problems.
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THE AVERAGE MAN AND WIFE
WILL USE A COMPUTER AS CASU-
ALLY AS THE AUTOMATIC WASH-
ER-DRIER AND POWER TOOLS IN
THEIR BASEMENT, according
to Dr. Edward E. David, Jr.,
of Bell Telephone Labora-
tories, and Dr. Robert M.
Fano of Massachusetts In-
stitute of Technology. Un-
less they do so, according
to the two scientists, we
may not survive the increas-
ing complexity of our soci-
ety. Presenting a paper be=-
fore the recently-held Fall
Joint Computer Conference,
the two seientists 'said,
"Many years ago it must have
seemed equally inconceiva-
ble and perhaps sacrilegi-
ous to allow the average
housewife to turn on power-
ful motors and operate com-
plex machines, and we would
have winced at the thought
of allowing teenagers to
monopolize such a priceless
creation of human inven-
tiveness as the telephone.
We are now at that stage with
computers. Technical means
are now available for bring-
ing computing and informa-
tion service within easy
reach of the public."

THE CONTROL SYSTEM FOR THE
WORLD'S LARGEST STEAM-ELEC-
TRIC GENERATING UNIT, RE-
CENTLY ORDERED BY THE TEN-
NESSEE VALLEY AUTHORITY,
WILL BE SUPPLIED BY BAILEY
METER COMPANY, WICKLIFFE,
OHIO. Bailey has been
awarded the contract in ex-
cess of $1,000,000 for the
automatic control systems
for the 1150 megawatt unit
that. will go .on line: ‘in
1969. TVA's generating fa-
cility will be controlled
through an integrated boil-
er-turbine-generator con-
trol system that will
include a Bailey 760 Solid-
State Digital Control Sys-
tem for cyclone burner man-
agement and a Bailey 721
Solid-State Analog System
for combustion control.

EASTERN AIRLINES AND IBM
CORP. HAVE TEAMED UP TO DE-
VELOP A NEW, INTEGRATED CIR-
CUIT, DIGITAL AIRBORNE DATA
PROCESSING AND RECORDING
SYSTEM. Phase I of the pro-
gram is already aloft — a
digital "record only" sys-
tem in operational testing
aboard an Eastern Boeing
727 . Whisperjet, Later, a
miniature computer in the
aircraft will provide real-
time data reduction in
flight. Design goal is to
provide a digital computer
system, packaged in a %-ATR
box and weighing about 40
pounds excluding recorder
and display units, that is
capable of monitoring about
300 key airframe, engine,
and sub-systems parameters.

TALKING COMPUTERS HAVE BE-
GUN GIVING LONG-DISTANCE
TELEPHONE OPERATORS SPLIT-
SECOND INFORMATION ON THE
COST OF CALLING ANY OF THE
MORE THAN 30,000 POSSIBLE
TOLL CENTERS IN THE UNITED
STATES AND CANADA. A matched
pair of Honeywell 200 com-
puters, installed at the
Northwestern Bell Telephone
Company, will make it pos-
sible for the telephone com-
pany to give its customers
much faster service in de-
termining charges on inter-
city calls. The new com-
puterized toll rating system
— to be used by long-dis-
tance operators in Iowa,
Minnesota, Nebraska, North
Dakota, and South Dakota —
is designed primarily to
calculate rates on the thou-
sands of long-distance calls
made each day from public
telephones, motels, and ho-
tels. It 1is expected to
handle as many as 5,000 re-
quests an hour from opera-
tors throughout the five-
state region. The computer,
whose "voice" 1is recorded
on a small magnetic drum,
"talks" by picking from the
drum the words it needs to
tell operators how much a
call costs.
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DATA
COMMUNICATIONS

equipment for on-line,
real-time processing

there are keyboards...and there are keyboards

Data communications vary, requiring
a variety of different keys and even
different keyboards. This is why there
are Teletype sets available with 3-row
keyboards, 4-row keyboards, and
numeric keyboards, having a variety
of special purpose keys.

The 3-row keyboard operates on the
5-level Baudot code. The new 4-row
keyboard is similar to the standard
office typewriter, and operates on an
8-level code that's compatible with
the American Standard Code for In-
formation Interchange. It can com-
municate directly with computers and
other business machines in data pro-
cessing systems. The numeric key-
board consists of 25 keys that are used
primarily to speed transmission of
coded numeric data such as used to
control inventory and delivery in ware-
houses, supermarkets, etc. Though
this Teletype setcansendonly numeric
data, it is capable of receiving and
printing all alphanumeric characters.

WHAT ARE THE “'KEY"
DIFFERENCES?

There are many different special pur-
pose keys on Teletype keyboards. The
most commonly used are the function
or non-printing keys. On the 3-row
keyboard, depressing the LTRS key
transmits the letter characters shown
on the lower keytops while depressing
the FIGS key transmits the figure char-
acters on the upper keytops.

© 0 000 © 0
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NUMERIC KEYBOARD

On the 4-row keyboard, both the |etters
and figures are shown on the lower
part of the keytops. Thus, the SHIFT
key enables the code combinations to
be generated for the printing char-
acters shown on the upper keytops,
such-as “&" and "%’ A'CONTROL
key is used to generate the code com-
bination for the function characters
shown on the upper keytops, such as
“WRU" (who are you?) and “EOT"
(end of transmission).

ERROR DETECTION AID

The 4-row keyboard can generate an
“even parity” which is used to aid in
error detection. Even parity provides
for adding a marking pulse whenever
the number of marking pulses in a
code combination is odd. Thus, if a
code having an odd number of mark-
ing pulses is received, it indicates an
error. The eighth level is used for
providing even parity.

machines that make data move
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On friction feed typing units, depress-
ing the LINE FEED key causes the
paper to advance one line. Sprocket-
feed typing units are equipped with
both LINE FEED and FORM-OUT keys
that cause the platen to advance a
printed business form either one line

or a sufficient distance to bring the

next form to the starting position.

SELF-CONTAINED KEYBOARDS
Self-contained 4-row keyboards are
available to provide direct-parallel-
wire entry of variable data into com-
puters and business machines,

s

ALPHANUMERIC KEYBOARD

The versatility of Teletype keyboards
is another reason why they are made
for the Bell System and others who
demand reliable communications at
the lowest possible cost. If you wish
further information on Teletype equip-
ment write: Teletype Corporation,
Dept. 71B, 5555 Touhy Avenue, Skokie,
[llinois 60078.
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The creative systems designer
and the Bryant PhD-340
were made for each other.

He finds himself with unlimited programming possibilities and
a chance to plow new fields in advanced computer applications. The

PhD-340 multiple channel drum has simultaneous random read-write
access to 42 million bytes. Up to four computer channels provide

programming flexibility, redundancy, and the ability to serve
multiple processors at the same time. The PhD-340 can be
plugged into any make of computer, big or small. What
couldn't be done with other random storage devices

can now be done with

the PhD-340,

inexpensively.

Just imagine!

Then send us a

nice long letter to
850 Ladd Rd,

Walled Lake, Michigan.

BRYANT
COMPUTER PRODUCTS

T
XLC

EX-CELL-O CORPORATION

CIRCLE NO. 8 ON INQUIRY CARD
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DATA
COMMUNICATIONS

equipment for on-line,
real-time processing

there’s more than that to a page printer!

Is most of your data coded in numbers?
Need a page printer that will print in
2-colors? Neither is difficult in data
communications, because Teletype
page printers offer a wide variety of
print-out capabilities.

The Teletype numeric keyboard has
keys similar to an office adding ma-
chine to provide fast, efficient collec-
tion, integration, and transmission of
numerically coded data. It can be used
by branches to record and transmit
numeric data to processing or distri-
bution centers to simplify ordering
and inventory control, as well as speed
shipping. Though this Teletype set
transmits numeric data only, it will
receive and print-out all alphanumeric
characters.

TWO-COLOR PRINTING

There are many applications of 2-
color printing, including tie-ins with
business machines. Accounting and
statistical departments can use Tele-
type machines to transmit data in 2-
colors to the home office or a central-
ized data processing center. For in-
stance, the red can be used to indicate

machines that make data move

HORIZONTAL TABULATOR

“loss" figures and the black to indi-
cate “'profit” figures. Page printers
can also be used to report plantopera-
tions, using black for normal condi-
tions and red for abnormal conditions.

AIDS TO DATA
COMMUNICATIONS

There are many additional Teletype
page printer features that further im-
prove your data communications ca-
pabilities. These include: vertical and
horizontal tabulators; a variety of type
styles and sizes; and sprocket feed
platens that enable you to type on
multicopy business forms.

There are also a variety of platen
widthstoaccommodate most standard
size forms. Another important feature
is the automatic forms feed-out. With
one key stroke, you can advance a
business form, bringing the next one
to the starting position automatically.

KEEPS MANAGEMENT
UP-TO-DATE

The capabilities of Teletype page
printers have found wide application
in both business and industry. For

CIRCLE NO. 9 ON INQUIRY CARD

example, a large aircraft plant uses
nearly 50 Teletype Model 35 page
printers throughout the plant to report
production information to two real-
time computers. In this way, manage-
ment is provided with instant informa-
tion on the status of plant operations.
This system has helped management
to tighten control over in-plant func-
tions, shorten production time, and
reduce overall manufacturing costs.

And there's more to Teletype equip-
ment than just page printing—such as
automatic and keyboard send-receive
sets, and a variety of paper tape
punches and readers to name only a

SPROCKET FEED PLATEN

few. That's why these Teletype ma-
chines are made for the Bell System
and others who need dependable com-
munications at the lowest possible
cost. A brochure on the applications
of Teletype equipment is available by
writing: Teletype Corporation, Dept.
71B, 5555 Touhy Avenue, Skokie,
[llinois 60078.
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Does your present custom
power supply give you...

70% to 90% Instant fault repair Add-on power capa- Ability to handle full
efficiency? by plug-in module bility by using more load steps while
replacement? modules? maintaining out put
inregulation
band?
2 4 P 7

New Omnimod does!

OMNIMOD gives you all these features—and
more—and at a lower price! Want to know more?

OMNIMOD is a dc to dc converter using tran-
sistors in a CONSTANT PULSE WIDTH, variable
repetition rate switching mode to regulate out-
put voltage or current. Two small plug-in units
make-up the OMNIMOD concept—a power con-
trol module and a control amplifier.

Output can be regulated between =+ 2 and -+ 60 dc at
up to 20 amperes using the OMNIMOD family of mod-
ules WITHOUT MODIFICATION OR ADJUSTMENT.
Higher current ratings are obtained by paralleling power
control modules.
Any number of power controller modules can be con-
trolled by one amplifier. OMNIMOD has a current lim-
iting parameter, over voltage protection, voltage se-
quencing, and remote sensing.
To design a custom power supply, one must simply

1. design one input power converter to change un-
regulated line ac power to unregulated dc power

2. select the number of plug-in OMNIMOD power
control modules to supply the power needed for each
output

3. package these elements with filter capacitors and
a plug-in amplifier module for each output
All the power used by every element in a typical data
processing system could be supplied by custom power
supplies constructed with interchangeable OMNIMOD
modules.
Isn’t this enough to consider OMNIMOD for your cus-
tom requirement? We will design an OMNIMOD cus-
tom power supply to your specs, or will help you design
your own system using our plug-in OMNIMOD modules.

~ Write for the complete story. We'll have
Omnimod control amplifier. it to you within 48 hours.

77~ CONTEMPORARY
( (ELECTRONICS

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY

128 North Jackson, Hopkins, Minn. 55343 Telephone 935-8481—Area Code 612
CIRCLE NO. 10 ON INQUIRY CARD
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how modular can you get?

Teletype machines are modular by
design, as are all the special purpose
control and operating functions. As a
result, Teletype equipment provides
many more opportunities for you to
improve on your capability to com-
municate data. This is also why Tele-
type sets are the best equipped to
prepare data for transmission, as well
as to transmit and receive it.

FRICTION OR SPROCKET FEED?

Teletype sets can be equipped with
either a friction feed platen that prints
on single or multiple copy paper, or a
sprocket feed platen that positions
multi-copy business forms for print-
ing. Projecting pins engage perfora-
tions in the business form to provide
for continuous, accurate multi-copy
alignment.

Also, horizontal and vertical tabula-
tors can be provided on Teletype
Model 35 equipment to speed typing
and improve efficiency. Teletype sets
can be equipped with a form-out fea-
ture that with one key stroke will ad-
vance a business form, bringing the
next one to the starting position.

machines that make data move

NON-PRINTING FUNCTIONS

The stunt box can control many non-
printing functions that add to the
versatility of Teletype sets. Among
these functions are carriage return
and line feed, plus the ability to acti-
vate other apparatus including paper
tape punches, paper tape readers,
and business machines.

g

STUNT BOX

OTHER CONTROL FUNCTIONS

Control circuits for operating auxiliary
input and output devices can be uti-
lized, such as on the Teletype Model
35 ACS (Automated Communications
Set). This is basically an automatic
send-receive set with an additional
tape reader for internal programing
capabilities.

The auxiliary devices include: push
button addresser that automatically
calls in a preselected remote receiver,
a push button generator that auto-
matically types in repetitive stored
data to further simplify the filling-out
of business forms, and an auxiliary
page printer and tape punch.

CIRCLE NO. 11 ON INQUIRY CARD

DATA

COMMUNICATIONS

equipment for on-line,
real-time processing

ADDITIONAL TIMESAVERS

To further aid the operator in prepar-
ing business forms, Teletype ma-
chines are equipped with a copy-
holder to hold papers for easy, con-
venient reading and handling. Also,
there is a form supply box for storing
unused and completed business
forms.

We have indicated only a few of the
features that are or can be incorpo-
rated into Teletype sets. This versa-
tility is one of the reasons why they
are made for the Bell System and
others who require dependable com-
munications at the lowest possible
cost. The new Model 35 ACS is de-
scribed in an 8-page brochure, which
you can obtain by writing: Teletype
Corporation, Dept. 71B, 5565 Touhy
Avenue, Skokie, lllinois 60078.

R G SR - e

MODEL 35 AUTOMATED COMMUNICATIONS
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Magnetic-Shift-Register Circuit
Controls Step Motor Operation

NASA TECH BRIEF

A SUMMARY OF A SPECIFIC TECHNICAL INNOVATION
DERIVED FROM THE SPACE PROGRAM. ISSUED BY

THE TECHNOLOGY UTILIZATION DIVISION OF NASA.

o

)
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THE PROBLEM

To design a controller to perform the signal condi-
tioning required for bidirectional operation of «
phase-pulsed step motor. Previous solid-state de-
signs have the disadvantages of appreciable power
drain in the standby mode plus susceptibility to
switching tramsient interference due to their regen-
erative characteristic.

THE SOLUTION

A single line magnetic-shift-register circuit that
draws no power in standby and is nonregenerative
and therefore insensitive to switching transients.
Separate input terminals make it possible to drive
the step motor either forward or backward.

HOW IT'S DONE

Drive pulses are applied at V, for forward operation
and at V, for reverse operation. Transistors Q; and
Q. perform switching functions for “storage” selec-
tion. The square-loop magnetic core memory ele-
ments T,, T, and T; hold the pulse data until oper-
ation of the single shift line through Q; shifts the
data to the temporary storage elements R; C,, R, C,
and R; C;. Output pulses are taken from terminals
W,, W,, and W, through transistors Q., Qs and Qs,
respectively.

16
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Wi Wa w3

For forward operation, the input pulse is applied
directly to C; and an output pulse is produced at
W,. Subsequent pulses shift the pulse data from
T, and T, to produce output pulses first at W, end
then at W;. Feedback through inhibit transistor Q;
prevents pulses from appearing at W, during this
interval. For reverse operation, the input pulse is
applied directly to C; and stored in T; and T,. Feed-
back in this mode is through inhibit transistor Q..

NOTES

1. This design can accommodate any number of
stages.

2. This invention should have wide application in
step motor drive systems.

3. Inquiries concerning this invention may be di-
rected to: Technology Utilization Officer, Goddard
Space Flight Center, Greenbelt, Marylond, 20771,
Reference: B65-10226.

PATENT STATUS

NASA encourages the immediate commercial use
of this invention. Inquiries about obtaining rights
for its commercial use may be made to NASA, Code
AGP, Washington, D.C., 20546. END
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This is a MULTIVERTER. An
iIntegrated circuit Multiplexer,
Sample and Hold Amplifier and
Analog-to-Digital Converter in
a single chassis. You can buy
one from Raytheon Computer
and nowhere else.

RAYTHEON J




517687 LCMULTIPLEXER SWITCH @

& FAYTHEON COMPUTER
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Complete Front-End System in Single 514" Drawer
e Multiplexer
e Sample and Hold Amplifier
e A/D Converter
e Power Supplies

Integrated Circuit Multiplexer with 96-channel capacity
e Plug-in expandability in 8-channel increments
e Circuits packaged 16 channels/circuit card

High Input Impedance
e 100 megohms for selected channel
e 1000 megohms for unselected channels

High Performance — Total System to within 0.029,
e Linearity within 0.019, *= LSB
e Drift, 0.019 typical

High System Throughput Rates
e 51KC at 12 bits
e 28KC at 15 bits

MULTIVERTER

FEATURES

High Performance Sample and Hold Amplifier
e Aperture time less than 50 nanoseconds
e Settling time (0.019,) less than 4.0
microseconds for full scale input

Temperature Stability within 10 ppm/°C
* Five proportional controlled ovens
¢ Reference Oven Stability — +0.1°C

Built-in Systems Timing and Control
e Single pulse operation for timing
e Sample and Hold internally controlled
e All sub-system interconnections made internally

Four Standard Operating Modes
e Sequential
¢ Random Address
¢ Digitize Only
e Manual

System Isolation
e Transformer Coupling
* |solated Transistor Junctions
¢ Reversed Biased Diodes

Low Cost— Approximately 309, less than
conventional equipment

Technical representatives and company sales offices:

520.719

Alabama, Fact-Tronics
Computer,
Arizona, Barr
California, H

Fairview

¢ Colorado,

Connecticut,
$ Florida,
69; Georgia, Fact-1
; Winois, Pivan

AT 8-9;

ronic

ng

Engine
lowa, Pivan
Maryland, G
Massachusetts

White &

5-3141;

New York, DB Associates

(505) 265

Ml 3-211 eon Lomy
Washington, The Thorsor
0GO; Washington, D
g Avenue, Alexar

eler Ave

Detroit, (313) 892-250

New Mexico, [arr
/766, North Carolina,
}) 725-361 Ohio,
5616; WKM A
Pennsylvania, |
y: WKM A

Texas, Cars

G. Whiite & Co

e

RAYTHEON COMPUTER, 2700 SOUTH FAIRVIEW STREET, SANTA ANA. CALIFORNIA 92704




A GENERAL ALGORITHM FOR FINDING

THE ROOTS OF NUMBERS

John J. Sciarra*

An algorithm for finding the root of
a number A can be developed from
Newton’s Method, which is discussed
in all basic calculus texts. To illus-
trate the method, let us assume that
it is desired to find the square root
of a number A, and that x; is a first
approximation to the root. Then a
chosen approximation x, can be
found by use of the relationship:

A
s
Xn+1:—2—“

Repeated applications of this equa-
tion allows the root to be found to
any desired accuracy.

For example, let A = 30 and x; =
5, then:

g S i,
55 + o5
g L S bt

Even if x, is not a good approxi-
mation to \/A,_note that x, rapidly
approaches \/A; let A = 30 and

x; = 1; then:

30
SAIB
Xy = 5 =155
30
15.5 + 155
X3 = By — = 8.72
30
8.72 + 8772
Xy = *’27'— = 6.08
30
6.08 + 6.08
X5 — 4-—2— = 5.51
30
551 + 551
Xg = 72 — = 5.47

To find any root of a number,
note that if

x® —A=0={f(x),

@=== CIRCLE NO. 12 ON INQUIRY CARD

*When this article was written, Mr. Sciarra was a com-
puter engineer at the Steam Division of Westinghouse
Electric Corp. He is now employed at the Vertol Division
of Boeing Aircraft Co.

then x is the m*" root of “A”. New- Pk L £(%z) 3
ton’s method states that if x; is a R R T i
first approximation tq a 1'90t (?f fgx) 4 R R Xy A
then a second approximation is given T RS T AT
€ mx, m mxy
by x; + Ax, where:
A

(m 5 1)Xn S ﬁ
Pix) " s m

When m = 2, this reduces to the
square root formula.

Therefore the iterative equation for
finding the m'™ root is:

ELIMINATES
THE
MIDDLEMAN!

AN INCREMENTAL RECORDER
FOR ONLY

$3750°°

| COMPLETE, READY TO OPERATE
Build it in (Rack Mount)
or carry it (Portable)

DIGI-
DATA'S

"W'Ml STEPPING REOORDER

GENERATES FULLY GUMPATIBLE IBM TAPE AUTOMATIGALLY'

® Choice of 200 or optional 556 bits per inch ® Standard IBM type 101," reels, 15" tape
m 7 track standard spacing m 34" inter record gap with longitudinal check character
®m |ateral parity selectabhle—odd or even ® For additional information, phone or write

DD‘ DIGITAL STEPPING RECORDERS

DIGITAL DATA HANDLING EQUIPMENT

DIGI-DATA CORPORATION
Main Office: 4315 Baltimore Ave. «  Bladensburg, Md. 20710 -  (301) 277-9378
Western Regional Office: 4341 W. Commonwealth Ave. « Fullerton, Cal. 92633 « (213) 941-3182

END
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This entirely new approach to modularization is the AMPMODU* Interconnection
System. It permits almost unlimited design flexibility, high production speed, and
economies resulting from automation and low per line cost.

Specifically designed for modular applications using printed circuit boards, it

enables mounting module cards at 90° to a mother board, stacking them, or

putting them end to end. The female contacts may be staked directly to a printed

GO mOdUIar circuit board or enclosed in molded housings. Male contacts may be staked
directly to a printed circuit board, used in nylon incremental connectors, or

mounted with nylon bushings in aluminum grid plates. Two sizes of contacts are

the easy way available: the standard size, which uses .031 x .062"” posts for mounting on .156"
centers, and the miniature size, which uses .025 x .025"” posts for mounting as

dense as .100"”. Electrical and mechanical efficiency are enhanced by the simplic-

ity of the female contact design, which includes dual cantilever-beam springs for

redundant contact action and anti-overstress devices to ensure reliability. The

long life of the phosphor bronze contacts is a result of AMP’s special gold plating.

New modular ideas don't have to dead-end at the design stage. For information
on how you might use the AMPMODU Interconnection System to modularize your
product and lower your costs, write us today.
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Automatic machines can stake contacts to
printed circuit boards at rates of up to
1800 an hour

Miniature AMPMODU contacts may be
mounted ten to the inch

The AMPMODU female contacts may be
mounted in one of three ways for modular
connection versatility

A. AMPMODU Male Incremental
Connectors

B. Miniature AMPMODU Female
Contacts in strip form

C. Standard AMPMODU Female
Contacts in strip form

D. Miniature contacts in two-row
housings

E. Grid Plate Header

F. Horizontally staked AMPMODU
Contacts with incremental

connectors

G. Vertically staked AMPMODU Contacts
H. Flexible tape cable AMPMODU
Connectors

I. Molded-in AMPMODU Pin

Header and printed circuit board
connector

J. Miniature Crimp-Barrel

AMPMODU Female Contacts

K. Individual Standard AMPMODU INCORPOR ATE D
Female Contacts Harrisburg, Pennsylvania




R&D REPORTS

EXPERIMENTAL PCM SYSTEM TRANSMITS
224 MILLION BITS PER SECOND

An experimental pulse code modu-
lation system that transmits 224 mil-
lion bits per second over coaxial
cable has been developed at Bell
Telephone Laboratories. The sys-
tem converts television, voice, and
data signals into a stream of digital
pulses capable of being transmitted
over transcontinental distances. Sig-
nals can be taken from the digital
stream and new signals can be added
as desired along the route.

Designed to handle various com-
binations of signals, the experimental
system can handle the transmission
of 144 T1 signals, equivalent to
3456 voice channels. (T1 is the Bell
System’s commercial pulse code mod-
ulation system, which has a capacity
of 24 voice channels on a 1.5 mil-
lion-bit-per-second pulse stream.)
Alternately, 36 T1 line signals, one
television signal, and a ‘“master-
group” signal, comprising 600 fre-
quency multiplexed voice channels,
may be simultaneously transmitted
on the 224-million-bit-per-second
line.

The system’s transmitting terminal
includes:

® A television coder and auxiliary
circuitry that convert samples of
analog signal, taken at more than
12 million times per second, into
a 111 million-bit-per-second pulse
stream.

® A mastergroup coder and aux-
iliary circuitry that produce a 55 mil-
lion-bit-per-second pulse stream.

e Multiplexing equipment for
combining these signals with two T1
signals and the output of a random
pulse generator (simulating high-
speed data). The multiplexer also
inserts control bits in the high-speed
pulse stream. A novel solid-state en-
coder and a beam encoding vacuum
tube are used interchangeably to
code television and mastergroup sig-
nals. Both encode the signals to a
nine-bit precision.

20

LABORATORY
HIGH SPEED PCM SYSTEM

SIGNAL
PROCESSING
CODER

MEGABITS

MEGABITS

(T1) 1.5
MEGABITS

24
VOICE
CHANNELS

WIDEBAND _ (T1) 1.5
MEGABITS

52
SIGNALS MEGABITS

REPEATERS

PROCESSING
DECODER
Il TV
MEGABITS
DECODER

600

MEGABITS

24
1.5 (T1) VOICE
MEGABITS CHANNELS

1.5 (71! WIDEBAND
MEGABITS DATA

52 OTHER _
MEGABITS SIGNALS

Block diagram illustrates Bell Telephone Laboratories’ experimental high speed
pulse code modulation system designed to transmit 224 million bits of information
a second over coaxial cable. It can transmit simultaneously voice, television, and
data. This diagram shows some of the combinations of these signals possible.

Pulse Stuffing

A new method of synchronization,
called “pulse stuffing,” is used to
avoid the necessity of locking the bit
rate of the lower speed signals to
that of the high speed line. Further-
more, this technique makes it pos-
sible to drop and add information
readily along the route. In this
technique, pulses from each coder
(or from lower speed digital lines)
are written into a small digital store
and then read out at a slightly faster
rate, which is an exact submultiple
of the line rate of the high speed
system. Each time the store is about
to be exhausted, an extra pulse hav-
g no information-carrying value is
generated and “stuffed” into the
stream transmitted on the line. This
produces a pause in the read-out
from the store and allows it to refill.
Thus, input sources whose rates
differ by small amounts are syn-
chronized to the bit rate of the high
speed line. At the receiving termi-
nal, the pulses are demultiplexed
and each signal is written into its

receiving digital store and read out
at the original rate which that sig-
nal had. This is possible because the
transmitting terminal sends control
signals to the receiver to inhibit the
writing of stuffed pulses into the re-
ceiving store.

Pulses leaving the multiplexer are
converted to a special three-level
code called paired-selected ternary
(PST). This code is chosen to fa-
cilitate timing in the reconstructive
repeaters regularly spaced through-
out the cable and to eliminate ener-
gy at dc, enabling transformer cou-
pling of the repeater to the cable
and allowing repeater powering at
dc. The code also provides a means
of monitoring the line pulse error
rate. Three of these repeaters are
included in the experimental sys-
tem. These transistorized repeaters
regenerate and retime the pulses af-
ter they have been spread out in
time over some hundred time slots
and attenuated to one-thousandth
of the transmitted level during trans-
mission over the cables. The system
includes circuitry for simulating the
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timing jitter introduced by 4000
miles of line.

The receiving terminal includes
equipment for reducing the jitter to
tolerable proportions. The jittered
pulse train is written into a digital
store and read out at a smoothed
rate, controlled by an oscillator
locked to the line rate. The re-
ceiving terminal also contains de-
multiplexing equipment and the de-
coders which reconstruct the original
analog signals.

The performance of this experi-
mental system indicates that even
higher line rates are possible. The
digital transmission techniques
demonstrated in the experimental
system appear ideally suited for ap-
plication to waveguide or optical
transmission media. END

VALUE ENGINEERING
APPLIED TO HIGH-SPEED
PAGE PRINTER

New chain printer is said to repre-
sent a radically new approach to
the design of high-speed electronic
printing. The new HSP 3502 print-
er requires only 200 different elec-
trical and mechanical parts while
competitive high speed printers are
said to contain more than a thou-
sand parts. According to the com-
pany, a revolutionary chain system
and the use of integrated circuits
make the new printer substantially
lower in cost than competitive
printers of equal performance. The
new printer is capable of printing
at speeds up to 600 lines per minute.
Up to 192 different characters in up
to 128 columns may be utilized. An
exclusive automatic paper feed sys-
tem is said to provide clear, sharp
definition, precise vertical registra-
tion, and immediate visibility of the
last line printed. Internal or ex-
ternal paper advance is automatic.
The printer can be interfaced off-
line with a magnetic tape transport
for use as on off-line print station.
Potter Instrument Co. Inc., Plain-
view, N. Y.

Circle No. 180 on Inquiry Card

Ramsey Model MAH-102
Multi-aperture Handler

two-hole memory tores
are no tougher to test
than one-hole tores

Taking advantage of the non-destructive readout feature of two-
hole cores used to be a problem. They were too tough and too
expensive to handle and test. The lack of an automatic high speed
core handler that could precisely orient and probe the different
size holes necessitated manual testing on a sampling basis to keep
costs down. It also kept reliability down. To make matters worse,
the two-hole core required a more complex test program than the
conventional one-hole ferrite. This meant applying limited tests in
a number of successive passes through the test system. Again,
time consuming and expensive. The Ramsey MAH-102 Handler
and the Computer Test Model C-301 Automatic Memory Core
Tester, however, have changed all that. Now, every two-hole core
can be comprehensively and economically tested for 100% reli-
ability at rates up to 12,000 cores per hour. We will be happy to
give you details on how the system works.

B

COMPUTER TEST CORPORATION

CHERRY HILL, NEW JERSEY
CIRCLE NO. 15 ON INQUIRY CARD
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AN EXPERIMENTAL 16-BIT
MONOLITHIC MEMORY ARRAY CHIP

For use as a unit building block to
structure an experimental three-di-
mensional, high-speed, scratch-pad
memory, IBM Corp. has fabricated
a 70 x 70 mil chip containing a
4 x 4 array of 16 storage cells. The
complete array has 80 transistors,
64 resistors, and four clamp diodes.
Planar NPN diffused structures with
junction  isolation  were  used
throughout. The individual 14.5 x
12 mil monolithic cells are designed
with aluminum interconnection pat-
terns with P-type junction isolation.

The common resistor bed (N +
epitaxially grown silicon) is tied to
the most positive voltage (1.5v) to
minimize parasitic junction capaci-
tance and to insure a reversed bi-
ased condition for the boron dif-
fused resistors. Isolation between
devices is obtained by connecting
the “P” isolation regions to ground
— the most negative dc potential
available. The transistors are each
10 x 10°® square inches. Align-
ment tolerances are 0.0002 inches
over the array.

Aluminum interconnections are
0.0003 inches wide and separated
by a similar spacing. The circuits
use a single-level, fixed-pattern inter-
connection scheme on thermally
grown oxide. One underpass resis-
tor on each cell is used for topolog-
ical relief of the signal distribution
system.

With these monolithic circuits, an
integrated circuit memory can op-
erate with the same logic levels and
speed as the arithmetic and control
sections of a computer. Driving and
sense circuitry is built inherently
into the integrated circuits.

Each of the 16 circuits contained
in a single silicon chip contains a
storage cell which performs the
function of a ferrite core, an interro-
gation network which provides the
read-write memory functions, and a
selector network which directs the
interrogation pulses.

22

R&D REPORTS

Monolithic memory chips are fabricated on silicon wafers, eight-thousandths-of-an-
inch thick. The spider-like designs interspersed throughout the wafer are test areas
which enable IBM to test the chips for various electrical parameters while they are

being fabricated.

A fast, economical batch process-
ing technique was used in fabricat-
ing the circuits. The chips are
made — 250 at a time — in a
silicon wafer only an inch-and-a-
quarter in diameter and eight mils
thick. The surface of each mono-
lithic chip is protected by a layer of
glass, 60-millionths-of-an-inch thick.
The glass is deposited by RF sput-
tering. Terminal contacts on the
chip are provided by lead pads, 4.5
mils in diameter, around the pe-
rimeter of the chip. These pads

allow chips to be turned over and
contacted to a ceramic substrate
for full compatibility with the IBM
Solid Logic Technology circuits
used in System/360.

Details of the memory chips were
described at an IEEE Professional
Group for Electronic Devices meet-
ing in Washington, D.C. At this
meeting, Dr. Benjamin Agusta pre-
sented a paper entitled “Sixteen-
Bit Monolithic Memory Array Chip,”
co-authored by Dr. Paul Bardell and

Paul P. Castrucci. END
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Bell System Data-Phone service clears blizzards

of bits for Standard Qil of Ohio

Bell System Dataspeed* data communications service
at SOHIO’S Cleveland headquarters use regular
telephone lines to transmit some 14,000 heating oil
orders a day to 16 truck terminals in Ohio.

During the peak cold weather season, nearly
one billion bits of data a month are interchanged
between Cleveland and the terminals.

At the terminals, teletypewriter machines print out
delivery tickets from the tape. The tickets

give the drivers complete information,

even telling them how to locate fill pipes.

After delivery, the exact amount of oil received by the
customer is stamped on the tickets. A punched tape

of the day’s deliveries is made and this tape is fed
into the terminal’s Dataspeed unit. The data is

automatically sent back to Cleveland, where computers
process the information for billing and inventory control.

SOHIO installed its data system primarily to
improve profit margins on heating oil sales.

The system achieved this goal as it centralized
operations, reduced paperwork, speeded cash flow
and improved customer service.

Consider the advantages of Bell System Data-Phone*

service for your data system. One of our

Communications Consultants will be happy to

go over them with you in detail. Just call your

Bell Telephone Business Office and ask for his services.
xService mark of the Bell System

Bell System

American Telephone & Telegraph and Associated Companies
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LAMINAR BUS BAR ASSEMBLIES

For power distribution in digital systems

Here’s one viewpoint favoring the bus bar approach.

Paul L. Anderson, Product Mgr.,
Rogers Corp., Rogers, Conn.

Energy input and distribution and
signal output can still be sources of
problems even though the design of
electronic equipment has advanced
to such a sophisticated stage. To
meet power distribution problems,
more and more designers are look-
ing toward the bus bar approach.
The first bus bar assembly was de-
signed in 1959 as part of a modular
component system to reduce the size
the few vyears
that have passed, the laminar bus

of computers. In

has changed from an empirically-
designed  collection of conductors
and insulators to a carefully engi-
neered assembly.

Bus assemblies deserve considera-
tion as a power distribution system
in most cases where it is desirable
to take off various voltage levels at
different locations from a single dis-
tribution source. Major areas of ap-
plication appear to be in EDP equip-

bus bars or wire harnesses?

Fig. 1 Comparison of 10-layer bus as-
sembly with equivalent wire harness.

ment and its peripheral units, and
in communications systems (also rap-
idly becoming computer-oriented).

Bus bars offer many obvious ad-
vantages

over spaghetti circuits.

Physically, they require less space,

they are more easily installed, they
simplify trouble-shooting, and they
are lichtweight. Of prime impor-
tance, however, is the fact that the
bus bar can be engineered to provide
electrical characteristics, such as low

TABLE |

ELECTRICAL CHARACTERISTICS OF BUS BAR INSULATION

***\olts per mil.

*Pico Farads per square inch at one megacycle
**Ohm-cm. per ASTM D-257-58 at 25°C.

Material Avg. Thickness Avg. Cap.* Vol. Res.** Dielectric Str.***
Duroid 8111 .0005” 1610 18 = 1@ 1000
Duroid 8121 .00125” 1340 Lo 018 4000
Duroid 8111 .00075” 1000 152 10 1000
Duroid 8122 00225 800 45 10H 4000
Duroid 8111 00125 580 LA a1.003 1000
Duroid 8111 .00225” 311 1. X 108 1000
Duroid 2370 10057 210 3% Tos 1000
Duroid 2380 .007” 141 3 X 1o 1000
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——— > BAR WIDTH

L- (sasama) NANO HENRIES /FT LG.
C-(——) PIcO FARADS /FT LG
Z o (mwwem) OHMS /FT LG.

Fig. 2 Variations in electrical charac-
teristics with change in bus bar width.

inductance, low characteristic imped-
ance, and high capacitance. While
there is no “typical” laminar bus,
since each should be designed to
meet its particular need, certain
basic principles have evolved.

Because the normally-used power
supplies cannot filter out high fre-
quency voltage variations, the power
distribution system is designed for
highest capacitance, in order to
achieve a minimum AC ripple. This
is accomplished by careful selection
of the electrical insulation employed,
with particular emphasis on the di-
electric constant, the thickness, and
the dielectric strength.

To eliminate cross-talk, and thus
increase sensitivity and reduce power
requirements, the bus is engineered
for high capacitance and low induc-
tance. This is accomplished through
the use of flat conductors assembled
so that a ground plane is provided on
either side of the voltage conductor.
This construction provides a low im-
pedance path to ground for induced
AC currents and thus assures a mini-
mum amount of electrical noise
throughout the system.

By designing the bus assembly
for an extremely low characteristic
impedance, the power requirements
are reduced Standing waves are
eliminated and maximum power is
made available.

An examination of an actual
laminar bus assembly presently in
use for computer applications will

NOW...MEPCO IS
MASS-PRODUCING

FILM HYBRID
MICROCIRCUITS

New unique production techniques, devel-
oped by Mepco, have resulted in a major
break-through in mass-producing Thick and
Thin Film Hybrid Microcircuits. Consider
these exceptional product features . ..

Reduce your existing logic to
micro-packaging.

Applicable to linear or digital circuits.
Switching time of 10 nanoseconds.

Clock rates of 10 megacycles are available.

Tracking temperature coefficient
characteristics of 10 PPM for a typical
resistance ratio of 3 to 1.

Shorter preparatory time for prototypes
and initial production.

Surprisingly low costs . . .

For full details write or call today
for TFMC Data Sheet.

MEPCO, INC.

# COLUMBIA ROAD, MORRISTOWN, NEW JERSEY
07960 (201) 539-2000

MANUFACTURERS OF PRECISION
ELECTRONIC DEVICES
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BALDVWIN.

ANNOUNCES ANOTHER NEW ADDITION
TO ITS GROWING FAMILY OF PHOTO-
ELECTRIC SHAFT POSITION ENCODERS

NATURAL BINARY, SERIAL OUTPUTS

The Serial Translator is a plug-in unit for the standard
200-Series Encoder accepting an 11 or 12-bit parallel
word at the input and converting it to a serial natural
binary word which can be transmitted over one line.

The binary bits are 10 microseconds wide and 10 micro-
seconds apart. The amplitude of the pulses is 4.5V open
circuit, 2.3V into a 50 ohm load. Outputs can be in either
polarity. The serial output is especially desirable for long
cable runs, telemetering links, etc.

Interrogation for the serial translator can be furnished
by a free-running or externally driven clock. The word
rate of the free-running clock is set at a nominal 1
K.C. (1000 word/sec.). The maximum word rate for the
externally driven clock is 4 K.C. (4000 word/sec.).

The encoder and translator combination is 2.6” dia.
and 5%" long. Clock housing is 2-5/6" x 5%" x 4%" .

Model 222 Encoder (I1-bit) . $450.00
Serial translator 5 4 - $248.00
Clock .......... ~ $269.00

(lots of I through 10)

P.S.— Our family of standard encoders now numbers
over 80, and we are proud of every one of them.

BA LDW lN ELECTRONICS. INC.

1101 McALMONT STREET « P. O. BOX 627 « CODE 501-375-7351
LITTLE ROCK, ARKANSAS 72203
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serve to illustrate the points made.
A 10-layer assembly is shown in Fig.
1. This bus is intended to pro-
vide electrical power at various
voltage levels for interconnection to
the intermediate connector blocks
and from there to printed circuit
card assemblies. The conductor
layers are bars of half-hard ETP
grade copper, from 0.010 inches to
0.100 inches thick by 0.500 inches
to 2.000 inches wide, depending
upon the current carrying require-
ment, which ranged from 30 amps
to 100 amps per voltage layer. From
five to twelve bars are laminated to-
gether with 0.005 inches thick Du-
roid 2370, a thin, high dielectric
strength film insulation.

The edges of the insulation over-
hang the assembly and, during the
curing operation, are molded to-
gether, providing a tight, moisture
resistant seal. The copper bars are
punched with tabs which protrude
through the insulation for intercon-
nection to the pin-blocks by sol-
dering.

It is obvious, of course, that in
addition to the electronic principles
involved, a certain amount of manu-
facturing know-how is essential. Se-
lection of the proper conductor and
insulation material is of prime impor-
tance. The thickness and electrical
characteristics of the insulation must
be carefully maintained to provide a
known capacitance between the volt-
age layers.

Table I shows some of the elec-
trical properties of commonly-used
bus bar insulation in typical thick-
nesses. The graph in Fig. 2 shows
the effect on capacitance, induc-
tance, and characteristic impedance
when the width of the assembly is
changed (curves are derived from
standard formulas and are approxi-
mately correct for cases involving low
impedance) .

Laminar bus assemblies have en-
tered the second generation and
are now a highly reliable compo-
nent. New designs incorporate still
higher capacitance and greater re-
liability for high speed relay switch-
ing. The engineer should give con-
sideration to the use of this type of
assembly. Design assistance as well
as specialized manufacturing capabil-
ity can be obtained from the major
producers of bus bars.

Circle No. 102 on Inquiry Card
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NOW-0ne Source

for Militarized Printers and

Perforated Tape Readers

Potter Instrument Company

HSP-3604 High Speed Printer

PT-5000 Perforated Tape Reader

MINIATURIZED, LIGHTWEIGHT, RELIABLE, AND MAINTAINABLE
For Telemetry, Ground Support, Automatic Testing,
Computer Readout on airborne, shipboard or ground systems

Potter’s all-new HSP-3604 high-speed serial printer operates
at an average print speed of 25 ch/sec. It has a self-contained
paper supply, take-up spool and solid-state silicon electronics.

The drum is easily replaced for format interchangeability.
The unit, only 5.4 W. x 15.8 D. x 8.8 H. provides three copy
printout.

It uses Potter’s unique patented double hammers in a sys-
tem that reduces parts and makes for easy maintenance and
speedy repair. It also features immediate visibility of the last
printed line.

Potter’s all-new PT-5000 perforated tape reader operates
at dual speed, 250 or 500 characters per second. Its sub-
assemblies are completely adjustment-free and include a net-
work of built-in diagnostic test exercises and indicators.

Designed with standard hardware, the tape reader can be
completely dismantled and assembled with only a screw-
driver by operator personnel.

Measuring 18 W. x 8 D. x 9 H. this compact unit weighs
45 pounds and features modular construction throughout.

Both these high reliability units have a mean-time-between-failure in excess of 2,500
hours. They can be repaired in less than 15 minutes by operator personnel. Complete
support documentation is available. Both printer and tape reader satisfy the specifica-
tions of MIL-T-21200, MIL-E-16400, MIL-Q-9858, MIL-I-16910 and MIL-I-6181.
They operate within a temperature range of —25°F to +135°F.

Contact Military Products Manager ™

FPOTTER

*sINSTRUMENT CO. INC.

151 Sunnyside Boulevard * Plainview, N.Y. 11803
(516) CH 9-0790 » TWX (510)221-1852 « Cable-PICO
CIRCLE NO. 19 ON

or fill in the coupon for full details. I Send details on perf tape |
| readers and printers 1
: Name___ :
l Company I
i |
I Address—— I
l Gty . _State e I
l-_-_--—-_-_-----J
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MOS MICROPOWER
COMPLEMENTARY
TRANSISTOR LOGIC

Metal-oxide-semiconductor transistors show
excellent promise for use in aerospace and
portable digital equipment where low power
consumption is 2 dominant requirement. Here
is a description of the basic MOS device and
a detailed discussion of MOS complementary
logic arrangements.

M. M. MITCHELL and R. W. AHRONS,

RCA Electronic Components and Devices,
Somerville, N.J.
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In most computer module design, operating speed is
emphasized far more than power consumption. How-
ever, there are many applications, particularly in aero-
space and portable, battery-operated digital computing
or communication equipment, in which the clock or
operating rates are the order of several megacycles or
less, and low power dissipation is paramount. These
applications appear to be ideally suited to complemen-
tary transistor logic using metal-oxide-semiconductor
(MOS) 2 transistors.

An additional factor becomes relevant in low-power
digital systems: only a small fraction of the digital ele-
ments are operating during any given time period. It
can be estimated that the average digital element in a
digital system has a duty factor of between 0.1 and 10
per cent. Thus, it is evident that very-low-power opera-
tion of digital systems requires a basic element which
dissipates very little in the quiescent state representing
a 0ora 1. A magnetic core operating in a memory is a
good example of an element that does not dissipate at
all in the quiescent 1 or O state, but only during each
switching transient.

This article considers power dissipation as the sum
of both quiescent-power and transient-power dissipation.
The former is independent of operating rate, whereas
the latter increases with operating rate, with the increas-
ing capacitance of the logic element, and with the in-
creasing voltage difference between the 1 and 0 logic
levels. This transient power usually results from the
charging and discharging of reactive components. In
conventional bipolar transistor circuits, most of the
power dissipated is quiescent power, which predomi-
nates because a resistance is used as the load for the
bipolar transistor. The use of a complementary arrange-
ment in which the load resistor is replaced by a tran-
sistor of opposite polarity results in appreciably lower
quiescent-power dissipations. One other factor in quies-
cent dissipation is the dc input impedance, which is
resistive in the bipolar case and capacitive (resistance
more than 10™* ohms) in the MOS case.

In essence, then, minimum total power dissipation is
obtained when both the quiescent and transient powers
are considered. As a result, the general approach is to
minimize the logic level swings, use true complementary
loads, and minimize leakage currents as well as all
output and load capacitances.

The MOS Device

As shown in Fig. 1, the MOS is a device comprising
source and drain diffusions, such as n* into p-type ma-
terial. The p-type material is called the substrate, and
the region between the source and drain diffusion is
called the channel. An insulator (usually thermally-
grown Si0,) is placed above the channel, and its metal-
lic contact, called the gate, is placed on the oxide directly
above the channel. When the gate is positively charged,
a negative charge is induced in the channel at the inter-
face between the silicon dioxide and silicon. This nega-
tive charge allows for conduction between the source
and drain. The induced channel at the interface pene-
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trates only in the order of 10 to 100 angstroms into the
silicon. Thus, the device is a voltage-controlled switch
with a capacitive input. The voltage present at the gate
at which the device turns ON is called the threshold
voltage, Vo.

The device shown in Fig. 1 is an n-channel MOS.
The complementary structure, p* diffused into n-type
material, is also available. Its operation is analogous to
that of the n-channel unit. A negative voltage on the
gate induces, in the channel, positively-charged holes
which flow when a negative voltage is applied from
drain to source. Fig. 2 shows the transfer characteristics
of typical n-channel and p-channel units. The transfer
characteristics shown are those obtained with the units
operating in the high-impedance region.

The drain current, Ip, as a function of drain voltage
and gate voltage, is described completely by the three
regions of operation: 1) low-impedance ON; 2) high-
impedance ON; and 3) high-impedance OFF. These
conditions are shown respectively as equations (la),
(1b), and (lc) for the n-channel unit:

2

N2
In = 2K, [VD(VG = Vimw): =— D ] + Ip;

2
Vp < Vg — Vix (1a)
I, = Kn [VG ¥ \,TN]2 + IL;
VDZVG—VTN (1b)
In =1Iu; Vg < Viy (1c)
_ W
where K. = ot (2)

and where Vyy = threshold voltage, Vp = drain volt-
age, Vg = gate voltage, u, = effective surface mobility
for electrons (less than bulk mobility), ¢ = dielectric
constant of the insulation, t,x = thickness of the insu-
lator, W = width (periphery) of the channel, [ = length
of the channel between source and drain, and I, =
leakage current.

The equations for the p-channel MOS are analogous
to those of the n-unit except that the effective surface
mobility of holes is considered. The threshold voltage
for an enhancement unit is given by:

toxP

(

Vp = (3)
where P is the initial density of surface charge from the
bulk material plus that contributed by surface states.
For switching, it is important to know the input ca-
pacitance, as represented to the first order by the
capacitance of the oxide, Cg, which is given by:

(4)

Added to this value is the capacitance of the gate
metalization which is not over the channel, as well as
the case and stray-wiring capacitance. For present MOS
transistors, t.y is in the order of 500 to 2500 angstroms
and [ is in the order of 0.1 to 1.0 mil. When [ is de-
creased, the input capacitance is decreased and the cur-
rent capability is increased ; however, the drain-to-source
breakdown voltage is decreased.

SOURCE AND DRAIN METALLIZATIONS

ETLSTTTNIEE)

SOURCE AND
DRAIN REGIONS

CHANNEL SUBSTRATE

Fig. 1 Cross-section of n-channel MOS transistor.

Fig. 2 Transfer characteristics of n-channel and p-channel
MOS devices.
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INPUT HIGH, V= Vjy=+V INPUT LOW, V|=0

2 n-UNIT 2
g 2 p-UNIT
| [
o ! o |
% Von H v,
g n-UNIT OFF
+V 0 +V
0 VouT VouTt

Fig. 3 Basic MOS inverter.

MOS Complementary Logic Circuits

Many discussions on MOS switching circuits have ap-
peared in the literature. However, the best application
of MOS transistors to micropower logic circuits lies in
the MOS complementary logic arrangement®*. This
arrangement uses n-channel and p-channel enhancement
units. The basic inverter circuit is shown in Fig. 3. The
logical voltage swing is from 0 to the supply voltage, V.
Upon application of +V (logical 1) at the input, the
n-unit is turned ON and the p-unit is turned OFF; the
output is in the low state (logical 0). This state is
illustrated in Fig. 3 (curve on the left) by the intersec-
tion of the characteristics of the two units. Upon the
application of 0 voltage (logical 0) at the input, the
p-unit is turned ON and the n-unit is turned OFF. The
resulting output is +V volts (logical 1), as shown in
Fig. 3 (curve on the right).

Because in either state one unit is OFF while the
other is ON, the quiescent power is only that of the
supply voltage multiplied by the leakage current of the
OFF unit. The transient power, as will be shown later,
is that resulting from the charging of input and output
capacitances.

The inverter may be extended to true complementary
logic. The remainder of this article discusses negative
logic (i.e., negative supply voltage with the n-channel
units connected to the supply voltage node). In the
logical NOR gate shown in Fig. 4, the p-units are in
parallel and the n-units in series. Reversing the arrange-
ment (i.e., the n-units in paralle]l and the p-units in
series) produces a NAND gate, as shown in Fig. 5. Fig.
6 shows the last of the basic set of logic elements, the
MOS set-reset flip-flop, which is formed by the cross-
coupling of two NOR gates. This MOS complementary
logic has the following advantages.®®:8?

® Microwatt standby power

® Simple one-supply, direct-coupled logic using only
MOS transistors

® Large fan-out capability because of capacitive inputs
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C= [AI+A2+AM]

‘no

M INPUT

Fig. 4 M input NOR gate.

TABLE |

FOUR-INPUT LOGIC AVAILABLE FROM MOS
ARRANGEMENT WITH CHANGES IN METALLIZATION

A+B+C+D NAND

ABCD NOR

= Sl (Exclusive OR when
A+ BIE+ D) C= A and D = B)
(A+B)C+D

(A+B+CD

AB + CD

(AB + C) D

AB+C+D

ABC + D

(A + B)CD

® Good noise immunity because of large threshold
voltages

e Stable operation because of true complementary struc-
ture

® High-speed operation because output node capaci-
tance is always charging and discharging through the
ON unit(s)

The MOS complementary logic is very versatile. For
example, the ten different four-input functions listed in
Table I can be constructed by simple interconnection
changes on a gate of quad n-units and quad p-units.
Fig. 7 shows formations of the gate for the function
(A + B) (C + D), which is the exclusive-OR function
when C =A and D = B. Examples of more complex
functions, such as half adders, half-shift registers, and
[ull adders can be found in reference 5. In true com-
plementary logic, the circuit formed by the p-units is
the dual network function of the n-unit circuit. The
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M INPUTS

Fig. 5 M input NAND gate.

QY

n n
Cgs(n) N
n n
@ OUTPUT O ‘@\, Cds(n)
)| Cdgln)
OUTPUT |
Cdg(p) Cst
P P P P
j —@ Cas(p)
J) [~ Cgs(p)
(@)
INPUT S INPUT R = =

P=2CoVo2 f+Ps
Co=2Cds(p)*4[Cdg(m*Cdq(p)]*Cgs(p)* Cgs(n)*Cst

Fig. 6 Set-reset flip-flop, showing
pertinent device capacitances.

set of n- and p-type units are put in a series to form the
complementary gate.

Power Dissipation

The total power P dissipated in a complementary MOS
set-reset flip-flop circuit such as that shown in Fig. 6 is
given by

P = 2C, V2 + P, (5)

where C, is the node capacitance, V, is the supply volt-
age, f is the operating frequency, and Py is the standby
power. The term (2C,V,*f) represents the switching
or transient power. For low switching power, the supply
voltage V, must be reduced to the lowest possible value.
The gate threshold voltages for the p-channel units

THE

COMPLETE
PRINTER LINE

FROM

CLARY

With over seven years experience in producing high-
reliability printers for every major missile program,
Clary now offers a wide selection of printers for
both the military and industrial markets.

MODEL 2000 MODEL 4000
parallel entry military printers—15 lines per sec.

Following are the newest additions to our mili-
tary/industrial product line:

MODEL 7500
low cost parallel entry
5 lines per sec.
Model 7000 — 10 lines per sec.

MODEL 35
low cost serial entry printer

3 lines per sec.

Model 45 — accumulator version

MODEL KAN-1001
alpha-numeric
BCD encoding keyboard

MODEL A/N 16

serial entry, alpha-numeric
strip printer
30 characters per sec.

WRITE FOR
LITERATURE

CLARY CORPORATION
MILITARY PRODUCTS DIVISION
SAN GABRIEL,CALIFORNIA
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IF C=A AND D-B .
OUTPUT (A+B)(A+B)=AB+AB EXCLUSIVE—OR FUNCTION

Fig. 7 The complemen‘ary (A+B) (C+D) gate.

Vo= -4 VOLTS

2.0

>
POWER — MICROWAT TS

o
o

POWER DISSIPATION —MILLIWATTS
S

o
>

[0) 0.4

REF‘ETITION RATE—Mc/s

Fig. 8 Power dissipation as a function of repetition rate for
the set-reset flip-flop of Fig. 6. (All data was taken using
RCA’s developmental semi-integrated MOS transistor cir-
cuits.)

(Vrp) are inherently larger than the gate threshold
voltages for the n-channel units (Vix) and, therefore,
determine the minimum limit for the supply voltage.
From practical considerations, the supply voltage must
be appreciably above Vi to preserve circuit stability and
speed capability. As was shown in Fig. 2, typical values
for Vix and Vip are 1.0 volt and 2.0 volts, respectively.
The internal node capacitance C, for the flip-flop is
given by
o = 2Casm) + 4 [Cagin) + Cagin] + Cigsy
o Cgs(n) =+ Cst

See Fig. 6 for definition of terms.

In Eq. 6, only the third and fourth terms
(Cgsp) + Cgsm)) are considered active capacitances in
that they are the precise terms which modulate the
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Fig. 9 Power dissipation as a function of
repetition rate for set-reset flip-flop of Fig. 6.

channel conductance to cause the MOS action. The
remaining terms all contribute to reducing speed and
increasing power dissipation, and as such they should
be minimized. This minimization of inactive capacitances
requires a device design in which the source and drain
regions have a large periphery-to-area ratio and, in ad-
dition, one in which the gate-to-drain metalization over-
lap capacitance is minimized. For a semi-integrated
flip-flop circuit (i.e., separate n-type and p-type chips
each in its own package), inactive capacitance presently
constitutes 30 to 50 per cent of the internal node capac-
itance. Continued optimization of geometries, packag-
ing improvement, and the integration of more complex
functions to reduce wiring capacity should result in a
further decrease of switching dissipation and/or an in-
crease in fan-out capability.

Fig. 8 shows the total power dissipation of the un-
loaded flip-flop circuit of Fig. 6 as a function of fre-
quency (repetition rate). Fig. 9 shows power dissipation
as a function of capacitive load Cy, (representing fan-
out) at a fixed frequency of 200 kc/s and a supply volt-
age of —4 volts. As expected from Eq. (5), the data
indicates a linear relationship with each of the indepen-
dent variables Cy, and f. The value of the standby power
(which is given by the zero-frequency intercept of Fig.
8) is about 0.8 microwatt at 25C and 12 microwatts at
100C. The standby power is proportional to the drain-to-
source leakage current, which tends to be higher for
n-channel units. However, the instability of the thresh-
old voltage of the n-type unit, which previously re-
sulted in large leakage currents at high temperatures
over extended operating periods, has been essentially
corrected by modifications of the oxide over the channel.

The instability of the n-channel MOS transistor, the
primary cause of increased standby power dissipation
over the extended operating periods, is explained in Fig.
10, which shows the two dominant drift mechanisms.*®
First, under extended positive-gate-voltage operation at
elevated temperatures, the threshold voltage is reduced;
for particularly unstable devices, threshold voltage can
actually become negative (i.e., the unit operates in the
depletion mode). This effect is shown as curve (2) in
Fig. 10. The mechanism for this shift is a bulk-charge-
migration effect in the insulating gate oxide. Altering
the physical properties of the oxide prevents this migra-

COMPUTER DESIGN/FEBRUARY 1966



Ginch capabilities
In micro-electronic
interconnection
can soive your
packaging
probiems

 P.C.BOARD
INSULATOR
vl

_RESILIENT
~ PRESSURE
PAD

1. Preskam
connector
with PC Board

locked in
place.

=

with
side-locking —

mechanism.

S

. Single board Preskam with
‘‘normallyclosed' construction,
Board is released by relieving
clamping pressure.

Ask Cinch about the new Preskam*
System that permits connections that
don’t dwarf the circuits they join.

Either a board or male connector is
dropped into place and then a cam
actuated insulating bar clamps the
board into the connector. High uni-
form contact pressure is maintained
over an up to 709, greater contact
area than in conventional connection
means.

Contacts are on 25-mil centers and
boards can be as little as 100-mils
apart. Multiple boards may be con-
trolled by the same locking device.

With contact disengagement before
board insertion or withdrawal, the
most fragile thin glass or ceramic
substrate is undamaged even from
repetitive insertions.

RELATE YOUR PRODUCT PLANNING
TO THE STATE-OF-THE-ART INTER-
CONNECTION SYSTEMS WHICH ARE
AVAILABLE FROM THE CINCH
RESEARCH AND DEVELOPMENT PRO-
GRAM. ASK CINCH FIRST: THEY MAY
HAVE ALREADY SOLVED YOUR INTER-
CONNECTION PROBLEM.

Write Cinch Manufacturing Com-
pany, at 1026 South Homan Avenue,
Chicago, Illinois 60624.

CM-6505 *Patent Pending

DIVISION OF

CIRCLE NO. 21 ON INQUIRY CARD

CINCH

UNITED-CARR



LET'S TALK STRAIGHT

FACTS ABOUT PROTOTYPES
AND PRODUCTION RUNS.

In precision thin metal stampings and magnetic
laminations, prototypes have always been a
problem. Too often, their tolerances are not iden-
tical to the final production run. The reason? The
method of manufacture. It can often create numer-
ous and frequent problems in design evaluation.

Haddon Tool and Manufacturing Co., one of the
nation’s prime suppliers of precision thin metal
stampings, has developed special new equipment
to resolve this situation . . . exclusive machinery
designed by Haddon engineers to provide Haddon
customers with prototypes that are guaranteed
identical to final production units.

And since Haddon is a specialist—(precision thin
metal stampings are the only type of stampings
they produce)—their capabilities for faster delivery,
increased precision and lower bids are unsur-
passed. Their prototype development facilities
present an attractive added bonus. It's not sur-
prising that so many Haddon stampings are used
in such critical fields as aero/space, electronics,
aviation, instrumentation ... where thereis noroom
for error in production run or prototype.

Above (left) is a prototype for a laminated computer
read-out head. The various tolerances range from =+.0002"
to +.000050". The prototype tolerances are identical to
the final production run (right).

If you would like greater reliability in your thin metal

stamping prototypes, then get the complete details by
circling the number below on your reader service card.

HADDON

HADDON TOOL & MANUFACTURING CO.

DIVISION OF LEHIGH VALLEY INDUSTRIES, INC.
Plant: Pennsauken, N. J.
Engineering Offices: P. O. Box 1117, Dept. C-4, Merchantville, N. J.
(609) 662-8150 » TWX 710-892-0725

The World’s Prime Source of Precision Metal Stampings and Laminations
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Fig. 11 Standby power as a function
of time for flip-flop type circuits.

tion.® Curve (3) in Fig. 10 shows typical results on
modified gate oxides. A second effect of lesser, but still
significant, importance is an increase in the drain-to-
source leakage current (Iy,) that is not gate-controlled.
This current arises from the formation of a parallel
channel outside of the control of the gate voltage. Its
effect is also increased by positive gate voltage at elevated
temperatures. The formation of this shunt channel can
also be prevented by suitable alteration of the oxide
properties. Fig. 11 presents life-test data on complete
circuits of the flip-flop type, which shows increases in
standby power resulting from both mechanisms of the
order of 3 microwatts after 1000 hours of operation at
100C.

Switching-Speed Response

A measure of the switching speed for iterative logic
networks is the circuit-pair delay. By means of a com-
puter analysis, performed by J. R. Burns, on an n-stage
cascaded network of inverters’, an expression was de-
rived for the output voltage versus time response of the
n'® stage as a function of the threshold voltages and of
the gain factor K for both n- and p-channel devices.
From this result the following analytical expression for
pair-delay T4 was obtained:

0.9C,
(l o \le Kl] 5 all

1
Kl = al.)g] (7)
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TABLE I ‘
OPTIMUM THREE-INPUT NOR GATE DESIGN ‘ . -
| and this unit,
Vo Tubeaxial, the IMCool is distributor stocked in
| 10 types, inputs of 60, 400, and 1000 cps, air
‘ delivery from 18 to 108 cfm.
<) |
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| 5
n and this unit,
Rackmounted double blower. This one installed
right in the broadcast area, delivers 500 quiet
cfm to a high-power broadcast transmitter.
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Vo, Kpett of n-unit Go* Ta 1 mc/s
(volts)  (a/volt?) to p-unit (pF) (nsec) (mW)
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- will design and build an airmover
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IMC is the single-source Plants: Westbury, N. Y.;
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This expression can be generalized for the more com-
plex case of the series and parallel transistors found in
NAND gates, NOR gates, and flip-flops, by modifica-
tion of the parameters K, and K, to their effective

values. For series units, K.y = %; for parallel units,

K.; = Km, where n and m are the number of devices
being switched simultaneously. Thus, for the case of par-
allel p-channel units and series n-channel units, as used
in the flip-flop circuits of Fig. 6 (where m = n = 2),

36

2K i
e T“and Kooy = 2K,

In general, C, is not independent of K, and K, ..
Because C, is an area-dependent term, a useful approxi-
mation for it is given by:

G, = A [K"m T erff] (8)

where A is a proportionality constant. When Eq. (8)
is substituted into (7) and either K, , or K, fixed,
a minimum T4 can be shown to exist as a function of
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the variable Kq¢; term. This minimum occurs when:

K“t*l’f ., Kp \ S (1 s an)
Koo =2 (m) (n) = d=a) (9)
Eq. (9), established by varying the periphery (W term

in K of Eq. 2) of either the n-channel or p-channel unit, SOLID TANTALUM CAPACITORS
serves as a useful criterion for designing series and par- pos e
allel MOS transistors. It was used to provide an opti- :
mum design for the three-input NOR gate shown in l<—]'/2 i'/ﬂ—*' l"*‘I 1% =% -—)‘
Table II together with test results for 4-, 5-, and 6-volt — " S e
supplies. Columns 5 and 6 of Table IT clearly show the | 020 == .001 ¥
speed-power tradeoff inherent in this type of logic con- Dia. Tinned  positive | MAX. DIA.
figuration. The greater speed capability inherent with Nickel Leads  polarity

the 6-volt supply is available only at the cost of greater SIVESTESE
power dissipation. Yet, a 4-volt supply results in a very METAL CASE INSULATION
respectable pair-delay of 213 nsec at less than half the SERIES Bl LENGTH | seRies Bix LENGTH
6-volt transient dissipation. cr .090 240 | cr .095 .260
Eq. (7) shows that the pair-delay becomes infinite
when either a, or a, is equal to unity. This relation-
ship confirms that Ve, the larger of the two thresholds,
determines the lowest possible supply voltage. Fig. 12

shows measured and theoretical [calculated from Eq. SMA I. L S l Z E

CM .128 .300 CM .133 320
CL 175 .325 CL .180 325

(7)] values of pair-delay as a function of V, for the WITH MAXIMUM CAPACITANCE
flip-flop circuit of Fig. 6; the good agreement of the two
curves substantiates the validity of Eq. (7). This data LONG SHELF LIFE

and the known internal node capacitance of 23 pico-
farads were used in Fig. 13 to plot the curve of power
dissipation at any speed lower than fuax (fuax = Y2 Ta)
as a function of fu... Power dissipation at any lower
speed than fu.. can be determined from this curve by

linear extrapolation towards lower speeds. For addi- Low COST
tional capacitance, such as may result from increased WELL BELOW 20¢ EACH
fan-out loading, the curve shifts to the left, as indicated | IN PRODUCTION QUANTITIES
in curve (2) of Fig. 13. This shift indicates a reduced

speed capability at a given power level. AVAILABLE RATINGS
STANDARD CAPACITANCE TOLERANCE +=20%

ALL DRY CONSTRUCTION

Complementary MOS Shift Register Circuit

s

The p- and n-channel units can form a shift register
using true complementary logic® with two flip-flops per
bit for two-phase operation. However, a significant re-
duction in components can be obtained by use of (1) the
excellent capacitance-storage feature of the MOS gates,
and (2) the two halves of the MOS flip-flop, one of
which will provide the function of delay. As shown in
Fig. 14, opening S, and S., which are in series with the
cross-coupling connections of the flip-flop, results in the
formation of two separate storage elements, the left and
right side of the flip-flop. Each side will store for an
extended but finite period of time. Digital information
from the preceding stage is next transferred to the left
side through the gate, and possibly changes the state of
the left side. At the same time, the right side transfers idis foards
its information to the left side of the next stage. Closing BOOTH 2A-48
switch S. first and then S, locks into the 1-0 information IEEE Show
on the left side which was transferred from the preced-
ing bit. A shift register based on these principles and TECHNICAL BULLETIN AVAILABLE ON REQUEST
using MOS units for switching is shown in Fig. 15.
Effectively this circuit is a two-phase operation with
simple MOS flip-flop comprising only a few components. I COMPONENTS, INC.
SMITH STREET. BIDDEFORD, MAINE

=~  PHONE A.C. — 207-284-5956
PLANTS AT BIDDEFORD AND KENNEBUNK
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Integrated Circuits

Because the n- and p-type gates can be cross-connected
CIRCLE NO. 24 ON INQUIRY CARD
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Fig. 16 MOS micropower integrated
circuit using diffusion techniques.

Fig. 17 Geometrical configuration of semi-
integrated MOS unit (four transistors).

without one device hogging the input signal as in the
case of bipolar transistors, complementary MOS circuits
appear very attractive for integration. Successful inte-
gration was obtained with a p-type well in n-type ma-
terial, as shown in Fig. 16. However, many problems
remain to be solved in the compatible processing of the
p- and n-type units to obtain the best characteristics of
each. Some of these are in the area of isolation between
n and p units, compatible metalization on n and p units,
and compatible oxide growth.

Semi-integrated structures of multiple n-type and mul-
tiple p-type units, such as the sample shown in Fig. 17,
have also been made. These units, which were used in
obtaining the data on micropower complementary logic
presented in the preceding sections, contain four MOS
transistors having a common source-drain region. How-
ever, because the units are symmetrical in geometry,
they can be used as four units in parallel as well as four
units in series. Many other configurations are possible
by simple changes in interconnections. Boolean ex-
pressions representing these configurations were shown

in Table I.

Conclusion

The MOS complementary transistor logic has shown
excellent promise for use with clock rates of several
megacycles and below. These logic circuits feature low
quiescent current for standby operation. Quiescent
power is in the order of a microwatt. The low supply
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voltages required for low transient power dissipation
necessitate the use of enhancement n-channel and p-
channel units having low threshold voltages. Although
a speed-supply voltage trade is evident, four-volt opera-
tion has been shown to be feasible, yielding circuit pair-
delays of the order of 200 nanoseconds. Recent tests
have shown that the MOS units can be made with
more than sufficient dc stability over extended time
periods for use in logic circuits. Single and multi-element
MOS units of the same type are in the developmental
state, with some presently becoming available. However,
there are inherent advantages in integrating n- and p-
type units on one chip. Although there have been some
experimental successes with integration of the comple-
mentary structures, a number of problems remain to be
solved.
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ORGANIZATION OF ROTATING BULK MEMORIES
FOR MINIMUM RANDOM ACCESS TIME

As an addition to
the systems designer’s

“bag of tricks’

-

for use in the art

of digital systems design,
here are some techniques
which will help minimize
the time required

to retrieve, randomly,
information stored in a

rotating bulk memory.

Rotating bulk memories in use today vary widely in
capacity, access time, and basic techniques used for
storing and retrieving information. For each such bulk
memory, there are a variety of schemes for the organi-
zation of the stored information. The observations and
calculations in this article apply to a large class of in-
formation-storage problems; they also apply — either
directly or by extension — to nearly all bulk memories
which require that the read/write mechanism be physi-
cally moved from track to track, that is, memories in
which there are many more tracks of information than
there are read/write mechanisms.

Bulk Memory Characteristics

The bulk memory used as the basis for these observations
has the following properties:

1. Information is stored on a large number, N, of
tracks. In general, each track rotates with the same
period, T, and contains the same number of bits; how-
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ever, adjustment can be made if these conditions are
not satisfied. It is immaterial whether the tracks are
concentric, as on a disk, or cylindrical, as on a drum.

2. One positionable read/write mechanism services all
the N tracks. (Note that memories having multiple (K)

access mechanisms and N tracks can be related to this
|

concept by considering each section of — tracks and its
SN

12

single read /write mechanism.)

3. The time required to move the read/write mecha-
nism from track N; to track N; is some function of
the distance between them, |N; — Njl.

Average Access Travel

A quantity of interest is the distance which the read/
write mechanism can be expected to travel for each
access, since the average access time is dependent upon
it. The problem can be stated as follows: the read /write
mechanism is positioned at track N;, and it must be
moved to track Nj, where i and j can each be, with
equal probability, any track between 1 and N. What is
the expected value of the distance from N; to N;?
Mathematically stated:

Find E [|N; — Ny|],

Where P(N; = A)

Il

forall A,B:{0 < A,B < N}

| = zl,_.

Il

P(N; = B) N
From basic probability theory,® assuming N to be

sufficiently large (“Sufficiently large,” in this case, re-
: 1 2. ¥ :

quires that N be negligible by comparison with N) so

that N; and Nj can be considered to be continuous

random variables:

E [f(xi, %) = //f<> p(x1, %)) dx; dx,

=09 =6

where p(xi, x;) = the joint density function of x; and x;.
Since P(N; = A) = P(N; = B) = %
forall A, B:{0 < A,B < N},
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TRACK BEGINNING

Fig. 1 Search-and-locate in group-directed ordered storage.

1 0<N,N <N I £

then p(N) = p(N:) =} N i Then E [N, — N;|] = N2//(Ni ~ N,) dN; dN; +
0 0
and, since N; and N; are independant random variables, T Ng > By
L ogN,N <N 1
p(Ni, N;) = p(Ni) p(Ny) = 1:1{ Stherorise WZ//(N,- — Ni) dN; dN;
NN N;’>0Nl
1 N Ni
Therefore E [|[N; — N;|} = ﬁér/]INi — N;| dN; dN;j. g
00 = (Nl _'Nj) dN,

. = V(N — Ny N, > N;
Since [N; — Nj| ;(Nj B NJI) N, SN 0 0
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N Nj

dNi -+ [ (N] T N‘) dN; dN,
0 \70
E [lNi — N} :%”

Therefore, the average travel of the read/write mecha-
nism under the conditions of completely random access is
across one-third of the total tracks in use.

Searching in an Ordered Storage

One method of locating information in a bulk memory
is to create a directory which can, given identification of
the desired data, designate the exact track on which
the data will be found (see, for example, reference 2).
For an N-track storage, and ordered data, this requires

a directory having N bins, with each bin storing the
identification of the highest (or lowest) ordered data
entry on the corresponding track. For such an organiza-
tion, the storage average access time 7 will be the time
to move to the designated track, plus the time required

to find the desired entry on that track. As shown above,
\l

) ! E N
the expected movement time is some function of ; the

3
expected time to find the entry is half the rotation
time T. Therefore:

HatN 1
T—t$3‘$+ 9 i,

, 1s typically in

\ N
In practice, the movement term, t §

3 AR
the 10-100 ms range, and the entry scan time, 5> 1

typically 10-20 ms. Note that when N is very I;rge,
e.g., 1000 tracks, a very large amount of data must be

TABLE 1

Calculation of Entry Search Time

X4 (CASET) .

TRACK i

|®sesscssessnccecsns
r

Xd (CASEI)

T

—— TIME

X
CASET SEARCH l l

X 0
TRACK i+ | t

CASEI SEARCH

BACK STEP
-

D I L L L

For the purposes of entry search, a track may be viewed
as the real line from O to track end (T). This is
diagrammed in the above figure. If x, is defined as
the entry point on the i*h track, and x; is defined as
the desired entry location, then the probability of Case
I occurring is equal to the probability that x; is lo-
cated between x, and T. The probability of Case II
is one minus P(Case I), since only the two cases can
occur.

P(Case I = P(0<x.<x3<T)
= P(0<x,<x4, 0<x,<T)

Xq
f plxexa) dsgpdx,
0
0

Where p(x,, Xq) is the joint density function of x,
and x,. Since x, and x4 are independent, and are uni-
formly distributed between 0 and T, then:

L%, % T

Otherwise

T

Xa

/ de
T2

0

Therefore P(Case I) =

0
So P(Case I) = P(Case II) = Va
The second problem is to find the length of the

search in each of these equiprobable cases. From the
above illustration, note that:

Time (Case I) = (x4 —

xe) t> xd>xe

Time (Case II) = T, — (x, — Xq) » Xe>Xa

e

Therefore

= Tens = P(I) Tz + P(I1) Ty = Y (T: + Ty)
=V (xd_xe)t +Tt—(xe——xd)t‘

2 Xa >k, X %y
=1 [‘xvl_X«-H =T _!xtl_xl'it]

> revolution.
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stored in the directory; the directory then becomes a
sort of bulk storage problem in itself. In storage devices
where the movement time is small for single-track step-
ping, an attractive technique exists for drastically reduc-
ing the size of the directory required. (In devices where
a large rest-inertia must be overcome regardless of
whether the motion is to be over one track or a thou-
sand tracks, this technique does not apply, since the

: ; N
movement time is of the form t; + t. { = ) where t,

2
is relatively large (10-50 ms), and t. is two or three
orders of magnitude smaller. The discussion here ap-
plies to devices (see, for example, reference 3) where
t; is very small or non-existant.)

In this technique, the size of the directory is reduced

: N v : ;
from N bins to —— bins by grouping the tracks into

groups of ¢ tracks each, moving the read/write mecha-
nism to the beginning of the group, and locating the
correct track within the group by sampling each track.
The additional access time needed with this technique is

that time required to sample (on the average) %tracks,
and move-one track 7(214 times. If this time is negligible
compared with 7, above, then the price paid in access
time for the significant reduction in directory size is well
spent.

The search for a particular unit of data in the bulk
storage is diagrammed in Fig. 1, which uses concentric
tracks (as on a disk) for illustration. In this illustration,
it is assumed that track N; contains the lowest-valued
data of the set of q tracks:

[NJ” Nj+1, Nj+2, PR Nj+q_1}_

The directory gives the address Nj, the read/write
mechanism is moved there, and the search starts by
sampling on track Nj. If the sampled data is lower-
ordered than the desired data, a step command moves
the read/write mechanism to the next higher track,
Nj;1. This sample-and-step process continues until the
sampled data becomes higher-ordered than the desired
data, indicating that the desired data lies between the
last two samples.

Assuming that this last sample is taken on track Nj.i,
there are two possible cases for the location of the de-
sired data:

Case I: The desired data lies on track Nj., between
the sampled point and the end of the track. In this case,
reading of the remainder of track Nj,x will locate the
desired data.

Case II: The desired data lies on track Nj i 1, between
the beginning of track and the point on that track which
was sampled. In this case, reading of the remainder
of track Nj,i will not locate the entry, and a back-step
must be generated to read track Nj;._,, starting at
track beginning.

Assuming that the sample point and the location of
the desired entry are both random variables which are
uniformly distributed on the track, it can easily be shown

(see Table 1) that Case I and Case II are equiprobable
and that the expectation of the time, from the time
that the last sample is taken until the desired entry is
located, is one-half of the track revolution time. Since
the search time with an N-fold directory also takes one-
half revolution, the additional time required is only that
required for the sample-and-step process.

Redundancy As a Speed-Up Mechanism

Neglecting any contribution of the sample-and-step tech-
nique described above, the access time to a rotating bulk

memory is made up of the two basic components of
. N St Uil
movement time, t g:€ , and rotation time 9 In appli-
D

cations where the stored data occupies fewer than half
of the available tracks, full redundancy can, in many
cases, provide a reduction in access time.

The desired redundancy is achieved by allotting to
each track only half (or one-third, etc.) as much data
as it would normally store, and writing the half-data
block twice (or three times, etc.) on each track. This
has the effect of reducing the track revolution time, T,

to one-half (one third, . . .) of its original value; the
negative effect is that the number of tracks, N, is
doubled (tripled . . .). Therefore, if the original ac-

TAPE LISTING PRINTERS

Price is all we have to offer! Our tape listing
printers are slow. They accept and print up to a
nine character data line, and it takes almost

a whole second. We don’t know how long they will
continue to do this, because we've only been
selling them for six years and nobody tells us when
they stop. This is why we have to sell the darn
thing to OEM’s at a starting price of $275.

If you just want the insides you can buy it for
less. For a Bingo card circle you can have a

data and price sheet. Please forgive the cheap

ad, the mark-up on the printer isn’t sufficient to
pay for a fancy campaign. It's just the plain,
unadulterated truth. Send for facts today—Bingo—
letter or phone. You'll receive a happy surprise,
maybe, we hope.

Model S-110-9 Printer
Rack Mount Option

CONNECTICUT
TECHNICAL

corporation

3000 MAIN STREET
HARTFORD, CONNECTICUT 06120
CIRCLE NO. 25 ON INQUIRY CARD
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cess time were represented by the expression:

o N T
T=(t1+tzl§)+§v

the access time with redundancy would be

¥ RN I
TR G t:‘g. +§Ii:

where R is the redundancy factor, that is, the number
of times the data is stored.
The optimum redundancy can be determined by set-

s
ting — equal to O:
AN

dR

)

L R

e oRE,

3T \¥%
Rogs = (QtQN)

Optimum redundancy can thus be evaluated in terms
of the parameters T (rotation) and t. (stepping time)
of the bulk storage in use, and the amount of data to
be stored, since in this expression N represents the
number of tracks required to store the data with no
redundancy. The bulk storage obviously places an upper
bound on RN.

Probabilistic Redundancy

If the entries in the bulk storage are not equiprobable
of access, significant gains in access time may be made
with non-uniform redundancy, at the same time reduc-
ing the requirement for excess storage. As an example,
in the machine translation problem.* the stored informa-
tion is by no means equiprobable of access. In English
text, the single word “the” accounts for about 9.3%
of all word occurrences; “of” for 6.2%:; “and”, “in”,
and “to” for 8.2%, and the next 11.2% is covered by
only thirteen words. Therefore in a dictionary stored
for machine translation, which might typically contain
100,000 entries, about 35% of the accesses could be to
only 18 entries. There are a number of tricks which
can be applied to this particular situation. However,
the point here is to illustrate the use of partial re-
dundancy.

Assume that the access time to the bulk memory used
in a machine translator, under conditions of no re-
dundancy, is given by the expression:

5 ms

2 3

where, as before, N is the number of tracks used to
store the dictionary, and 25 ms is half the disk rotation
time, T. Using a dictionary of 100,000 entries stored
250 to a track, N = 400 and 7 = 16.5 ms. If full-
dictionary redundancy is used (R = 2), N is doubled
to 800, T is halved to 12.5 ms and:

TR =2 = 14.25 ms.

If partial redundancy is used, the probabilities of ac-
cess to the various portions of the disk must be taken
into account, that is

7= 10 N psec + 4

7pr = [7r = 1] [P(access to R = 1 area)] +
[Tr - 2] [P(accessto R = 2 area)] + ...,

where the sum of all probabilities must equal one. Let us

investigate the case where each of the 18 most probable

entries is allocated a track of its own, i.e., R = 250 for

those 18 entries. This creates 18 new tracks, making
i

N = 418, and makes Tis = 250 = 100 psec. The
average access time for these 18 entries is:
s = (10) (418) psec + 10—02L5e—° = 4.23 ms.

The combined probability of occurrence of these 18
entries is 0.35. The remaining 99,982 entries have a
probability of occurrence of 0.65, and an access time of:

£ U8 e s,

;Remaindex' = 10(418) usec + 9

The total access time is then:

7pr = (4.23 ms) (0.35) + (16.68 ms) (0.65) = 12.3 ms,
which is 25% less than the non-redundant access time,
and 14% less than the R = 2 case.

In most cases, some combination of different redun-
dancy factions for several subsets of the stored data will
achieve the minimum access time. (Note that in some
cases the statistical characteristics of the data may alter

the assumptions which led to the figure of g for the

expected travel time E {N; — Nj}, and this effect must
be considered.)

The most effective balance of redundancy techniques
will be different for each combination of storage device
characteristics, volume of data, and statistical charac-
teristics of the data. In general, redundancy will be
most effective when it is so devised as to equalize the
amount of time spent in moving the read/write mecha-
nism and the amount of time waiting for the disk to
rotate. This can be readily seen by plugging the equa-
tion for Ry, developed in the last section, back to the
original equation to find 7,,. Since a mathematical ap-
proach to the design of an optimum solution for a
particular application becomes very messy when com-
binations of redundancy are used, the balancing of the
requirements and possible solutions becomes another
facet in the art of digital system design. END
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When Burroughs wraps up the package, your readout costs you less.

When you buy a NIXIE® tube package, you get a driver
module designed with your input requirements in mind
plus the finest readout available, at an extremely low
cost per function.

For instance, 1000 lot prices for new driver modules,
including rectangular NIXIE tube readout, are as follows:
e BIP-9451, a BCD to decimal decoder with memory in
a new hybrid circuit package, $35.50 ¢ BIP-9501, a
10-bit memory driver module, $32.50 ¢ BIP-9402, the
world’s smallest BCD to D decoder with memory, $49.00.

And these are only the most recent additions to a line
which already includes a 150 KC uni-directional counter
(BIP-8055), $50.00 with tube; a 110-KC bi-directional
counter (BIP-8054), at $80.00 with tube, and a wide
variety of socket pack drivers and decoder/drivers
which range in price from $28.50 to $35.50, including
readout. All prices apply in 1000 quantities.

Burroughs readout packages save you electrical and
mechanical design time, and they are available.

Write for complete information on NIXIE indicator tubes
and associated driver modules.

Only Burroughs manufactures NIXIE Tubes.

B -
g Burroughs Corporatlon//ELECTRoNlc COMPONENTS DIVISION

PLAINFIELD, NEW JERSEY
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I.ockheed

- memory
i Systemout
B of action?

There's really

¥ onlyoneway.

It definitely takes some outside intervention to stop Lockheed’s
high-speed memories. The reason: we’ve carried ‘‘worst case
design” further than anyone else in the field.

Lockheed has built this approach into the largest commercial
high-speed memory in operation today. It has 32,768 words, 74 bits
and operates at 1 microsecond complete cycle time. Also into an
integrated circuit memory for military aerospace use. It puts 4,096
words and 32 bits into a 10 Ib. package of only 175 cu. in.

What specific ‘“worst case design’’ features can Lockheed build
into memories for you? Our standard CC-100 (1 usec.) and CC-200
(1.75 usec.) memory systems illustrate some basic ones.

Here’s an example: our unique sense amplifier circuit. It provides
a new order of accuracy because it subjects ‘‘1-0’’ signals to three
types of discrimination, not the usual two. Signals must pass time,
threshold, and width discrimination.

Then there’s Lockheed’s exclusive core driver circuit. We drive
76 bits with one circuit, not the usual two or more. Aninnovational
design provides power to spare and greatly simplifies circuitry.
Added dependability and economy result.

“Plug in”” memory stacks are another Lockheed feature. You can
economically enlarge a low-capacity system to fit expanding
needs. Field conversionofa 1.75 usec.systemto 1 usec.is easy, too.

More facts on Lockheed memories: operating temperature range
0°to 50°C - All-silicon semiconductors - Commercial or military

specs - Standard rack or special mounting -

Numerous operational and equipment options - IJOCkhe,ed
Write for full technical data now. Electron 1CS

6201 E. Randolph St., L.os Angeles, Calif. Companv

Also, ask us for full information about A Division of Lockhéed

memory/computer design engineering opportunities. Aircraft Corporation




HIGHEST GREATEST LOWEST

QUALITY VERSATILITY COST
Quality and reliability demon- Complete families of rugged For example, 100 Kcps S-R
strated by a proven 4% mil- potted germanium and silicon flip-flop module $3.95 each in
lion hours MTBF modules quantities of 100

Practical reasons why so many engineers
choose EMC

digital logic modules

o

o potted i ZIMONIM

Complete families of digital logic modules operate over
an ambient temperature range of —55°C to +125°C

e [e]C]T]RIOIN] ( [C] | : g
HE NMEEFCMESMEElectronic Modules Corporation € COMPONENTS DIVISION
EEEEE"E 1949 GREENSPRING DRIVE e TIMONIUM, MARYLAND e TEL. (301) 252-2900 e TWX-301-252-0723

CIRCLE NO. 28 ON INQUIRY CARD

@  CIRCLE NO. 27 ON INQUIRY CARD 47



DATA LOGGING PRINTERS

Part 2 - Manufacturers' Units

In last month’s issue, Part 1 of this
Product Reference File survey ar-
ticle discussed the internal design
and external system considerations
that may influence the selection of
a data logging printer. The term
“data logging printer” as used in
this 2-part survey refers to the types
of printers that are frequently called
strip printers, paper tape printers,
listers, instrumentation printers, or
digital recorders. The common de-
nominator of these printers is that
they do not print out a full page
format (high speed page printers
and automatic typewriters will be
covered in a future survey article).

Here in Part 2, brief descriptions
of the data logging printers offered
by 17 manufacturers are given.

The performance characteristics
of manufacturers’ representative
models are summarized in an ac-
companying chart. This chart is not
intended as a basis on which to
make a final selection of a printer
for a particular application but
rather as a good starting point for
further investigation.

Manufacturers’ Units

Beckman Instruments Inc., Rich-
mond, Cal. — Beckman manufac-
tures a ‘“‘tab” type instrumentation
printer to complement their line of
electronic counters and digital volt-
meters. This machine, shown in
Fig. 1, can print out straight nu-
meric information at the rate of 3
lines per second with up to 12 col-
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Fig. 1 Beckman Instruments’
Model 1435 printer.

Fig. 2 Clary Corp.'s Model 4000 military printer.

umns per line. The Model 1435 has
a modular decoding system which
can accept either of the 3 BCD
codes or a ten-line input. Also, the
machine has a color control for red
or black and three optional inter-
face circuits. This printer is a half-
rack design which can come in a
portable case, bench cabinet, or
mounted in a rack adapter.

Clary Corp., San Gabriel, Cal. —
Clary manufactures three printer
models that use a unique printing
mechanism which is a hybrid between
a “tab” and “on-the-fly” mechanism.
With this technique, the print drum
pauses momentarily at each charac-
ter while the hammers are actuated.
Printing occurs only when the type
wheels are stationary. This feature
is said to eliminate timing problems.
These three printers all use impact

sensitive paper. The Model 2000 is
a 12-character numeric printer pro-
viding a maximum of 21 columns at
15 lines per second. The Model
4000, shown in Fig. 2, is a militar-
ized version of the Model 2000. The
Model 7000 can operate up to 20
lines per second with a maximum 20
column capacity. These printers al-
low paper loading through the front
panel.

Cincinnati Time Recorder Co., Cin-
cinnati, Ohio — This company’s
Model TCP, shown in Fig. 3, allows
for the printout of 8 columns of
data plus the time and date at a
rate of one line per second. This is
a slow speed machine that lends
itself to monitor and alarm print-
out applications. The printout is
straight numeric, but any two col-
umn positions can be replaced with
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Fig. 3 Cincinnati Time Recorder’'s Model
TCP printer.
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Fig. 5 Connecticut Technical Corp.’s
Model S-220 printer.

a four letter word. Input is a 500
millisecond switch closure to each

digit.

Computer Measurements Co., San
Fernando, Cal. — The CMC in-
strument printer eliminates a font
bar by using direct character for-
mation. Each numeral is made up
of a combination of 7 segment bars
(segments that are commonly em-
ployed in digital readout devices)
and when the decoded combination
of bars are extended, they form the
type face. Printing is accomplished
by bringing the paper in contact
with the segments in a rigidly-
mounted character head with a
standard typewriter ribbon, between
the head and the paper, supplying
the ink. The CMC Model 410A
offers numeric printout at 10 lines

Fig. 4 Computer Measurements Co.'s Model 410A printer.

Fig. 6 Di/An Controls’ Model NN printer.

per second and up to 12 columns.
It also features a movable decimal
point and a number of input logic
levels and codes. This machine can
optionally print out a limited alpha-
character set. This model, shown in
Fig. 4, is packaged in a half-rack
size with front panel paper loading.

Connecticut Technical Corp., Hart-
ford, Conn. — This
printer is a low-cost, slow-speed ma-
chine that accepts serial entry data
at the rate of 15 characters per
second. The printer is a modified
adding machine with the optional
features of ADD, SUBTRACT,
and TOTAL. Model S-110 prints

approximately 1.8 lines per second

company’s

and S-220 provides 3.6 lines per
sec. Printer is shown in Fig. 5.

Di/An Controls, Inc., Boston, Mass.
— Di/An Controls has three “on-
the-fly” printers. All of their mod-
els use a microporous inking roller
and feature electronic timing ad-
justments. The Model NN, shown
in Fig. 6, is a 32 column numeric
machine operating at 40 lines a sec-
ond and the Model NA is an alpha-
numeric counterpart operating at 20
lines a second. The Model DL i1s a
16-column numeric printer with a
maximum speed of 40 lines per sec-
ond. These printers have a number
of input codes and data level op-
tions and can also be provided with
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Fig. 7 Franklin Electronics’ Model 1200 printer.

Fig. 9 Mite Corp.’s Model 118A strip
printer.

line storage and character serial en-
try. The Model NN and NA are
field expandable on a columnar basis.

Franklin Electronics Inc., Bridge-
port, Pa. — Franklin manufactures
a variety of “on the fly” printers
which are capable of asynchronous
operation. The Model 1000 is a 20-
column machine providing 40 nu-
meric lines per second or 20 alpha-
numeric lines per second. The Mod-
el 1200, shown in Fig. 7, is a 12-
column numeric printer operating
at 20 lines per second. The Model
2200 is similar to Model 1200 but
has a bigger print drum that pro-
vides 22 columns with a 64 alpha-
numeric character set. Franklin has
also announced a new alphanumeric
strip printer, Model 120A, that
prints 20 characters per second on
a 15" wide tape. This model, weigh-
ing less than 5 lbs, is available as a
printing mechanism without the
associated electronics.

Hewlett-Packard Co., Palo Alto, Cal.
— Hewlett-Packard offers several
models of its basic digital recorder.
Model 560A prints directly from a
Hewlett-Packard counter. Model
562A, shown in Fig. 8, accepts a
BCD input and has internal line
storage. The basic printer is an 11-
column, five line per second nu-
meric “tab” type machine. The
Model 562A has its decoder and
comparator electronics on one-col-
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umn boards. Optional boards are
available to accept any of the 3
BCD codes and 10 line inputs. This
printer also has an optional analog
output with an accuracy of +5%.
Model 561B is a 10-line input.

Mite Corp., New Haven, Conn. —
The Mite printer, shown in Fig. 9,
is an alphanumeric strip printer that
operates at 10 characters per sec-
ond. It has a printing capability of
64 characters. This printer is a di-
rect positioning “tab” machine
which uses six input solenoids to
position a single type bar through a
unique cable linkage. The printer
uses a ratchet and pawl mecha-

Fig. 8 Hewlett-Packard’'s Model 562A digital recorder.

paper tape. This small printer, 10”
long, 5” wide, and 2” high, is said
to be particularly suited for appli-
cations where space, weight, and
available power are at a premium.

Monroe Datalog Div. of Litton In-
dustries, San Francisco, Cal. —
Monroe offers a variety of printer
models. The Model MC 4000,
shown in Fig. 10, is a 32-column
numeric or alpha-numeric photo-
composition printer which operates
at a maximum speed of 100 lines
per second. This model’s optical
printing technique was described in
Part 1 of this survey article. The
Model MC 1380 and MC 1040 are

nism to advance its impact sensitive 16-column  numeric  “on-the-fly”
TABLE |
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