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JuliIst

THE CORRECT LIGHT CAN MAKE ALL THE DIFFERENCE.
SI.“AN The Sloan Company is totally concerned with the design
and manufacture of the finest quality indicator lights.

Our in-house facility offers you complete selection—from the world’s
smallest indicator lights to Pee Cee lights with up-front replacement.
If you need an indication...let Sloan light it up — brilliantly.
..‘ THE SLOAN COMPANY
7704 San Fernando Road

@ s @ Sun Valley, California
Phone (213) 875-1123
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For less than £10,000,
rapid random access
to 4,224,000 bits

can be yours

. in a 17!2" diameter by 12 %"
high dusttight package, including
all electronics required for head
selection, writing and reading
data. Get the intriguing perform-
ance details on our brand new
high-density 1004S Drum Memory
option in Bulletin TIB-6803.

And while you’re at it, check out
the tremendous versatility of the
entire VRC drum line, covering a
storage range of 328,000 to
64,307,200 bits, in five standard
packages. Ask for 12-page bro-
chure DB-6803.

Computers are known by their MEMORIES

...80 18

Vermont Research

DRUM MEMORIES * SYSTEMS ¢ DISK PACKS

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

When it comes to engineering opportunities (and the good life, North Country style), the place to come is Vermont
Research Corporation. For specific information, contact: RICHARD A. STOVER, Vice President-Engineering.

CIRCLE NO. 2 ON INQUIRY CARD



VARIAN DATA 620/i
gives you more

hardware power
for faster system

The Varian Data 620/i computer has

more hardware power than any other
computer in its class. To the systems en-
gineer this means greater system capability —
and lower system costs.

Varian Data 620/i's hardware power is reflected in

its 9 hardware registers, including 4 operational 16-bit hard-
ware registers. These registers give the 620/i faster arithmetic and

addressing speeds, without resorting to time-consuming software subrou-

tines. Varian Data 620/i's 16 or 18 bit word length handles most input/output
data requirements without double precision. And the exclusive MicroEXEC
option handles instructions at submicrosecond speeds, giving a 10 to 1 speed
advantage over stored programs.

For easy interfacing with your system, Varian Data 620/i has Party Line
communication, over 100 basic commands, and a directly addressable 4K- to
32K-1.8 microsecond memory.

IC construction, rack-mounted packaging, complete choice of peripherals, and
field-proven software make the Varian Data 620/ today's best buy for systems
applications. $13,900 with teletypewriter. Less than 45 day

delivery on the basic machine.

We have a new 620/i brochure full of facts, figures, instruction lists,

and diagrams. Write for your copy today.
We have excellent professional

openings for engineers

and programmer. H i
programmers @varlan data machines

a varian subsidiary

1590 Monrovia Ave., Newport Beach, Calif. 92660
(714) 646-9371 TWX (910) 596-1358
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38 A LOW-COST OUTPUT TERMINAL FOR TIME-SHARED
COMPUTERS
R. C. ROSENBURG, D. W. KENNEDY and R. A. HUMPHREY
A remote terminal providing switch-form output from a time-shared
digital computer. Included is an application of the memory to auto-
matic set-up and control of an analog computer.

46 AN ALGORITHM FOR SEQUENTIAL CIRCUIT DESIGN
M. A. ETTINGER and G. W. JACOB
The method presented in this article will always yield a design solu-

tion to “any” sequential machine. When intuition in the design fails
the designer will find this method to be an invaluable tool.

54 A FREQUENCY MODULATION SYSTEM UTILIZING A
DIGITAL CONTROL LOOP

R. B. SEPE

Signal processing systems often requirve an FM subsystem that is highly
accurate and stable over a broad frequency range. The system design
described in this article satisfies this requirement.

64 ACCLAIM — A COMPUTER AIDED DESIGN SYSTEM
M. D. AAKHUS, D. M. SEEMAN and E. ]J. PTAK

A family of computer programs, written in FORTRAN IV that can
be used as a design tool, by logical and circuit designers.

72 THE LAST DECADE OF COMPUTER DEVELOPMENT
S. LEVY
A survey of computer development from 1957 to the present. Includes

hardware and software developments and predictions on the design of
the next generation of computers.
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BBRC/Miratel's TU Monator

SOLID-STATE-AND PROVEN

This is a TU Series eight-inch b/w utility monitor
from Ball Brothers Research Corporation’s Miratel Division.
Miratel makes the TU with transistors for added
reliability, and reduced heating. No big array of vacuum tubes.
No heating problem. TU monitors have regulated

power supplies, and -are available with display tube sizes

from eight through 27 inches. They are NASA proven and
competitively priced. We could go on and on about solid
state quality and performance, but our monitors can say it
better than we can. Contact us for data sheets and
an evaluation of the TU in your operation.

s 7,
% MIRATEL DIVISION « BALL BROTHERS RESEARCH CORPORATION « 3600 RICHARDSON STREET « NEW BRIGHTON - ST. PAUL, MINNESOTA 55112
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A computer is only as good as its
oftware. You'’re fortunate. Ours makes
ur life easier.

n you buy your computer, you expect it

to work---qmckly, accurately and easily. That's why Hewlett-Packard
software packages are written—and proved —in-house,
by people who are intimate with the hardware.
You don’t have to be. Just take your choice of
FORTRAN, ALGOL or Conversational BASIC.
You're on the air fast.

All HP software is delivered with your computer. Fully
documented. Not only three high-level programming
languages, but an Assembler, a Basic Control System
and utility routines. Even a special Data Acquisition
Executive.

These programs are convenient, readily useable and
efficient. And they aren’t tied to a particular machine
configuration. If you change your hardware set-up—
say to handle more input/output devices—you don’t
have to re-program. You just enter the modular soft-
ware driver for each unit. The Basic Control System
will incorporate succeeding 1/0O operations.
Hewlett-Packard will teach you how to use the soft-
ware package in two weeks of free classroom train-
ing. The same programs and techniques work with
any computer in the HP family. We hope you'll join
our customers who keep telling us about their good
fortune.

For more information about HP computers and our
proved software, call your local HP field engineer.
Or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

=l

HEWLETT \hp PACKARD

DIGITAL COMPUTERS

06808
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Fairchild has introduced 31
new products in the last 31 weeks.

Our goal is fifty-two new integrated circuits in fifty-two weeks. To obtain
the Reader Service Number for any product announcement ad, simply
add 100 to the new product number. For example, New Product No. 3 is
Reader Service No. 103.
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More about:

BINARY TO DECIMAL 7-SEGMENT DISPLAY CONVERTER.

Put new products #1 and #16 controL counter count seauence
together, and you've got the basis
of a whole new subsystem. Using

0111  MASTER RESET

five 9300s and four 9307s, com- e :
bined with a variety of four other i
Fairchild components (19 pack- 0100

ages in all), you can build a sub- T
system that would normally require o9 I
60 discrete integrated circuit pack- lico |

ages. (Each 9300 replaces six IC
packages and each 9307 replaces
five IC packages.)

This application demonstrates the excellent interfacing
compatibility of CCSL circuitry. It allows you to combine
the best features of each circuit family: MSI for complex-
ity and economy, DTxL for wire-OR and lower power
applications, and TTuL for speed and line driving.

The 9300 and 9307 are MSI. Like the rest of the family,
they’'re designed to work as basic building blocks in any
digital logic system. They work together with a minimum
of interface circuitry.

1101 DISPLAY

The new subsystem converts a 12-bit binary number (in
serial form) to the individual outputs required to drive
four 7-segment numeric displays. These could include
incandescent, electroluminescent, 7-segment neons or
CRT numeric displays.

The conversion takes place in two steps: (1) conversion

of the 12-bit binary number to parallel BCD code and (2)

conversion of the BCD to outputs necessary to drive the
7-segment displays.

The logic diagram and
control counter count
r 1 sequence illustrates how
the conversion takes
1_ O-| place. When the START
conversion goes high, the
9300 control counter
a transfers from the 1101
state to the 0111 state
B (the display outputs, that
is, the 9307 decoders, are
enabled only in the 1101
state, thus they become
disabled and remain so
during the entire conver-
? sion process). In the 0111
state, the four 9300 shift

Ix registers containing the
9307 results of the last conver-
sion are cleared to zeros.
After the 0111 state is
reached, the clock signal
is enabled both to the
CIRCUIT A binary source and to the

conversion registers until twelve clock pulses have
occurred. After twelve clock pulses, the 1101 state is
again entered, at which time the display decoders are
enabled to display the results of the conversion, and the
clock pulse to the conversion logic and binary source is
disabled. The 9300 control counter shifts to the parallel
enable mode when the 1101 state is reached, and will
remain there until the START conversion goes high again.

Master
Clock

Start Q
Conversion
111 Cmﬂ
o) =% Source
Input
i3 9§
9300
[ T T
51 Master
Reset
CIREUIT L1 CIRCUIT :‘ CIRCUIT Shekrg
— = A — A
=3 o1
9307

1001 1

‘<— SEVEN-SEGMENT BCD OUTPUT ——

PARE S LT e A s 9936 DTxL Hex Inverters
Bk els ekt 9946 DTxL Quad Two-Input Nands
o o 9009 TTuL Power Driver
;[P 9003 TTuL Triple Three-Input Gate
v 9300 MSI Universal Shift Registers

R 9307 MSI Seven-Segment Decoders

Conversion from the serial binary input to parallel 8421-
BCD occurs in the following way: After each bit is shifted
into the conversion register (most significant bit first), the
numeric contents of every 4-bit register (except the last)
are examined. If a register contains a value of 5 or greater,
the mode of the register is converted to parallel enable.
On the next clock, 3 is added to the present contents of
the register and the results are shifted one place.

For complete specs and other application information,
circle Reader Service Numbers 101 and 116. If you have
an immediate application requirement, call your local
Fairchild distributor now.

s Wit L s Fairchild Semiconductor A Division
of Fairchild Camera and Instrument
FAI Rc H i LD Corporation, 313 Fairchild Drive,
N Mountain View, California 94040
SEMICONDUCTOR (415) 962-5011 TWX: 910-379-6435




No stripping
or plating.
No welding
or soldering.
Just crimp and snap in.
Cable to cable,

cable to board,

cable to wire.

Mix flat cable

“and round wire,
Practical, low cost, easy.
Maintainable. Reliable.

~ Available now.
~ For information
on our flat cable

ncorporated,
burg, Pennsylvania




From idea to hardware in 50% less time, at 30%
less cost, and with the highest degree of accuracy
in the industry!

Completely eliminates heating problems associ-
ated with backplane wiring.

<« 36 card assembly of ““blue
chip” logic cards, showing
readily accessible color coded
test points for all functions.

Data Technology
has the answer with
automated logic card
chassis wiring. Write
for complete informa-
tion on this unique pro-
duction technique that
will slash costs, shorten the
time span between concept
and completion, and put doc-
umentation in a new

perspective. .
A Typical backplane wiring for Data

Technology’s “‘blue chip” logic cards. Three card
Automated logic card chassis wiring is . . .
another example of the total service CageS_ Wlﬂ'\ up to 2,000 'loglc functions can
package provided by Data Technology. be wired in one operation.

Data Technology Corporation, 2370 Charleston Road, Mountain View,
California 94040. Phone (415) 964-2600, TWX (910) 379-6476.
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Complex-function
integrated circuits

give you a new look
in system package count
...System costs, too!

(MECL II MAKES IT POSSIBLE!)

~ whene the priceless ingnedient & cane!
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30% SYSTEM COST REDUCTIONS POSSIBLE!

- Since we don’t know your exact system require-
ments, we can’t predict precisely how much MECL
II can reduce your costs. But, our engineers figure
that 309, is a conservative estimate for most systems! Why ?
There are three reasons: First, there’s the recent reduction
in piece-part prices — as much as 65%, on some types. Then,
we’ve now introduced several new complex-function types
(and, more on the way) to further reduce “can-count.” And,
of course, there’s the complementary output feature of all
MECL circuits — to provide superior design flexibility as
well as reduced package-count.

It’s a great combination!

Further, even the new complex-function circuits are
lower in price than other comparable types. For example,
the cost-per-gate-element of the MC1030/MC1031 is less
than 33 cents! Yet, these Quad 2-Input Exclusive OR and
NOR gates will replace up to 12 standard gates and make
it possible for you to build a 25 ns, 16-Bit Parity Checker,
as shown

COMPLEMENTARY OUTPUTS REDUCE
PACKAGE COUNT The six-input OR/NOR gates in

the MECL II series are extremely useful in generating
multiple wired-OR logic functions since six independent
outputs are provided, as shown. In addition to lowering sys-
tem costs by reducing package count, this unique feature
reduces delay time and design headaches; plus, it provides
almost unlimited flexibility of logic design.

25 ns 16-BIT PARITY CHECKER (Even Parity)
MC1031/1231

MC1031/ MC1031/1231
1231

MC1031/1231

MECL Il “WIRED OR"” FEATURE

X+Y+2
—X
X+Y+2Z

X INPUTS

X
o

WHERE: Yz
X = f (Six Variables) b

Y = f (Six Variables) Y INPUTS

Z = f (Six Variables) Y

tpg Average = 4.0 ns
Total Power = 200 mW

<

N X

Z INPUTS

N|

NOTE:
All Outputs That Are Used Require An Internal or External Pulldown Resistor.

NOW -UP TO 65% LOWER PRICES ON SOME MECL II TYPES!

PRICE PRICE
TYPE NO. FUNCTION 1000-UP || TYPE NO. FUNCTION 1000-UP
MC1001P | Single 6-Input Gate $1.25 MC1017P | Translator (Sat. Logic to MECL) $2.75
MC1002P | Single 6-Input Gate 1.25 || MC1018P | Translator (MECL to Sat. Logic) 275
MC1003P | Single 6-Input Gate 1.25 || MC1019P | Full Adder 3.50
1004P | Dual 4-I . x

ME1005P | Dual 4-Inbut Gare 1.30 || Mc1020P | Quad Line Receiver 1.25
MC1006P | Dual 4-Input Gate 1.30 || MC1021P | Full Subtractor 3.50

- y MC1022P | Type D Flip-Flop 3.70
Mgigg;g 1r|p:e g-:nput gate 1.35

riple 3-Input Gate 1.35 1| MC1023P | Dual 4-Input Clock Driver (2ns ted) 5.80
e (T;l:gg’ 23}:‘:"”:8;? e MC1024P | Dual 2-Input Expandable Gate 1.35

, . 14- - :
MC1011P | Quad 2-Input Gate 140 C1025 Dual 4- and 5-Input Expander 1.30
MC1012P | Quad 2-Input Gate 1.40 MC1027P | 120 MHz AC Coupled J-K FlipFlop 5.80
MC1013P | 85 MHz AC Coupled J-K Flip-Flop 2.40 || MC1029P | Data Distributor 2.60
MC1014P | Dual R-S Flip-Flop (Pos. Clock) 2.60 || MC1030P | Quad 2-Input Exclusive OR Gate 3.95
MC1015P | Dual R-S Flip-Flop (Neg. Clock) 2.60 MC1031P | Quad 2-Input Exclusive NOR Gate 3.95
MC1016P | Dual R-S Flip-Flop (Single Rail) 2.60 MC1033P | Dual R-S Flip-Flop (Neg. Clock) 2.60
OTHER COMPLEX FUNCTIONS TO BE ANNOUNCED SOON: 16-Bit Coincident Memory Transmission Line Driver
100 MHz Decade Counter Dual Schmitt Trigger
180 MHz Type “‘D"’ Flip-Flop

New MECL Data Brochure provides “how-to-use” infor-
mation plus complete specifications, for the World’s Fastest,
Most Advanced I/C Logic Line . . . 80-pages of pertinent
applications information, complete data for 58 MECL II
devices (30 circuits) and a general information section that
includes a full explanation of the emitter coupled logic de-
sign approach. It’s yours for the asking! Simply write on
your company letterhead to: P.O. Box 955, Phoenix,
Arizona 85001.

Most MECL II circuits also
available in ceramic flat pack
(TO-86) for —55° to +125°C
operation.

|

l
1]
(]
F

g

MOTOROLA Semiconductor Products Inc.
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reghecentralen

knows that missed bits can mean missed Kroner.

The @ata products | MSR-1500

makes sure they won’t miss!

When the Danish Telephone System needed a fast, dependable
way to tally telephone tolls, Regnecentralen, our customer in
Copenhagen, installed a computer system incorporating our
new MSR-1500 Card Reader.

The MSR-1500, a complete Speedreader-1500 with mark-sense
reading capability, can read both mark-sense and punch cards,
at 1500 cards per minute. The MSR-1500 can also read
punches and marks from the same card.

Accurate data transfer is assured by the electronic checking
of reading, timing and card travel on every card cycle. Solid-
state electronics, plug-in modules, operational flexibility, low
cost and ease of interface helped an OEManufacturer solve a
problem in Denmark. How (or where) in the world can we
help you?

For detailed literature write
otz data products/uptime,
: 8535 Warner Drive,
Culver City, Calif. 90230

Edam products| uptime

“the peripheralists”

data products manufactures
LINE/PRINTER®, DISCfILE ™ , Core Memories, Tape Cleaners, Off-Line Printer Systems, Card Readers & Punches

CIRCLE ON. 9 ON INQUIRY CARD
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The NCR
Peripheral
People
Announce
the
Peripherals
of the

Century

EM-H6 CRAM (Card

Random Access Memory)
Super CRAM! The billion bit (125
million byte) 4th Generation Pe-
ripheral reads and writes faster at
random than many sequential
units. Average access time is 115
ms. One controller can handle 8
CRAM-6 on one imput Tine. Auto-
matic read after write.

EM-C5 High Speed Printer
Prints up to 3000 Ipm. “Swing-away”
typedrum, interchangeable tool steel
drums. Excellent operator access to
exchange drum, ribbon, paper and
code discs. Magnetic particle clutch
for years of maintenance-free opera-
tion. Incomparable!

EM-C3 Low Cost Printer

NCR built everything except blinding
speed into this unit. It's reliable, offers
flexibility, operator access never be-
fore possible. Prints 450 Ipm using 48
of the 64 character set or 900 Ipm
using double numeric typedrum.

EM-J1 Dual Disc Unit

Fastest access time of any comparable
disc drive—48 ms avg. With 12 read/
write heads per disc surface you can ac-
cess up to half a million bytes without
head positioning. Each unit contains two
disc packs (six surfaces, 72 read-write
heads each) for a total capacity of 11.6
million eight bit bytes. It's “big system”
hardware at an amazingly low price.

NCR knows electro-mechanics. For more information about these

and other NCR Peripherals, call or write the Peripheral People today.

®
THEe

PeriPHeraL :'.
PeoPLE

Random Access Devices ¢ Card Readers

* Magnetic Tape Units « Mass Storage
Devices = Tape Readers ¢ Card Punches ¢
Line Printers » Tape Punches * MICR Readers
* Printing Mechanisms ¢ Keyboards

THE NATIONAL CASH REGISTER COMPANY -+ INDUSTRIAL PRODUCTS DIVISION <+ DAYTON, OHIO 45429

CIRCLE NO. 10 ON INQUIRY CARD

13







Synchro
to
Digital

Digital to Synchro Converter

. 0

Synchro and/or Resolver to Digital Digital to Synchro and/or Resolver
MODEL NO. A-602-16 MODEL NO. A-702-16

OUTPUT: Parallel Binary INPUT: 16 Bit Binary, Parallel Entry
RESOLUTION: 1 part in 2'¢ OUTPUT: 3 or 4 Wire AC

ACCURACY: =9 seconds (Synchro or Resolver 11.8 to 90V)

ACCURACY: =9 seconds
(Options available to suit any requirement) (Options available to suit any requirement)

If you need converters, come to the people who perfected them.

We build the very best in:

Synchro to Digital Converters Multi-Plexed Converters

Digital to Synchro Converters Resolver and Synchro Standards and Bridges
AC Analog to Digital Converters Decade Ratio Transformers

Digital to AC Analog Converters Programmable Instrumentation

-\o

asSli advanced instrumentation Massachusetts 617 862-8230 ® Ohio 513 278-5885
® Pennsylvania 215 265-3450 ® California 213

- 684-2000 ® Florida 305 423-7615 ® Georgia 404
astrosystems, inc. 873-5118 ® Minnesota 612 698-5531 ® Colorado
303 756-1234 ® Washington 206 324-7911 ®=

6 Nevada Drive, New Hyde Park, New York 11040 516=328%1600 Middlesex, England TELEX 26 12 28

CIRCLE NO. 12 ON INQUIRY CARD



NEW NEW NEW

Incremental tape recorder
FACIT 4210

B IBM-compatible

M low price

B control unit available
B extremely compact

Contact
for USA: Potter Instrument Co, Inc, 151 Sunnyside Blvd., Plainview, N.Y. - for Europe: FACIT AB, Fack, Stockholm 7, Sweden
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PRESENT OPPORTUNITIES
LIMITED?

PRINT ARE YOUR ABILITIES APPLI-
THANKS FOR CABLE TO COMPUTER FIELD?

YOUR TIME

PRINT INTERESTED IN CREATIVE

‘ ?
ARE YOU DESIGN OPPORTUNITIES?
SURE?

ARE WE INTERESTED
IN YOU?

PRINT

WORK ON:

INERTIAL NAVIGATION SYSTEMS
OPTIMAL FILTERING
HYPERBOLIC NAVIGATION SYSTEMS
HYBRID SIMULATION SYSTEM
MISSILE GUIDANCE
DIGITAL AUTO PILOT
STATE-OF-THE-ART COMPUTERS
MULTIPLE SENSOR NAV. SYSTEMS

ILLEGAL
BRANCH

DATA ACQUISITION SYSTEMS

PROGRAMMER?

CIRCUIT DESIGNER?

LOGIC DESIGNER?

HOLD FOR PHONE
CALL OR LETTER
INPUT TO AC
ELECTRONICS

Program yourseltf
for progress.

Flexibility, diversity, challenge . . . are
three vital ingredients for progress
you’ll find in abundance at AC
Electronics. Why? Because, here at
AC, you’ll have a crack at a variety of
jobs on some of today’s most exciting
and advanced projects. What’s

more, you’ll be in on the ground floor
of rapidly expanding computer
activity. Example: a Hybrid
Simulation System for future space
flights already in the works. If you
have a degree, plus two or more years’
experience, look over the career
opportunities listed below. Then
write, phone or wire: Mr. R. W.

Schroeder, Dir. of Professional and
Scientific Employment, Box 508,
AC Electronics Div., Milwaukee,
Wisconsin 53201.

Digital Circuit Designers —
Design, check-out, and evaluation of
advanced circuits utilized in special-
purpose digital and hybrid airborne
computers. Will utilize recent
advances in integrated circuit
development.

Computer Memory Designers —
Perform detailed mechanization of
memory devices used in AC-developed
MAGIC series computers.

CIRCLE NO. 900 ON INQUIRY CARD

Instrumentation Systems
Designers —

Perform logic and circuit design,
development and check-out of airborne
and ground instrumentations systems.

Computer Logic Designers —
Develop and optimize advanced logic
input-output design for use in real
time computer application.

AC ELECTRONICS

MASTER NAVIGATORS THROUGH TIME AND SPACE  MARK OF EXCELLENGE

An Equal
Opportunity
Employer

19



INVAC

PERFORATED TAPE
DUPLICATORS,

VERIFIERS,
and CODE-
CONVERTERS

INVAC Off-line Tape Preparation
Systems, Series S10-S50 combine the
capabilities of standard INVAC Tape
Punches, Readers, and associated
electronic logic circuitry to duplicate,
verify, or code convert using any tape
material or code.

. . . Optional Editing Switches

. . . Optional Parity Error Detection
. . . Optional Blank Skip

. . . Optional Code Delete Skip

. . . Optional Character Recognition
. . . Optional Tape Rewind Panel.

HIGH SPEED KEYBOARD
enhances system versa-
tility. Makes new tape.
Edits existing tapes.

Write for data

oooooooolNVAC

CORPORATION

26 Fox Road, Waltham, Massachusetts 02154
Tel. (617) 899-2380
PHOTOELECTRIC KEYBOARDS * TAPE PUNCHES
READERS AND HANDLERS ¢ I/0 TYPEWRITERS
PRINTERS AND SYSTEMS

CIRCLE NO. 14 ON INQUIRY CARD
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NEW FERRITE COMPOSITION DE-
VELOPED — A National Aeronau-
tics and Space Administration
physicist has announced the de-
velopment of a new ferrite composi-
tion which should lead to less
expensive temperature-stable mem-
ory cores.

Howard Lessoff, in a technical pa-
per presented before the annual
meeting of the American Ceramic
Society last month, reported the
composition was developed in the
Materials Branch of the Component
Technology Laboratory at NASA
Electronics Research Center, Cam-
bridge, Mass.

The new composition is obtained
by a partial substitution (order of a
few atomic percent) of calcium for
iron in lithium ferrite. “The cal-
cium has beneficial effects on the
conditions of the sintering process
by which memory cores are made,”
Mr. Lessoff said. ‘“Sintering tem-
peratures are decreased, secondary
recrystallization is inhibited, grain
size and porosity are reduced, and
the size distribution is made more
uniform.”

The composition has potential ap-
plication in the fabrication of mem-
ory cores for space-borne computer
memory systems. Compared to the
presently-used lithium ferrite, the
new composition offers greater uni-
formity and reproducibility of prop-
erties, and substantial reduction of
operational power requirements.

AIRBORNE DIGITAL COMPUTERS
— Each giant U. S. Air Force-Lock-
heed C-5 cargo transport will carry
as standard equipment three air-
borne digital computers built by the
Nortronics Division of Northrop
Corporation, in Hawthorne, Calif.
Two of the lightweight digital
units are a part of the inertial-
doppler navigation system built by
Northrop for the C-5 Galaxy. (Two
computers are used to provide pri-
mary and auxiliary systems.) The
third computer, similar to the navi-
gation system computers but with a
different input/output unit, is used

INDUSTRY NEWS

in the airplane’s Malfunction Analy-
sis Detection and Recording (MA-
DAR) system, designed by Lock-
heed.

Both primary and auxiliary digital
computers in the navigation sys-
tem’s data processing section are
high-speed (parallel arithmetic) gen-
eral purpose machines with random-
access core memories. Combined
memory capacity is 20,000 words.
Add time is eight microseconds,
with a word length of 28 bits.

Either computer can be used to
back up the other in case of trouble.
In addition, each will be pro-
grammed to perform a few separate
functions. The two, however, pro-
vide computational redundancy in
all principal navigation tasks. The
MADAR computer has an 8000-
word memory, but the same add
time and word length as the naviga-
tion computers.

The low weight of the computers
is achieved through maximum use
of film hybrid circuits and micro-
electronic integrated circuits, plus
advanced packaging techniques.
These engineering and packaging
techniques also allow production
of the digital computers at low cost
with very high reliability. Although
they are extremely compact and
lightweight, the airborne units have
all the computational capability of
large data processing machines. Be-
cause of their versatility, the com-
puters are being successfully ap-
plied to several other current
aircraft and space programs.

UNIQUE SEMICONDUCTOR TEST
SERVICE — TI Supply, a distribu-
tion subsidiary of Texas Instru-
ments, is inaugurating a complete
semiconductor testing service for
its customers with the establish-
ment of a testing center in the New
York City area at Great Neck. Du-
plicate facilities already are in-
stalled in Houston, where TI Supply
began a pilot operation five months
ago to evaluate this type of service
which is unique among distributors
of electronic supplies.
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The new VersaSTORE |l core memory system can

give you all the speed, capacity, and convenience
you'll ever need.

It can also save you a few bucks.

1.6 usec asynchronous speed with
650 nsec access time.

Capacity up to 4096 36-bit words,
up to 8192 18-bit words.

Occupies only 5%” rack space, weighs
less than 35 Ibs.

VersaSTORE |l capacity is expandable
via exclusive “Party Line" design.

Plug-in stack permits easy service.
Includes timing and control flags, test
points, and optional self-test for
easy system checkout.
All-silicon design and modular
front-access construction.
Servoed current drive system
compensates for ambient temperature
changes, insures excellent margins
under elevated temperatures.
VersaSTORE Il is our improved

version of the original VersaSTORE
/ memory with more than two years’
success in hundreds of systems.

We'd be happy to give you an
unlimited amount of our own personal
time, or even send you a copy of our
complete new VersaSTORE Il
brochure. Just call or write.

Let us quote on a VersaSTORE I
to meet your requirements. Our low
> price will surprise you.

@varian data machines

a varian subsidiary
Formerly Decision Control, Inc.

1590 Monrovia Ave., Newport Beach, Calif.
TEL. (714) 646-9371 TWX (910) 596-1358

We need Senior Development Engineers and Programmers. Write to Mr. Bruce Ferris.



WYLE LOGIC MODULES

FAST DELIVERY
TECHNICAL ASSISTANCE
LOW COST
GENERAL PURPOSE DESIGN
BROAD SELECTION

TEN-YEAR WARRANTY
STATE-OF-THE-ART DESIGN

. T 5 (s

The above are some of the subheads in the Wyle Inte-
grated Circuit Logic Modules short-form catalog. They
are seven of the twelve reasons Wyle logic cards may be
your best buy. If you want to discuss the other five rea-
sons (or get more detail on the Big Seven), drop us a
line on your company letterhead, and we’ll send you
the catalog. Or better still, call Don Tothe, our product
manager, and let him fill you in on what Wyle can con-
tribute specifically to your system. Systems Division,
Wyle Laboratories, 128 Maryland Street, El Segundo,
California. (213) 678-4251.

WYLE
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Both centers will handle discrete
components, circuit cards, inte-
grated circuits, and Large Scale In-
tegration products of any manufac-
turer.

Everett Hanlon, Test Service man-
ager, Houston, said, “These centers
give the small manufacturer access
to a sophisticated testing service
that only a few major companies
could afford outright, without need
for capital investment or increased
overhead. They also provide fast
‘overload’ relief for larger manufac-
turers, meeting requirements for the
most complex programs and all gov-
ernment specifications.” He added
that most moderate production lots
could be processed and returned to
the customer within 48 hours.

Equipment in the centers includes
dynamic test systems for paramet-
ric testing, test controllers, testers
for d-c and pulse testing of discrete
components, and computer con-
trolled systems for functional test-
ing of digital circuits.

In addition to computerized test-
ing of d-c, linear, and dynamic
parameters, the centers provide
burn-in and component aging serv-
ices, and physical and chemical en-
vironmental tests.

“Many standard test programs al-
ready have been developed by
Texas Instruments for use with
components made by TI and other
companies,” Mr. Hanlon said.
“These software programs are
available to our customers at no
additional charge. Such programs
also can be modified at minimum
charge, or special test programs can
be developed as required.”

The scope of services of the new
centers includes incoming inspec-
tion on a statistical sample or 100
per cent test basis; screening for
selected characteristics, electrical
failure analysis and special studies.

SILVER-PALLADIUM ELECTRODE
PASTE LOWERS CIRCUIT MOD-
ULE COSTS — A patent has been
granted to an International Business
Machines Corporation chemist cov-
ering a composition and method for
silver-palladium electrode pastes
that perform better than commer-
cially available pastes costing up
to ten times as much.

Lewis F. Miller, of IBM’s Compo-
nents Division development labora-
tory in East Fishkill, New York,
received patent number 3,374,110
for his invention of the new com-
positions. One of the compositions
is now being used in the manufac-
ture of Solid Logic Technology
(SLT) circuit modules, the micro-
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How to start a fully
computerized
data acquisition system

DIGITAL makes complete computer based acquisition sys-
tems at prices beginning at $20,000. They are complete and
ready to start work the day they are delivered. Just plug them
in and go.

For collection and analysis of analog and digital inputs. For
data logging. For status, log and alarm. For complete closed-
loop control.

DIGITAL's data-logging systems collect the data in the form
you want, read it out on standard teletype as hard copy, all
at computer speeds. The data-collection and analysis sys-
tems preprocess the information and provide outputs on in-
dustry-compatible magnetic tape for computer analysis.
Status log and alarm systems are bigger. Closed-loops are
bigger yet. But to you, consider these systems black boxes.
DIGITAL's systems incorporate some of the smallest and
least expensive; some of the most sophisticated and power-
ful computers in the world. They incorporate the converters
that feed these computers, the multiplexers, the consoles.
Complete computerized systems for data acquisition that

can grow as your business does.

Because growth is important. DIGITAL customers appreciate
the compatibility of one DIGITAL computer with another, the -
compatibility of the converters with several computers, the
ultimate compatibility of the interfacing that is built from one
of the largest module lines in the industry. The modules, in
fact, that are used in the computers themselves. Stepping up
and growing is built into the DIGITAL systems.

We'll match the size of the system to the size of the problem
— a small system that includes the $10,000 PDP-8/S, a more
powerful one that incorporates the $35,000 PDP-9, a giant
that uses the $500,000 PDP-10, and many stops inbetween.
But to you, black boxes all.

And DEC provides easy to use software packages to let you
assemble programs tailored to your application.

A copy of the DIGITAL DATA ACQUISITION BULLETIN is a
postcard away.

Remember, 5 cents now.

dlifglilt]all

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 + Cambridge, Mass. « New Haven » Washington, D.C. - Parsippany, N.J. + Prince-
ton, N.J. « Rochester, N.Y. « Long Istand, N.Y. » Philadelphia + Huntsville « Pittsburgh - Chicago « Denver « Ann Arbor « Houston « Albuquerque + Los Angeles + Palo Alto -

Seattle. INTERNATIONAL: Carleton Place and Toronto, Ont., Canada - Montreal, Quebec, Canada -
Paris, France * Munich and Cologne, Germany + Oslo, Norway « Stockholm, Sweden -

Edmonton, Alberta, Canada - Reading and Manchester, England -«

Sydney and West Perth, Australia « Modules distributed aiso through Allied Radio



ELECTRONICS ENGINEERS

Y How? Come to Lockheed Electronics Company
0“ can in Los Angeles...where the world’s fastest 212D

k memory system is already in production. Lockheed
ma e engineers conduct research in all phases of memory

’a systems technology. Not only do they de-
mmﬂrrﬂws velop advanced memories, but also what
H memories are made of—the finest printed
memorles circuits, stacks and ferrite cores. With such a
d large number of successful projects underway, Lock-
lﬂ av- heed Electronics has become the country’s fastest-
growing company in the memory system field. [J To continue
growing, Lockheed needs talented engineers in logic design,
circuit design and magnetic memory design. There are also
openings for engineers with managerial experience. [

Tomorrow's memories can’'t wait. Send your resume today
to Professional Employment Group, Lockheed LBCKHEED

Electronics Company, 6201 East Randolph
Street, Los Angeles, California 90022. ELECTHUNIBS
Lockheed is an equal opportunity employer. CUMPANY

A Division of Lockheed Aircraft Corporation
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Chapter III.

3% The Word from GENISCO.

THINK ABOUT THE
AC TRANSIENT
FREE SWITCH

1 FOR 2 FORMULA

Think about—one high reliability*
solid-state component, that replaces
two components. The Genisco

Switch eliminates filters, and relays
or contactors. It also eliminates
noise hash caused by spurious
transients. Turns AC currents on or
off in any type of switching mode.

Just think! Size is reduced about
50% for simpler design, more
convenient packaging; and it costs
less, too. Works manually or
remotely with either electrical or
pneumatic triggering.

The Genisco AC Transient
Free Switch meets or exceeds
MIL-STD-826 and MIL-I-6181D,
in 60 and 400 cycle versions, and
is available in 5, 15, or 25 amp
configurations.

Now stop thinking about it! Send
for complete information.

*Tested without-
failure through
20 million cycles.

GENISCO TECHNOLOGY CORPORATION
COMPONENTS DIVISION

18435 SUSANA ROAD

COMPTON, CALIFORNIA 90221
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electronic building blocks in IBM
System/360 computers.

The electrode paste consists of
approximately 4 parts silver to 1
part palladium, and a vitreous frit,
dispersed in an organic vehicle.
The paste is applied to the surfaces
of ceramic substrates through a
silk-screening process to form con-
ductive ciruit patterns or ‘lands.”
The paste is then dried, fired, and
finally tinned with a layer of solder.
In other process steps, resistors are
formed and active semiconductor
devices (transistors and diodes)
joined to the pattern at selected
points to complete the SLT hybrid
module circuitry.

For the manufacturing process,
the conductive lands formed by the
paste are usually no more than 5 to
15 thousandths of an inch wide and
only a fraction as thick.

In addition to being several times
less expensive than similar pastes
made from combinations of other
precious metals, this formula offers
these properties and advantages
over previous compositions:

® The silver-palladium lands sin-
ter and fuse exceptionally well,
forming a very dense, uniform
land — much better than that
provided by other metallurgical
systems.

® The conductivity is significantly
greater than the commonly used
gold-platinum pastes.

® The paste has demonstrated
excellent compatibility with
glazed resistors and other pas-
sive components with respect
to such properties as scaling,
interfacial hot spots, tempera-

ture coefficient of resistance,
and drift.

® The paste drastically reduces
the tendency of pure silver to
form extraneous conductive
paths under conditions of high
humidity and high current lev-
els. Furthermore, it is particu-
larly solderable and not subject
to dissolving in molten solders,
as normal silver preparations
are.

® The formuation is reliable,
reproducible, and readily adapt-
able to mass production tech-
niques.

CERAMIC METAL FIXTURE IN-
CREASES PRINTED CIRCUIT
BOARD PRODUCTION — Printed
circuit board production at the
Univac Division of Sperry Rand
Corporation, Utica, New York, has

‘been increased by the use of a

newly-designed fixture made from
Nucerite, a ceramic-metal compo-
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1 HEATED STACK — Built
for a process control
application, this has an
extremely large bit length.
(16K x 25 bits). Heaters keep
the temperature a constant
55°C £3°C; but the whole
stack with heaters and large
capacity only takes up

750 cubic inches.

2 FOLDED STACK — We've
built hundreds of these for
SDS computers over the
past year. With a 4K x 9 bit
capacity, the stack uses our
20 mil cores, and turns out
a cycle time of 830
nanoseconds.

EM electronic memories

12621 Chadron Avenue, Hawthorne, California 90250

(213) 772-5201

6 new off-beat 2': D stacks.

3 HIGH/LOW TEMP STACK —
This 8K x 18 bit 22 D, built
for RCA, uses our special
lithium cores. They have a
low temperature coefficient
and excellent stability over
a10°Cto 55°C range. The
beauty of this is that the
customer doesn’t have to
bother with temperature
compensation.

4 COMPACT STACK WITH
LARGE CAPACITY— For
Honeywell, we put together
a 32K x 18 bit prototype stack
in a space of 600 cubic
inches (10” x 20" x 3”).

This stack uses our //ﬁ
/ i\

i

20 mil cores and has a cycle
time of less than 650
nanoseconds.

5 SPLIT MODULE STACK —
This was a tricky one for
Raytheon. It was a special
16K x 18 bit stack, and two
sets of diode modules in the
word direction had to be
placed on each side of the
stack. (Usually, they’re all
on one side.) The whole
stack was designed, built,
and shipped in 8 weeks.

6 nanosTACK™— We use
this one in our large capacity
NANOMEMORY system, but
we've also been making a
modified version for over

a year and a half for Digital
Equipment Corp. The stack
has an 8K x 18 bit capacity
and measures only 10%2" x
20%2 " x 2", ;

If your 2%2 D requirements
are off-beat, call us, and we
will see what we can do for
you. Or write for Litpak 100
describing our stack
capability.




"Dialeo Sub-Miniature llluminated

PUSH BUTTON SWITCHES
and matching INDICATOR LIGHTS

can solve many indication problems for you!

Dialco silent, momentary type switches—with matching (or companion)
lights can offer you the switching/indication combination you require.
Check these features:

Switching capabilities: require 24 oz. (approx.) operating force. Con-
tact arrangements are S.P.S.T., normally open or normally closed;
two circuit (one normally open, one normally closed).

Switch ratings: 3 amps, 125V AC; 3 amps, 30V DC (non-inductive).
Switches are completely enclosed and independent of the lamp
circuit.

Mounting: units are made for single hole (keyed) mounting in panels
up to 3/16” thick; mount from back in 1/2” clearance hole.

Display capabilities: 1/2” or 3/4” interchangeable push-
button caps are available, with round or square shape.
Caps may be had with rotatable or non-rotatable feature
with a choice of 7 color combinations.

Get all the data! Write for our
new catalog today.

(Illus. approx. 75% actual size)

DIALCO

Foremost Manufacturer of Indicator Lights

DIALIGHT corrorarion

AREA CODE 212 497-7600

60 STEWART AVE., BROOKLYN, N.Y. 11237 .
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Improve your system reliability
by installing GE photoelectric
tape readers

PTR80 (Shown Below) and 90 Series:
—high performance readers designed for
speeds up to 1000 characters per second.
—reflected light reading technique
eliminates problems of variation in tape
opacity and permits reading of both
punched and printed tapes.

PTR60(ShownAbove)and 70 Series:
—reliable, compact, ‘‘through-
the-tape' Readers of field-

proven design.

senenst i@ ecrnic

—choice of reading speeds up to
500 characters per second.

Install them and forget them. GE B simple, complete controls
photoelectric tape readers give lasting W all solid state components
service with minimum maintenance. W tape handlers available for entire

reader line
Numerous options are offered to meet
your special requirements. Mail today

Features include:
B no electrical adjustments
B unidirectional or bidirectional

operation for full details. 837-04A

[ Wil to Ble, 8. 5. Nolities: Printei-Render Hushiase Sauts ) .

| General Electric Co., 511 North Broad St., Philadelphia, Pa. 19123 % Information
\)) Systems

| NamEe h

I' aooress ;

| Printer-Reader

| COMPANY Business Section

, cITY STATE zIP

I 07

i GENERAL &3 ELECTRIC
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site made by The Pfaudler Co., a
division of Ritter Pfaudler Corpora-
tion, Rochester, New York, and
used widely in the chemical proc-
ess industries.

Prior to using Nucerite fixtures,
the Division had a serious adher-
ence problem in its printed circuit
board soldering operation. The
previously used fixtures, holding the
printed circuit boards, were de-
teriorating and picking up un-
wanted solder as they passed
through the solder bath. As a re-
sult, the printed circuit boards were
frequently soldered to the fixture
and were damaged, sometimes be-
yond repair when removed.

The solution was a Nucerite
ceramic-metal  fixture. Clifford
Monfils, manufacturing engineer at
Univac, said, “It really did the job
for us when everything else failed.
We since have ordered 40 addi-
tional Nucerite fixtures.

“Because of the new fixtures
we’'ve increased our production, en-
hanced product reliability, and
saved ourselves a considerable
amount of money. In addition, it
has made it easier on our employ-
ees who work on the soldering line.
They no longer have to stop pro-
duction and remove solder from
the fixture, which is a tiring and
costly task.”

The Nucerite fixtures have been
in operation for about three years
and are still in good condition.
Even when severe mechanical abuse
produces some chipping of the fix-
ture, enough of the Nucerite ce-
ramic remains on the metal to pre-
vent adherence of the solder. There
is no wear at all in the grooves
which grip the printed circuit
boards. This area, which accumu-
lates much solder, was a constant
source of difficulty with previously
used fixtures.

Use of the Nucerite fixtures has
also simplified the conveyorized
system which is in operation now
two eight hour shifts a day, five
days a week. No longer is it neces-
sary to slow down the operation
due to a lack of needed fixtures,
while removing the unwanted
solder which has accumulated on
the base metal.

The four step soldering pro-
cedure is simple, efficient, and re-
liable, After loading in the fixtures,
the printed circuit boards are flux
coated in a mildly activated, rosin
base mixture. They are then passed
over pre-heaters raising the tem-
perature to about 200 degrees Fah-
renheit. The fixtures are then
passed through the top of a solder
wave for 6 to 10 seconds at 500°F.

At the end of the conveyor line,
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the printed circuit boards are re-
moved from the fixture and rinsed
in Chlorothene at 110 degrees Fah-
renheit. They're now ready for mi-
nor touch ups prior to being used
in Univac computers. The fixtures
are then sent back for reloading.
Success of Nucerite in this appli-
cation is attributed to the combi-
nation of unusual physical, chemi-
cal, and thermal properties exhib-
ited by the composite, which is
made up of a specially formulated
ceramic fused to a base metal, in
this case stainless steel. Nucerite
has high resistance to corrosion,
abrasion, impact strength and tem-
perature stability to 1450°F.

AIRBORNE FOLDED ARRAY
MEMORY — Engineers at Indiana
General Corporation, Electronics

Div., Keasbey, N. J., have designed
a miniature memory stack utilizing
a folded array technique to provide
increased reliability. The memory
is for use in the tiny D26]-41 Iner-
tial Navigation Computer being
built by the Autonetics Div. of
North American Rockwell Corp.
The computer in conjunction with
an N16 Autonavigator form the iner-
tial navigation set for the F-111D
and FB-111A aircraft Mark II type
Avionics system.

The D26]-41 is a microminiatur-
ized, general purpose, synchronous,
parallel mode, internally stored pro-
gram digital computer. Measuring
19.75 x 6.50 x 8.0 inches, it occu-
pies 0.59 cubic feet and weighs but
26.4 pounds, including the power
supply and input/output. The
power supply inverts the aircraft’s
28 volts d-c at 160 watts to 115-volt
400 Hz. single-phase current to op-
erate the computer.

Memory is random access, de-
structive readout, protected from
power failure and'transients. The
memory stack is a Microstack®
package, with a storage capacity of
4096 words, 12 bits per word. It is
strung with 30-mil, 0.645 switch-
ing time, wide temperature-range
ferrite cores in coincident current
fashion, four wires per core.

All 49,152 cores are contained in
the one-inch-thick stack which
measures 5 11/16 x 5 9/16 inches.
They are strung on continuous
wires in four mats of 12,288 cores
each, which are folded, one upon
the other, to form the complete ar-
ray. According to Indiana General
engineers, the folded array tech-
nique increases reliability by reduc-
ing the number of solder connec-
tions by 80 percent compared to
conventional frame construction. In
the Autonetics stack, compared to a

[ QUESTION:]

What are the
hang-ups”
with high speed

AtoD

convgrters

That’s a question recently addressed to a group of engineers by
Canoga. The response : “It’s hard to test the unit before you actually hook it
up to a computer—and then if you have any trouble, it really costs
money in computer down-time.” Another typical response: “you
never know when you are over-range.” A third: “They never meet accuracy
or speed specs quoted and they are tough to adjust and service.”

Answer: The new Canoga high speed
Analog to Digital Converter. It over-
comes all of these problems and is
now commercially available. The
Canoga A to D Converter can be
checked and the linearity can be veri-
fied with just a sine wave generator
and an oscilloscope. This built-in self
test reduces worry about potential
computer downtime. Problems of
over-range data are eliminated with
a unique alarm indicator and output
data line which indicates whenever
full scale is exceeded.

Using a patented design with
simple building blocks, this converter
easily meets all accuracy and speed
specifications and is easy to adjust
or service. Solid state and modular in
construction, the Canoga A to D con-
verter combines the speed advantages
of parallel comparison with the im-
plementation ease of successive
approximation.

If you would like a demonstra-
tion, please write, wire or phone Mr.
C. W. Smith, General Manager, at
the address below.

FEATURES:  Model  No. bits* Conversi
® Builtinselftest . time
MW Twostepconversion 109 9 900

_ witherror correction 11, 4,

B Continuous tracking ‘

B No linearity adjustments 115 15
.. o ncudinzsisn

DIGITAL PRODUCTS DIVISION

CanoGa

CANOGA ELECTRONICS CORP., 8966 COMANCHE AVE., CHATSWORTH, CALIF. / (213) 341-3010
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Wh Remex runs.
And runs. And runs.
And runs.

We call it "building block” construction. And it means
that whether you order one of our standard readers or a
special one to fit your particular need, we put it together
with the same basic components. Super-sensitive photocells.
Reliable transistor circuits. All precision assembled
with no moving parts to wear out or break down. In fact,
our customers—the country’'s foremost manufacturers of
numerically controlled systems, automatic test
machinery and computers—tell us that Remex readers are
more reliable than any other kind they tested.
See for yourself. Call us e
at 213-772-5321 or write:
Remex Electronics, 5250 W.
El Segundo Blvd., Hawthorne,
California 90250. Remex
readers. They run and run and
run and run and run and ru
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conventional one - frame - per - mat
stack, the number of necessary
solder joints was reduced by more
than 2500. The entire Microstack,
including the decoding diodes which
are integral with the printed cir-
cuit board cover, weighs 1.25
pounds.
The MIL operating specifications
the stack will meet are:
1. Temperature, —55°C to plus
80°C and MIL E-5400 H

2. Shock, 20 g’'s for 11 millisec-
onds duration and MIL Stand-
ard 810A

3. Vibration, 80 mil double am-

plitude between 15 and 50
cycles, 60 mil double ampli-
tude between 50 and 100
cycles, and 10 g's between 100
and 500 cycles.

The stack can cycle in 2.5 miro-
seconds. Based on a one megahertz
clock, the arithmetic speeds are:
Add —8 microseconds; multiply
—18 microseconds; and divide —18
microseconds. The twelve-bit word
length includes sign/single preci-
sion, but becomes 23 bits including
sign/double precision. Instructions
are 36 plus input/output and modi-
fied instructions.

The navigation computer is con-
structed with monolithic integrated
circuits mounted on multilayer mod-
ules. In addition to the MIL-E-5400
temperature and vibration specs, the
computer is designed to meet the
MIL-I-6181 specs for RFI and EMIL
Cooling is by conduction to the
chassis and external forced air. The
unit features built-in test capability
(BITE), one interrupt and power
control.

FIRST IMPLEMENTATION OF
NEW COMPUTER LANGUAGE —
Dr. Ralph T. Dames, President, an-
nounced that Spectrodata is imple-
menting a new digital computer
language designated Continuous
System Simulation Language
(CSSL). Basic CSSL Specifications
were originally developed for in-
dustry by a committee of Simulation
Councils, Inc.

CSSL is designed to facilitate the
simulation of continuous dynamic
systems on a variety of digital com-
puters. CSSL can be used as a
simple programming tool for the sci-
entific user while still providing the
sophisticated programmer the
power and flexibility needed for a
major programming task. Although
the initial application for CSSL is
in the field of digital and hybrid
simulation, Dr. Dames expects broad
interest in many real time areas,
including bio-medical and the proc-
ess control industry.
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Core after core, plane after plane
...the only difference between
Lockheed stacks is the serial
numbers. This precision means
memory systems using Lockheed
stacks are more reliable.
Reliability begins with each
core’s production and placement.
Lockheed design and quality stand-
ards for cores are so high, many are
rejected that would be acceptable
to other produceis. And our exclu-

sive bonding technique, plus rigid
manufacturing controls, makes core
positioning precise...permanent.

Testing is another way Lockheed
assures reliability. An average plane
in a stack must pass 260,000 per-
formance tests (based on an average
of 16K words per plane) before the
stack can be shipped.

Lockheed also knows your busi-
ness. We make memory systems,
too. So our stack designs are

Lockheed
stacks
stack

Precisely.

systems-oriented...and perform
that way. Plus, Lockheed offers you
a large library of standard stack
designs covering the entire range of
memory systems technology.

B For stacks of additional technical
material, promptly mailed, write to:
Memory Products, Lockheed Elec-
tronics Company, 6201 E. Randolph
Street, Los Angeles, Calif. 90022.
Or save a stamp and call (213)
722-6810.

LOCKHEED
ELECTRONICS
COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
CIRCLE NO. 24 ON INQUIRY CARD
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KEYBOARDS

We also make readouts, switches, indicators,
panel displays, in-line displays and CRT displays.

NEED A SPEGIAL
FUNGTION KEYBOARD?
THAT'S OUR BABY!

B As uninhibited as your needs. Customized for function and
design without the usual price penalties of specials. TEC-LITE
Electronic Keyboard Systems generate any code up to eight
levels, or more, and can provide command controls and indi-
cators on the Keyboard console itself. Note in unique design
above, 10-key numerical input combined with alpha key-
board fordataentry. Designed foraspecificjob, butachieved @ |
with standard TEC Keyboard techniques. Pulse action
TEC-LITEKeyboard Switchesmakeand breakonthedown-
stroke—duplicate the feel and travel of electric type-
writer keys. Bounce-free logic and strobed outputs avail- %
able, too. Average life, 10 million operations. Complete
versatility in style, size, function, output code and elec-
trical connections.

Customized from standard TEC Key- TEC Electronic Keyboards can provide
board System components to fit design special function bars when required. En-
requirements. Here a TEC-LITE Elec- coder circuitry translates information
tronic Keyboard provides 10-key data from switches into input codes up to
entry plus alpha, but without space bar. 8 levels.

INFORMATION DISPLAY
| AND CONTROL DEVICES

TRANSISTOR ELECTRONICS CORPORATION
Box 6191 « Minneapolis, Minnesota 55424 « Phone (612) 941-1100
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KING-SIZED MODEL SOLVES
SMALL DESIGN PROBLEM — Two
IBM engineers seeking to reduce
transmission noise in an experimen-
tal computer device found the an-
swers they needed by creating an
electro-dynamic model of the trans-
mission lines nearly 20 times their
actual size.

Results of the study were de-
scribed last month at the Interna-
tional Conference on Magnetics by
Erich Valstyn, with the Systems De-
velopment Division of International
Business Machines Corporation at
San Jose, California. Co-designer
on the project is Timothy Moth,
with the IBM development labora-
tory at Hursley, England.

The noise problem faced by the
engineers arises only in very fast
systems where a ground plate is
used for current return. Under
these conditions, diffusion of cur-
rent into the ground plate results in
a slowly decaying noise voltage. To
solve the problem, they decided to
investigate three design alterna-
tives: stratifying the ground plate,
keeping the plate at a low tempera-
ture, and terminating the line with
a small resistor-capacitor network.

Initial attempts to work with
the transmission line in miniatur-
ized form quickly met with ob-
stacles. Accurate measurements
were prohibitively time-consuming
and uncertain, and changes required
expensive fabrication techniques
such as vacuum deposition and elec-
troplating.

The designers turned to the task
of constructing a scaled-up model
that would exactly duplicate the
electrical properties of the actual
device. They achieved this by
mathematically increasing the time
scale and the resistivity of the ma-
terials by the same factor as they
applied to the physical dimensions.
A common metal alloy (Cu Ni Zn)
was used to simulate copper in the
transmission lines and ground plate
of the scale model.

Advantages of the scaled-up val-
ues were immediately apparent.
Physical dimensions as small as
three microns in the miniaturized
device now became accessible to
accurate measurement with an or-
dinary micrometer. And line re-
sponses, previously vulnerable to
distortion even from test instru-
ments, were no longer significantly
disturbed by drivers, terminations
and measuring equipment.

By using the scale model as a de-
sign tool, the engineers were able to
establish that all three design
methods were capable of consider-
ably reducing the noise problem.
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aNNOuNcing:
the new standard
of computer diode
reliability

\\

TRODEN

a General Instrument exclusive

Millions of NITRODES currently in customer equipments and
extensive testing have shown conclusively that which had previ-
ously been generally hypothesized:—that semiconductor devices
passivated with silicon nitride rather than with silicon dioxide
would demonstrate unprecedented reliability. General Instrument
NITRODES are the industry's first and only silicon nitride passi-
vated computer diodes. Their inherent reliability is derived from
the total imperviousness of silicon nitride to the migration of
sodium ions, and its extreme chemical inertness. As a result,
many of the most common modes of diode failure — unstable
reverse breakdown, increasing leakage current and the effects
of contamination occuring during chip handling and packaging
—are minimized. In fact, the failure rates measured on NITRODES
are an order of magnitude less than those obtained with oxide
passivated units.

Now in mass production, NITRODES are available in a series of
epitaxial planar diodes having tightly controlled forward charac-
teristics as well as low capacitance and ultra-fast switching
speeds. NITRODES' reliability is parametrically defined by oper-
ational ratings at 175°C, the highest such rating available in
standard diodes today. They are packaged in the popular DO-35
size employing whiskerless, unitized construction. Although
primarily intended for fast switching computer applications, they
are also ideal for general purpose applications including low
power rectification, RF switching, voltage regulation and a large
number of other uses.

Write for full information. (In Europe, to: General Instrument
Europe, Via Turati 28, Milano, Italy.)

LIFE TESTS AT 175°C AND —72VDC
FIGURE SHOWS REVERSE BREAKI

DOWN VOLTAGE
AT 25°C AND 5A AS A FUNCTION OF TIME
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LIFE TESTS AT 175°C AND —72VDC
FIGURE SHOWS LEAKAGE CURRENT AT
25°C AND —20VDC AS A FUNCTION OF TIME

REVERSE CURRENT—nA

o 100 200 300 400 500 600 700 800 900 1000
LIFE TEST TIME—HRS

The figures above show the extreme stability of NITRODES
under high temperature DC blocking test conditions.

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION +« 800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK
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commentary

Comments and opinions on topics of cur-
rent interest to digital design engi-

neering personnel. A monthly column orga-
nized and prepared under the direction of
T. PAUL BOTHWELL, Contributing Editor.

INTEGRATED CIRCUIT FABRICATION:

Where Can Costs Be Sliced?

by

D. E. MARSHALL, JR.

In the past three years, drastic reductions in the price
of integrated circuits have resulted from rapid ad-
vances in high-yield /high-volume fabrication processes,
but this is just the beginning. The numerous esti-
mates predicting future purchase costs cannot be
ignored by the system designer. Let us investigate
how IC fabrication expenses can be cut to help these
predicted costs.

First, consider the cost associated with the various
steps in IC production. The production cycle has been
simplified into six steps:

1. Slice Fabrication and Preparation — including

silicon bar fabrication, slicing, slice lapping and

surface preparation

Slice Processing — including the numerous steps

involved in diffusing the electronic devices into

the silicon slice and interconnecting them

3. Probe Testing — the dc testing conducted on the
circuits prior to assembly and the separation of the
slice into individual circuit chips

4. Package Fabrication — preassembly of the chip
package

5. Assembly — scribing, chip to package attachment,
chip to lead wire bonding, and lidding

6. Final Test — electrical, hermetic, and environ-
mental tests.

Consider an “off the shelf” commercial integrated
dual or quad digital logic gate in a 14-lead flat pack.
Silicon chip size would be about 40 mils square with
500 circuits fabricated on a one-inch diameter slice.

no

Mr. D. E. Marshall, Jr.,, the author of this month’s
CD Commentary, is Manager of the Microelectronics
Circuit Development Department at Honeywell’s Com-
puter Gontrol Division. He has circuit design responsi-
bility in converting the circuit needs of the division’s
computer and modular product lines into integrated cir-
cuitry purchased from major IC manufacturers.
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TABLE I. IC FABRICATION COSTS

Labor and
Function Material Yield
Cost
Slice Fabrication $1.00/slice,
and Preparation 0.2¢ /circuit
Slice Processing $5.00/slice,
1.0¢ /circuit
Probe Testing $2.00/slice
0.4¢ /circuit 60%

Slice Total
Slice Total/good

1.6¢ /circuit

2.7¢ /circuit

circuit
Package Fabrication 25¢ /package
Assembly 20¢
Final Test 5¢ 70%
Total 52.7¢
Total Cost per
circuit 73.5¢

Table I shows approximate costs for the six fabrica-
ticn steps described above. The figures do not repre-
sent any specific process, but are average numbers
showing the relative contributions of the various steps
to the total circuit cost. Actual sell price would be
derived by applying an appropriate markup factor
to cover G & A, profit, etc.

There are a number of places in the fabrication
cycle, particularly during slice processing, at which
rejects may be eliminated through visual or electrical
tests. However, Probe and Final Test are the two
places where comprehensive electrical testing is per-

COMPUTER DESIGN /MAY 1968



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

SO?

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

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

Advantages? Here are some.

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

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

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

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

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

77 CONTEMPORARY
ﬁ ELECTRONICS

4838 West 35th Street,

Minneapolis,

Minnesota 55416 612/920-6444

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY
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Mechanical:

WITHA
DIGITAL OUTLOOK

e,

Model 2060
TAPE READER

Model 1560
TAPE PUNCH

We're mostly mechanical but your control logic will
think we're digital. How come? . . . Your logic can
talk to us on “digital terms” because we don't use
any timing cams or clutches like motor driven equip-
ment. We use a simple ratchet drive, powered by
solenoids, to move tape. Even our solenoids are like
solid-state components—they require no lubrication
and have virtually an infinite life.

Easy-to-interface and easy on-the-maintenance
are just part of our “logical” story. We operate
asynchronously at speeds to 60 characters per sec-
ond, are compatible with all 5 through 8-level EIA
standard paper tape and have optional electronic
packages with power supplies.

For complete information, and the most detailed
data sheets in the industry contact your nearest
Digitronics representative (he's listed in EEM or
EBG) or write Digitronics Corporation, Albertson,
New York 11507. (516) 484-1000.

&> DIGITRONICS

when every bit counts

CIRCLE NO. 28 ON INQUIRY CARD
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formed and most rejects are caught. For simplicity,
the table shows inclusive yields up to these two points.

High Package and Assembly Costs

‘The most striking fact to be seen from this table is
the relatively low cost of the completed slice compared
to the total circuit cost, or conversely, the high pack-
age and assembly costs. This factor is responsible for
many of the developments being undertaken in inte-
grated circuits today.

The epoxy package is a good example. Instead of
mounting the circuit chip in a separately fabricated
kovar or ceramic package, a number of chips are
mounted directly on a multicircuit lead frame and
simultaneously compression molded. This approach
reduces package material costs, eliminates package
preassembly, simplifies wire bonding from the chip to
the package leads, and allows the circuits to be
handled more easily in larger batches during assembly.
Result: a package and assembly cost of about 19¢
for a total good circuit of about 41¢. There are other
approaches being developed which compete with the
plastic package in reducing complexity and cost.

The high packaging and assembly cost has also
intensified the search for low-cost labor in this country
and abroad. Nearly all the assembly cost is labor,
mostly incurred during wire bonding.

Other notable developments being pursued to re-
duce wire bonding costs are the flip-chip technique
and the beam lead technique. Both of these approaches
attempt to replace 14 separate wire bond operations
(for a 14-lead package) with a single simultaneous
bonding operation. The assembly cost reduction po-
tential is about 8¢ to 10¢ a circuit before yield is con-
sidered.

Ultimately, the presently conceived package may
disappear entirely with the development of a well
passivated silicon surface and a selfsupporting, me-
chanically reliable lead technique. The economic ad-
vantages of this approach are evident from the table.

Where to Chop a Chip

Even considering the continuing cost reductions which
are occurring in IC packages, for the example given,
the processed slice cost is still only about ten percent
of the total. It would seem likely that more perform-
ance per dollar would be obtained by adding more
gates to the chip and making use of the added logic
capability. This, of course, is what is happening in
the new product releases in functional circuits. If
yield and probe test costs were unchanged, a 60 mil
square chip with the functional equivalent of 16 gates
costs 6.1 cents through probe test since the number
of circuits per slice is reduced from 500 to 220.
There are basic limits on how far chip area can be
increased without affecting slice yield and test costs.
First of all, slice yield can be attributed to two general
types of defects: gross defects in which large areas
of the slice are affected, and point defects in which
areas much smaller than the chip are affected. Slice
yield is independent of chip size for the first type of
defect until very large areas are reached. However
there is a much stronger relationship between chip
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area and yield for point defects. A good approxima-
tion is:
¥ —=0.8eN4

where Y is slice yield, A is chip area in square mils,
and N is about 2 x 10-%. For the 40 square mil chip
previously discussed, the contribution to slice yield
loss is about equal for gross and point defects. Above
60 square mils, point defects predominate and severly
reduce yield and increase slice cost.

At 120 mils square (about 70 gates), slice processing
yield is so small that the cost-performance ratio be-
comes unfavorable with present fabrication techniques.
If present trends continue, the constant N will be
pushed out at a rate of about 10 to 20 percent per year.

Bigger Circuit smaller Market

Secondly, more logic per circuit means a direct reduc-
tion in circuits per system, a smaller market, and re-
sultant higher sell price. An additional market reduc-
tion occurs because the logic must be more committed
and therefore is useful in a smaller number of appli-
cations. A higher logic complexity also means in-
creased test time at both Probe and Final Test. The
simple circuit first described may require 20 dc tests
at probe and the test time is essentially all in sequenc-
ing from circuit to circuit on the slice.

For committed logic the number of functional tests
required increases at a greater rate than the number
of gates, and may approach a 2k rate of increase, where
k is the number of functionally related inputs. The

ANOTHER REASON

T0 SPEC

IN ADDITION TO THE EMC I.C.
LOGIC CARD LINE —

A PLUG-IN DISPLAY
MODULE FAMILY

THE DB-1202

Here’s a versatile set of display modules
which employ the popular end-view glow
type display tube. At full capability, the
card will accept a pulse train and accumu-
late the count of pulses to any selected num-
ber up to 10. With its integrated circuit dec-
ade counter and IC gating module, the card
has the ability to act as a divide-by-N count-
er (resetting at the count of N). The output
of the counter module is fed, via level shifter
circuitry, to an integrated circuit decoder-
display driver module which operates the
decimal display tube. Ten digits from 0
through 9, plus a decimal point, are avail-
able in the tube. The card is 1-11/16” high
by 314” deep with the display tube socket
mounted on the end of the card by means of
brackets. Voltage requirements are +5 volts
and 200 volts. Alternate arrangements of
the card provide only a BCD-to-Decimal de-
coding and display tube driver function.

THE DB-1203 (with memory)

A family of plug-in cards, using the same 20-pin edge
connector and the same card size and construction, is
available to provide a display memory function in
addition to the counting function of the DB-1202.
Transient BCD information may be transferred to
this card and displayed independently of the source
until a new set of information is accumulated.

BNEEMEENOEE ENMC
.. EE. COMPONENTS
EEEREREBAMEMEN ovisoN

P.O. BOX 141 TIMONIUM, MARYLAND 21092
TWX 710-862-2638 » 301-666-3300
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W s
Save time
in testing and
trouble-shooting

New, convenient test

point strip also serves
as PC board handle

This unique component offers ready access to de-
sired portions of the circuit without the use of
jumper cables. Rapid mounting is accomplished by
manual positioning, and the unit is secured perma-
nently in the wave solder operation.

Low-loss polyamide body provides insulation
resistance greater than 200 megohms after MIL-T-
5422B humidity test. Individual test points rated
5 amperes maximum current capacity. Operating
voltage 1500 volts RMS at sea level, 350 volts RMS
at 50,000 feet. Contact resistance under 2 milliohms.
Capacitance between two adjacent jacks less than
I pfat 1 MHz. Special sizes for specific application
requirements are available in production quantities.

Write today for more information on this and
other E. F. Johnson quality electronic components.

”::IIIIII

E.F. JOHNSON COMPANY

6652 Tenth Ave. S.W., Waseca, Minn. 56093

Providing nearly a half-century of communications leadership
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same considerations apply to Final Electrical Test.

Catch them Early

Success in achieving minimum cost is dependent on
eliminating defective units as early as possible in the
production cycle. Referring to the table, the final test
field of about 70 percent reflects yield loss due to
fabrication operations after Probe Test. However,
there are a number of situations in which a high per-
centage of the defective chips are not caught at probe
test.

A common problem is catching ac parameter rejects
since probe testing is presently limited to dc and func-
tional testing only. Some correlation exists between
dc performance and ac performance in relatively
simple integrated circuits. In the majority of off-the-
shelf circuits, the ac specifications are broad enough
so that most of the ac rejects can be detected by dc
testing. In high-speed gates, particularly those that
utilize saturated switches requiring a gold doping
process, this is not true, and final test yields are con-
siderably less than 70 percent. If this yield falls to
509, total circuit fabrication cost increases to $1.05
for the example in the table.

Since it is rarely possible to test as accurately at
probe test as at final test, any circuit parameter which
is specified close to the process distribution peak may
not be caught at probe test. To minimize test cost,
probe tests are conducted at ambient temperatures
only, introducing an additional source of error if the
specification includes a significant operating tempera-
ture range. For a tightly specified circuit, test limits
at probe are a compromise between guard banding
to reject as many valid rejects as possible and widen-
ing limits to avoid rejecting good units due to measure-
ment errors. The classic “out” of the above problem
is the double or triple selection level at final test into
“Military”, “Industrial”, and sometimes “Limited
Temperature Range” versions.

Since only the area of the chip which has a device
on it is susceptible to the point defects previously
discussed, reducing component size will improve slice
yield. Bipolar components are likely to see a four-to-
one reduction in size over the next several years. The
MOS transistor has a much smaller area in addition
to a simpler process (about one-third the slice pro-
cessing steps). For well organized functions requiring
low interconnection area, the smaller MOS device area
is taken advantage of in an order-of-magnitude in-
creased functional complexity compared to bipolar
circuits.

Summary

IC production technology has reached the point where
the cost of the basic electronic device is small com-
pared to the interconnection and packaging media for
high volume standard circuitry. The result has been
a two fold effort to reduce lead and package cost
through new developments and cheaper labor; and to
provide more performance per dollar using larger,
more costly chips with greater logic power. Since slice
processing yields will continue to improve, these trends
will continue through the foreseeable future.
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RCA announces

Medium-Power DTL
CD2300 Line

at economy prICGS 45 types / 3 package styles / 2 Temperature Ranges

Gates / Expanders / High Fanout Gates

Clocked Flip-Flops / Hex Inverters

2Ka and 6Kq Output Pull-Up Options

e For Your Military Applications:
CD2300 Series—15 circuits in RCA’s Unique
Ceramic Flat Package.
CD2300D Series—15 circuits in RCA's Unique Ceramic
Dual In-Line Package.

o For Industrial and Commercial Applications:
CD2300E Series—15 circuits in RCA’s Dual In-Line
Silicone Package.

® Compatible with RCA CD2200 and 2200D Low-Power DTL Series.

exact replacements for 830 and 930 series DTL

-55°C to +125°C Operation 0°C to +75°C Operation
14-Lead Price 14-Lead Ceramic Price 14-Lead Price

Circuit and Ceramic (1000 Dual In-Line (1000 Dual In-Line (1000
Pull-up Option Flat Pack Units) Package Units) Silicone Package Units)
NAND Gates

Dual-4 Expandable (6KQ) CD2300/930 $2.50 CD2300D/930 $2.50 CD2300E/830 $1.05

Dual-4 Expandable (2KQ) CD2301/961 $2.50 CD2301D/961 $2.50 CD2301E/861 $1.05

Dual-4 High Fanout,

Expandable (transistor

output pull-up) CD2306/932 $2.75 CD2306D/932 $2.75 CD2306E/832 $1.15

Dual-4 High Fanout

Expandable (no output

pull-up) CD2307/944 $2.75 CD2307D/944 $2.75 CD2307E/844 $1.15

Triple-3 Input (6KQ) CD2308/962 $2.75 CD2308D/962 $2.75 CD2308E/862 $1.15

Triple-3 Input (2KQ) CD2309/963 $2.75 CD2309D/963 $2.75 CD2309E/863 $1.15

Quadruple-2 Input (6KQ) CD2302/946 $2.75 CD2302D/946 $2.75 CD2302E/846 $1.15

Quadruple-2 Input (2KQ) CD2303/949 $2.75 CD2303D/949 $2.75 CD2303E/849 $1.15
Hex Inverters

Diode Input (6KQ) CD2310/936 $2.90 CD2310D/936 $2.90 CD2310E/836 $1.45

Diode Input (2KQ) CD2311/937 $2.90 CD2311D/937 $2.90 CD2311E/837 $1.45

Expandable Input (6KQ) CD2312 $2.90 CD2312D $2.90 CD2312E $1.45

Expandable Input (2KQ) CD2313 $2.90 CD2313D $2.90 CD2313E $1.45
Flip-Flops

Clocked RS with

JK Capability (6KQ) CD2304/945 $3.00 CD2304D/945 $3.00 CD2304E/845 $1.90

Clocked RS with

JK Capability (2KQ) CD2305/948 $3.00 CD2305D/948 $3.00 CD2305E/848 $1.90
Input Expander

Dual 4-Diode CD2314/933 $2.25 CD2314D/933 $2.25 CD2314E/833 $ .90

Ask your RCA Representative for details. See your RCA Distributor for his
price and delivery. For technical information, write Commercial Engineering,
Section 1ICZB-5, RCA Electronic Components, Harrison, N.J. 07029.

RGN

Integrated

Circuits
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A low-cost remote terminal to provide switch-form output from a
time shared computer is described. The terminal consists of a
modified model 35 KSR teletype and a local memory unit. The unit
18 independent of any particular computer, and is easy to test
and maintain. The states of the memory control and memory
words are observable directly by indicator lights. An application
of the memory to automatic set-up and control of an analog

computer is included.

The problem of retrieving informa-
tion from a time-shared digital com-
puter is typically met in several
ways; e.g., printers, punched cards,
and magnetic tape. For many ap-
plications it is desirable to have ac-
cess to digital information in the
form of switch settings (or states).
This permits local decisions to be
made regarding the use of such in-
formation. For example, a terminal
which has a keyboard and a bank
of switches under digital computer
program control, permits symbolic
manipulation and control of local
hardware, as well as computer anal-
ysis of experimental data in the
laboratory. It is the purpose of the
equipment described in this article
to provide such a terminal at low
cost. The terminal itself is ulti-
mately connected to an on-line
time-shared digital computer.

As an example of the use of such
a memory, we briefly describe the
ENPORT program,! and its asso-
ciated output. The ENPORT pro-
gram is designed to simulate the
time behavior of certain classes of
multiport engineering systems, such
as hydraulic, mechanical, and elec-
trical circuits, and systems involv-
ing measurement and control. De-
scription of a particular problem
requires relatively little informa-
tion (e.g., the system structure, par-
ameters, initial conditions). The
available output includes time his-
tories of powers, energies, and sig-
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A LOW-COST OUTPUT TERMINAL
FOR TIME-SHARED COMPUTORS

RONALD C. ROSENBERG
DANIEL W. KENNEDY
ROGER A. HUMPHREY

Project MAC
Massachusetts Institute of Technology

for and

nal quantities such as voltage, force,
and velocity. An analog computer
is masterful at displaying such in-

ponents maintenance,
partly to minimize cost. Among the
restrictions were that:

formation, once it has been set up.
Setting up involves wiring, setting
coefficients, and scaling, none of
which tells the engineer what he
wants to know. However, using
ENPORT to set up a local analog
computer automatically permits the
engineer to describe his problem
in physical terms, and quickly scan
the full variety of output data.

1. The terminal equipment must
be entirely local, communicat-
ing with the digital computer
only by a single telephone
line;

2. The memory unit must be
compatible with a standard
model 35 KSR teletype unit,
which provides the keyboard
and printer functions, as well
as modulating and demodulat-
ing equipment for transmis-
sion and reception. In particu-
lar, this implies that the mem-
ory unit must operate at tele-
type-compatible speeds (as a

TERMINAL DESIGN CONSTRAINTS

Several restrictions were placed on
the nature of the terminal, primar-
ily to ensure easy access to com-

TIME-SHARED
DIGITAL COMPUTER

VA
— DATA MEMORY UNIT AUXILIARY
— o e Pl PMEN
TELETYPE = L gl
DATA (ANALOG
| CONTROL WORDS
FRINTER | MEMORY COMPUTER)
A
KEYBOARD | } DISELAY)
e J LOGIC
DEMOD 2 |

Figure 1. Major terminal components, showing information flow.
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Figure 2. A remote terminal set-up.

- 1
H H MEMORY WORDS
Y
all H i CH
Wi
all H = htd
e
A T 1A
: ANALOG UNITS
00 040 |
DISPLAY CONTROL . i
EQUIPMENT [ aNR b ] L
OSC cs E
d WR Y
R AT -
g
CR-CS w l J
PWR PWR
I h T (I ]
A - Analog Unit OSC - Oscilloscope All connecting cables are
CR, CS - Analog and Display Controls PWR - Power Supply labeled with lower case letters
JB - Junction Box TTY - Teletype (a to h).
L ~ Logic Unit w - Memory Word Unit (See Appendix for details.)

Figure 3. Diagram of terminal equipment, showing functional units and connections.

==1-

INPUT

(Switches set by
teletype, from
program or keyboard)

5
e

SWITCH
GND-18V CYCLE BIT BIT BIT
PULSE 1 2 6
‘—W—J
POWER K ]

R i

OUTPUT PULSES

(Data to Logic Unit)

Complete cycle - approximately 100 ms.

Cycle switch closed - approximately 30 ms (adjustable).

Figure 4. Input circuit from teletype to logic unit.

minimum), and from standard
teletype code.

The device which meets the
above restrictions is a local, low-
speed memory unit that is inde-
pendent of the type of computer.
Teletypes are relatively inexpensive
devices that are fairly well-suited to
computer keyboard communica-
tion. Some indication of the cost of
nonstandard parts for the memory
is presented in Appendix A.

TERMINAL SYSTEM

The major components of the ter-
minal system are shown in Figure 1
in terms of the information flow.
Between the teletype and the digi-
tal computer there is a bilateral
channel. The logic unit monitors
all teletype communications, either
received from the computer or gen-
erated by the keyboard, and re-
sponds to certain control characters.
When the logic unit accepts data,
they are used to fill the data mem-
ory. The memory contents may be
used as required to control auxili-
ary equipment.

A picture of the terminal is
shown in Figure 2. Figure 3 depicts
the functional units and their con-
nections. Also shown are compo-
nents of an analog computer which
is described in Section III. Appen-
dix B describes the cable functions,
and explains the addressing system
built into cable “d”.

Teletype Unit

The teletype is a modified Model 35
Keyboard-Send-and-Receive (KSR)
with a set of read-out switches to
make available eight bits of coded
information per teletype character.
Of the eight available bits, the logic
and data memory use a subset of
six bits, for which a full count (0
to 63 in binary form) exists. The
maximum transmission rate for
teletype characters is about ten per
second.

The input circuit to the logic
unit from the teletype is shown in
Figure 4. This connection is cable
“a” of Figure 3. Detailed informa-
tion on standard teletype codes and
cycle operation is available else-
where?. It is possible to inhibit or
enable the printing of information
intended for the memory by use of
the printer control characters of the
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teletype. The memory may be
loaded directly from the keyboard,
which is useful for testing and
manipulation purposes (e.g., even
if the computer is not operating it
is possible to load the memory).

Logic Unit

The logic unit receives its informa-
tion from the teletype. Use of the
information depends upon the logic
unit state and the reception of
several special-purpose machine
commands listed in Table I.

The three machine command
characters for the logic unit set the
states START and STOP, and reset
the cycle counter to ADDRESS.
The cycle counter automatically ad-
vances the internal state from AD-
DRESS to LEFT to RIGHT (and
so on), one step per set of input
data. Figure 5 shows a schematic of
the logic unit.

In addition to the teletype (ex-
ternal) input which is normally
used, the unit is equipped with a
set of toggle and control switches
to permit the manual input of data.
This feature has proven useful for
test and debugging purposes. The
front panel also has a set of lights
which show the state of the logic
unit, and the value of the current
data word.

—-l— EXECUTE
il

TABLE |
Machine
Command Function
START enables the logic unit to process all subsequent input
characters (stable until changed);
ADDRESS sets the internal counter to interpret the following input
character as an address;
STOP ignores all subsequent input characters except START

command (stable until changed).

After a START command has been received, the following internal
machine states may exist:

Machine
State Description
ADDRESS use the next input character to select a data memory
word;
LEFT use the next character to load the left half of the presently
addressed word;
RIGHT use the next character to load the right half of the pres-

ently addressed word.

EXECUTE

OPEN
GATE

DECODER

CLOSE
GATE

A @
[ PSR,
R

CYCLE
COUNTER

ADR BUF 3
(12] DRBDF Ju2ds
W DRIVERS
06
d DATA
N 5 Le _)c L3 e DATS (6)
) G‘:_}E DRIVERS
. + IR 0
- /
SELECT L
DL U7 LI
DRIVER
SELECT R
(1) ELECy (0]
DRIVER
D
E
¢
8
E +
R

SYMBOLS*
S.T.=SCHMIDT TRIGGER
0.5.=0NE SHOT

GATE FF=GATE FLIP FLOP

FCN FF=FUNCTION FLIP FLOP
(®)=AnD 6aTE
@:on GATE

———<=LEVEL SIGNAL
—==PULSE SIGNAL

(®=NverTER

Figure 5. Logic unit schematic.
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NOTES:
A= ADDRESS
L=LEFT
R=RIGHT
START=ADMIT DATA
STOP=INHIBIT DATA
ZERO=CYCLE TO A

T=TOGGLE INPUT
d

DROP
E m & " oRIE -
DRIVER

W=PULSE SHAPER FOR THE 0.5
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Data Memory

Each data memory word consists of
ten bits — nine single-pole and one
double-pole (or sign) bit. All bits
are self-latching, as may be seen
from Figure 6, which is a circuit
diagram of a word of memory.
When a word is addressed, its pres-
ent contents are erased or dropped
(i.e., the drop line is activated) in
preparation for loading the left
half (bits S, 1 to 4), and then the
right half (bits 5 to 9).

Each memory chassis contains
two words, whose addresses differ
only in the final bit. All the mem-
ory word chassis are interchange-
able, because the addressing is done
by the wiring in cable “d” (see Fig-
ure 3). Although only thirty-two
addressable words have been built,
the system is designed to allow
sixty-one or sixty-four words if the
logic control characters are modi-
fied suitably. Figure 7 is a photo-
graph of a memory chassis, indicat-
ing the common input block for
the pair of words. The components
are mounted on printed circuit
boards.

Output from each word is avail-
able at the front panel as sets of
terminal pairs, and in the back on
a 24-pin connector. The state of
each bit is shown by a light. A pro-
gram written for the Project MAC
IBM 7094 computer allows testing
of the memory by an easily used
set of commands. The author is
Stephen Braunstein, an M.L.T. un-
dergraduate student. Instructions
for the use of the program are
shown on the opposite page as part
of an on-line interactive exchange
between program and user. Be-
cause the basic program was written
to operate on the M.I.T. time-shar-
ing system, where certain modifica-
tions have been made to the tele-
type code and FORTRAN Monitor
Systems (FMS), listings are not in-
cluded here.

AN APPLICATION — AUTOMATED
ANALOG COMPUTATION

This section describes using part
of the memory to set up (program)
an analog computer by means of a
digital computer. As anyone who
has worked with analog computers
knows, the problems of set-up (e.g.,
wiring) and scaling (e.g., adjusting
coefficients and integration rates)

LOADGO MTEST TBIT
W 1008.5

NEED BR CLOCK
R 10.033+.833

USE BRCLOK
W 1008.9
EXECUTION.

"MEMORY' WILL LOAD, CLEAR, AMD THEN LOAD MEMORY.
'"CLEAR' WILL CLEAR MEMORY.
'RAMP12' WILL GENERATE RAMPS WITH INTEGRATORS 1 AND 2,
'"RAMP34' WILL GENERATE RAMPS WITH INTEGRATORS 3 AND 4.
'SELF' WILL SET UP A FIRST ORDER SYSTEM FOR EACH INTEGRATOR.
'0SC12" WILL SET UP AN OSCILLATING SYSTEM WITH INTEGRATORS 1 AND 2.
'0SC34' WILL SET UP AN OSCILLATING SYSTEM WITH INTEGRATORS 3 AND 4.
'MEMO', WHERE '0' IS AN INTEGER 1-6, YILL PERFORM THE MEMORY TEST
ON ONE OF THE SIX VERTICAL WORD BLOCKS.
'"CLEARO', WHERE '0' IS AN INTEGER 1-6, WILL CLEAR OME OF THE
SIX VERTICAL WORD BLOCKS.

INITIAL CONDITIONS OF INTEGRATORS=--

INTEGRATOR 1.C
3 +30
2 +10 (This is reference information
3 =10 for signals on the analog display.)
4 =30
GO AHEAD..
LEFT DATA 1 DATA 2 BITS2-9
/ ARE THE
SELECT ey 2V ARE THE
o—f- BIT 1
RIGHT
SELECT ;
S s 8]
ot 3
i
ADDRESS
o—pp— oy 6V
o l T TosTs2,3,4
o—b} Ll } i TOBITS 5709
2y 2 TO ALL BITS
3
DROP e AN BIT !
ol SIGN
o—}
= 51T LOADED SIBEBNERRANE
P LEFT SELECT =[x [
RIGHT SELECT SEmERPAAe
IN 1 50
ALL INPUTS ARE EITHER GND OR =18V, DATA LINE
Figure 6. Schematic of a memory word part.
[ - i
5
"' o
' -
—-—
18 4
-

1 2 S 5 & e 9

és -

Figure 7. A local memory unit.
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-

Si(o)

Vref
Initial Condition: SZ(O) = 9 * Vref

‘4
Integral Form: Si(') = Si(O) + J’E i Si(r)'dt

o =1
4

Derivative Form: ds/d' (0] =E uiisi(t) i Si(O)

=1
Figure 9. Analog integrator unit block diagram,
and associated system equations.

are not trivial; even when the prob-
Figure 8. An analog integrator unit. lem is linear.

Purpose Of Analog Computer

The particular analog computer
described in this article was used
to simulate simple linear dynamic
systems. The principal purpose was
to display on a screen the wave
forms of key variables in a rapid
fashion. The remote terminal,

+ouT -out equipped with such an .automatic
2 P display facility, was used in an auto-
INPUTS 2 Ry mated teaching experiment con-
——AAA— . .
. cerned with dynamic system be-
$7 R haviors$.
S3 2W K2w
: Analog Computer
4
The analog computer design was
3%V o sfrongly inﬂuenc‘ed l?y the organiza}-
tion of the Philbrick K5-U Uni-
versal Linear Operatort. A fourth-
" : order, completely coupled linear
¢ oot Aplitipn Syl system can be simulated, by the use
CB - blocking capacitor First stage = integrator (K2P stabilized) );. v ‘4 % y
Ry to R4 - inverter and adder resistors Second stage - adds the initial condition o fOUF identical sumr'nmg lnteg_.ra_'-
TCB - franseonductar blook Thirdstage . =inverts the positive:slgnal tor units, whose coefficients and ini-
TcBl - transcanductor block fo inifol tial conditions - are set by the
condition

(digital) program. The analog and
display units are shown as terminal

Figure 10. Schematic of an integrator unit. system componenf‘s ’i,n Figure 3. In

particular, cable “e” provides con-
trol data from the memory for the

analog units, and cable “g” presents
the variables to the display unit.

w
'

the cycle switch (closed is reset to zero)
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1 2 3 4 5 6 7 8 9 BIT
500K M 2M M 8M 16M 32Mm 64M 128M  RESISTANCE
—o INPUT SIGNAL
l L (Vin)
{‘ 470 510 1.8M < 750 750 750 750 750 750
/(50 500 500 5’ 500 500 500 J( 500 500 Jr 500 (POTS)
R IR
510 160 75 33 I } 16 75
My | mg MY | MY | M MY
0 GND LINE
j SUM LINE
All resistance values are K ohms unless specified otherwise. M = megs. — (iouf)
9 bi = boolean variable for the ith switch
i =g-*V. ,6 whereg = b gy
out in’ i e 9, = conductance of ith bit
Figure 11. Schematic of a transconductor.
Figure 8 shows an analog integrator TABLE 1l
unit. Figure 9 shows a block dia-
gram for an integrator unit, and :
indicates the form of system equa- Fetpiaple i S S S
tions. Figure 10 is the integrator
: : ; ; A A A
unit schematic, and Figure 11 gives s “ As %
det.axls.of a transconductor block, Ay, Ags Ass A
which is the memory-controlled co-
efficient. Ais Agg Ags Ay
The repetition rate was fixed at
twenty cycles per second due to Asq Azy Asgq Ay
match the display equipment. How- Initial
ever this rate may also be brought 2 Ass Ags Ags Ays
Conditions

under program control by provid-
ing a switch-controlled set of inte-
grating capacitors; an easy matter
with the present equipment. This
would extend the dynamic range
of systems which could be simu-
lated.

For the particular application de-
scribed here, the memory words
were connected to the analog units
in a pattern which allowed direct
observation of the analog computer
set-up from the memory front panel
lights. Each column of memory
words contains the four input co-
efficients and, at the bottom, the
weighting factor for an initial con-
dition. A five-by-four block of mem-
ory words was wired as shown in
Table II.

The information transmitted by
the digital program for display gen-
eration was near a minimum, since

These coefficients refer to the equation in Figure 9.

only structural and parametric data
(plus initial conditions) had to be
sent. A second-order system might
require six data words plus a few
control characters, and the -com-
puted time response could be dis-
played in less than four seconds
real-time. A closely coupled third-
order system might require about
seven seconds to set up.

In the present version of the
analog unit the memory output is
wired directly into the transconduc-
tor units, as shown in Figure 12.
This introduces wires of some two
to three feet in length into the
integration circuit. The distributed

resistance and capacitance of these
conductors is not negligible, and de-
grades accuracy considerably. Some
tests which used the memory to set
closely coupled transconductor re-
lays (i.e., relays mounted right in
the analog units) have indicated
that excellent accuracy can be ob-
tained by this modification.

Display Generation

The equipment used to multiplex
the four analog signals for display
is a standard Philbrick CR and CS
display package*. This equipment
superimposes the four input signals
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on a time-voltage grid, generates
synchronized computing control
signals, and displays the results on
an ordinary single-beam oscillo-
scope.

In the absence of such display
equipment it is possible to design
one’s own computing control and
display unit, and feed the results
into a standard oscilloscope. In this
latter case, the time and voltage
line would probably be replaced
by the standard scope grid, and
some simple manual calibration of
the display would be necessary.
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A WORD OF THE LOCAL MEMORY

\

L0 Ol Q= O
_‘\1 4 g8 .9

R R T PR v

LIGHTS

BIT
SWITCHES

512 128 64 32 2 ]
>
l ;
= o+ T — i
LR 1
RELATIVE C ONDUCTANCES —
INPUT QUTPUT
ANALOG C OMPUTER C OEFFICIENT BLOCK
INPUT DATA BITS OUTPUT
VOLTAGE SWITCH POSITIONS CURRENT, i
s 0 000 000 000 Os
s 1 000 000 001 -1s
s 0 000 000 011 s
s 1 110 000 000 -768 s

Figure 12. Technique used to set analog coefficients.

Appendix A — Cost Information For
Non-Standard Equipment

Memory Words — 34 units

Reed switches and coils $813.00
Lights and clips 264.50
Circuit components 473.20
Connectors 266.00
Fabrication of chasses 271.50
Printed circuit boards (drilled) 217.30
Miscellaneous hardware 102.50

TOTAL e
Approximate cost per bit $ 7.06

(34 at 10 = 340 bits)
Logic Unit
Standard CCC components and mounting racks

Power Supplies (2)
TOTAL

* Exclusive of labor for assembly of components.

$2,407.50*

$1,300.75*

$ 2385.04*

$3,943.29*

Continued

COMPUTER DESIGN /MAY 1968



Appendix B — List Of Cable Functions

CABLE FUNCTION SUMMARY LIST

Cable No. Lines Signal Information

A 8 Six input character bits, cycle switch

B 8 Continuation of cable A

C 21 Six address bits; six address complements; six
data bits; drop, select left, select right

D 21 + 3 Same signals as C, plus +6V, —18V gnd

E 12 Common pole connection; + and — sign bits;
nine data bits

10 7 Analog unit power (% 30V, £300V, 6.3 VAC,
gnd)

G Four analog output signals; relay control

H Horizontal and vertical sweeps; flyback

suppress; ground

DETAIL OF MEMORY CABLE C

ADDRESS BITS DATA DROP

Al A2 A3 A4 A5 A6 BITS SELECT LEFT

100 10 0 10 10 - 10 123456 SELECT RIGHT
(i | 1
CAE AR
Vle e | kT DATA FUNCTIONS
Ll g i : |
Al iy 1 DATA
gy !
§ e owm e | WORD
| | : " Y + (]) ADDRESS
! L [TH 9
| : oy | ol
| T P
P L INPUT
| : | | | I JUMPER TO
| : | | | " WORD 110101

CIU v gy | | CABLE C
i 1 R R i

* See Figure 3 for reference.

END

Any day now
you computer
people will
make an
incredible
discovery:

us.

Nobody has made custom
power supplies longer than
Varo.

Or with a better
performance record.

Or to tougher mil specs.

Funny we haven’t crossed
paths with you folks.

Funny?

It’s incredible!

Let’s discover each other.
Write Rex Carter, Varo,
Inc., Static Power Division,
1600 Dallas North Parkway,
Plano, Texas 75074.

TWX 9108605640
TELEX 73-2713

VARO

CIRCLE NO. 32 ON INQUIRY CARD
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The method presented in this article will always yield a design
solution to “any” sequential machine. When intuition in the design
fails the designer will find this method to be an invaluable tool.

AN ALGORITHM FOR SEQ

This article aims to provide the engineer with a
simple step by step procedure for the design of various
digital subsystems. Subsequent to the statement of the
design algorithm, two examples are given: a Modulo-7
counter using T flip flops as storage elements and a
digit sequence detector using TTL logic blocks and
SR flip flops.

An important feature of the algorithm is that the
solution obtained for a problem is in no way de-
pendent upon the “type” of logic utilized in the de-
sign. The solution obtained from the algorithm is in
general form, and therefore whether the sequential
circuit is configured using AND/OR, NAND or NOR
logic incorporating discrete logic elements, RTL,
DTL or TTL, etc. is left solely to the discretion of the
circuit designer.

The term sequential machine is normally used to
describe the class of networks whose output, at any
instant of time, is determined not only by the present
input to the machine, but also by the present internal
states. The present state of the machine is determined
by the “condition” of the memory elements of the
machine, i.e. relays, flip flops, magnetic cores; namely,
whether they are on or off, store a “1” or a “0”, etc.
It is to be noted that these memory elements have
been placed into their present state by previous inputs
and conversely the present input to the machine will
determine the next state they will be in.

In general the synthesis (or design) of a sequential
circuit consists of the following steps, as shown in the
flow diagram of Figure 1.

Sequential Machine Synthesis Algorithm

1. Translation of the verbal problem into a state dia-
gram.

A pictorial presentation is prepared which contains a
number of circles, each of which indicates a state the
machine may be in. These circles are numbered from
1 to n, where n indicates the number of possible con-
ditions that may be encountered.

2. Reduction of the number of states and construction
of a reduced state diagram.

46

Since the initial state diagram is merely a translation
of the verbal statement of the problem, it does not
necessarily yield an economical minimum state repre-
sentation. A reduced state diagram is obtained by
examining whether several states are equivalent to
each other and may thus be merged into a single state.
3. Construction of the reduced state table from the
reduced state diagram.

Since from this point on it is more convenient to work
with tabular representations of the state diagram, a
table is constructed which consists of one row per
state, indicates the present state number in the first
column, the “next state” number in the second or
third column (depending whether one arrived in that
particular next state when the input to the machine
was 0 or the input was 1) and a last column which in-
dicates the output of the machine corresponding to
each state.

4. Assignment of the states of the memory elements
to the internal states of the machine.

We normally number states in a manner that is con-
venient to us, such as 1, 2, 3 . . . n, but since our
storage elements are normally binary devices we must
code the state in binary form, such as 1 may corres-
pond to 000, 2 may correspond to 001, etc. or any other
coding as may be desired as long as enough binary
digits are used to represent the total number of states
to be encountered.

5. Selection of the memory element to be used in the
synthesis, i.e. relays, S-R flip fleps, J-K flip flop, etc.
This selection will depend on speed considerations,
cost, or apparent functional suitability.

6. Generation of the excitation table for the particular
problem.

Subsequent to the state assignment it is known how
many memory elements are required but it is not
known how they are to be interconnected or “excited”
to take on the various states in the proper sequence
as required by the original statement of the problem.
Entries are placed into the excitation table in accord-
ance with the requirements of the “present state to
next state transition” input requirements of the par-
ticular memory element selected.

COMPUTER DESIGN /MAY 1968



M. A. ETTINGER
G. W. JACOB

Sperry Gyroscope Division
Sperry Rand Corporation
Great Neck, N.Y. 11020

7. Generation of the memory element input or ex-
citation equations.

The excitation table contains the information which is
required to obtain a Karnough Map (or equivalent)
logic minimization thus obtaining the excitation equa-
tion for each logic element.

8. Generation of output equations.

Since outputs are to be obtained only in particular
states a similar process as in 7 is used to obtain the
output equation.

9. Drawing of circuit configuration.

VERBAL
PROBLEM

STATE
DIAGRAM
?

REDUCED

NOT
REDUCED

MERGE
STATES

REDUCED
STATE
DIAGRAM

SECONDARY
ASSIGNMENT
SELECTION
OF MEMORY o
ELEMENTS )

v

CIRCUIT LOGIC
EQUATIONS DIAGRAM

Figure 1. Sequential machine synthesis algorithm.

Example 1 — Modulo-7 Counter

The design of a digital counter is quite simple when
the desired count is binary, i.e. 2,4,8. . .2°. However
when the count is not binary, the problem becomes

UENTIAL CIRCUIT DESIGN

much more involved due to the feedback requirements.
Let us design a counter which gives a 1 output for
every seven input pulses. This circuit is commonly
referred to as a Modulo-7 counter. The block diagram
and timing waveforms are shown in Figure 2.

MODULO-7

COUNTER > Z

X —

(a.) BLOCK DIAGRAM
1 2 3 4 5 6 T 8

(b.) TIMING DIAGRAM

Figure 2. Modulo-7 counter.

Figure 3. State diagram.

1. The symbology used in the state diagram is self-
evident (see Figure 3). It is assumed that the machine
is initially reset; that is, the machine is initialized to
state S; on turn on. State S; is referred to as the
present state for time t, and denoted P.S. The output
associated with state S; is Z = 0 and denoted S; . If
the input, denoted X, is 0 the machine stays in state
S, and its output denoted by Z is 0. However, an input
X =1 causes the machine to go to state S, again with
an output of 0. The remainder of the states follow
in this manner until state S; to which we associate an
output of 1. Note that this machine is commonly
referred to as a Moore machine.?

2. Reduction of states of state diagram. Two states
Si and Sj are equivalent and could therefore be re-
duced to one equivalent state if and only if BOTH states
Si and Sj will go to the next state Sm for input X =0

47



and state Sn for input X = 1 and the outputs associated
with these states are unchanged. In this case, however,
no further reductions exist.

In general, the reduces state diagram is immediately
obtainable by careful construction of the diagram. It
is important to realize that minimizing the number
of states of a sequential machine, in general reduces
the number of memory elements required in the syn-
thesis; i.e. a nine state machine requires four memory
elements while an eight state machine requires three
memory elements.

3. Construction of state table follows directly from
the reduced state diagram. We therefore obtain the
state table shown in Figure 4.

Present Next State Output
State X =0 X=1 z

N O O b WO N —

o U A LW N —
- N O 0 A W N
- O O O O O ©o

7

Figure 4. State table.

4. Assignment of the states of the memory elements to
the internal states of the machine is accomplished by
use of Figure 4. In general, independently distinguish-
ing S state of a sequential machine requires n memory
elements where
(1) 8 =22 .or,
n=[log, S],and [ ]
is used to indicate the largest integer greater
than or equal to log, S.

In our example, we get:
(2) n= [log, 7] or
but log, 7 = 2.84
.n=3

The three (3) memory elements required for the
realization constitute eight (2%) independent states.
The secondary assignment table is shown in Figure 5.
Each of the seven (7) present states were coded as
shown. Where these states appear in the N.S. column,
the corresponding coded state was written.

This secondary assignment was made in an arbitrary
manner. There are many other possible assignments,
and in fact for this problem there exists 8! (=~ 4 x 10%)
such assignments. The method of assigning the binary
variable codes to the internal states of the machine
has been one of the major analysis problems in the
design of sequential machines. The selection of the
codes, in general, result in the varying complexity of
the circuits required for realization.

It has been shown by Hartmanis and Stearns®*
that the theory of partitions is of great significance in
the selection of the secondary assignment; although
the realization may not yield the minimum realization.
For the purpose of this article, however, only arbitrary
assignments are considered.
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t t
e
P.S. X=0 X=1
1— 000 000 001 0
2 — 001 001 010 0
3—010 010 011 0
4—011 011 100 0
5—100 100 101 0
6— 101 101 110 0
7—110 110 000 1

Figure 5. Secondary assignment.

5. Selection of the memory elements to be used in
the synthesis is now of importance. Whether a relay
or some special type of flip flop be used is usually pre-
dicated by speed of the circuit or some other physical
constraint. The different types of memory elements
most commonly used are discussed below.

a) Toggle or Trigger Flip Flop

The toggle flip flop is shown pictorially in Figure 6.
The T flip flop, as it is commonly referred to, has one
input and two outputs. Its operation is that of a
binary counter; that is, it changes state (or toggles) for
each successive “1” input.

Q

Qf—»

Figure 6. T flip flop.
The timing diagram and excitation table are shown in

Figure 7. Wi
T-INPUT I | I | I |
lloll
wyn
Q-0UTPUT I | |
g

(a) TIMING DIAGRAM

TO CHANGE REQUIRED

Qn—>Qn+ 1 INPUT T
0—>0 0
0—>1 1
11 0
1—0 1

(b) EXCITATION TABLE

Figure 7. T flip flop.

From the above table we find that
(4) Qn+1=T On + T Qn which represents the
excitation equation of the T Flip Flop
b) Set Reset Flip Flop

The S-R flip flop, as it is commonly referred to, has
two inputs and two outputs as shown in Figure 8. The
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S-R flip flop is a basic multivibrator; a “1” input on
the S input causes the output Q to “set to” a “1”,
while a “1” input on the R input causes the Q output
to “reset to” a “0”. The timing diagram and truth
table is shown in Figure 9 while the excitation table
is shown in Figure 10.

— 'S Q

R Q>

Figure 8. S-R flip flop.
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(a) TIMING DIAGRAM

S R Qn Qn+ 1
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 ?
1 1 1 ?

(b) TRUTH TABLE
Figure 9. S-R flip flop.

From the truth table we note that
(5) Qn+1=SRQn+ SR QN + SR Qn
or (6) Qn+1=RQn+SR =R (Qn + )
and that a S=R=1 condition is prohibited; that is,
the state of the flip flop for this condition is under-
mined. The excitation function is now determined.

TO CHANGE REQUIRES INPUTS

Qn—>Qn +1 S R
0—0 0 g*
0—1 1 0
1—-1 ] 0
1-0 0 1

*INDICATES DONT CARE STATE
Figure 10. S-R flip flop excitation table.

¢) J-K Flip Flop

The J-K flip flop shown pictorially in Figure 11 has
essentially the same characteristics as that of the S-R
flip flop with the exception of the J=K=1 case. The
truth table and excitation table is shown in Figure 12.

—{J Al

ol

—»{ K >

Figure 11. J-K flip flop.

J K Qn Qn+l REQUIRED
TO

0: 0 0 0 CHANGE ﬂ.

ol 0 . INHIBIT Qn Qn+1 J K

0 1 1 0 0—-1 1 ﬂ

a8 s (b) EXCITATION

L1 1 o (TOGGLE TABLE

(a) TRUTH TABLE
Figure 12. J-K flip flop.

For our example let us choose the T Flip Flop since
these are the simplest and lowest cost counter elements
available and are very suitable for the simple modulo
7 counter.

6. Generation of the excitation table for this particu-
lar problem is obtained by utilizing the excitation
table for the T Flip Flop, Figure 7(b), in conjunction
with the secondary assignment table, Figure 5. The
excitation table for this problem is shown in Figure 13.

Praser Next State
State X = 0(X) X = HX) Output
Q Q@ Q T, T. T3 T, T Tg Z
Q' 0 0 0o 0 0O o 0 1 0
0 0 1 0o O 0 .0 1 e 0
0 1 0 0 0 0 0 0 i) 0
0 1 1 0 0 0 1 1 1 0
1 0 0 0 0 0 0 0 1 0
1 0 1 0 0 0 0 1 1 0
1 1 0 0 0 0 1 1 0 1
1 1 PO g e 2

Figure 13. Excitation table.

* For example, this term is obtained by considering
that in the table of Figure 5

Q1 Q:Q; 1Q2 Qs
PS. 0 0 1 goestoNS. 0 1 0 for an
input of X = 1.

For this to happen then:
Q, goes from 0 to 0; requires T, =0
Q. goes from 0 to 1; requires Ty = 1
Q3 goes from 1 to 0; requires Ty = 1

Therefore T, T, Ty is written under the X column
G [ |

7. Generation of the memory element input equations
is obtained by generating the three Karnaugh maps
“contained” in Figure 14(a), (b), (). The maps and
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their equations are now obtained.
8. Generation of the output equation is obtained by
generating the Karnaugh map as shown in Fig-

ure 14(d). Q3 Q3
ey —
| S
Tq-x{ et }TZ.X{ L1 (é: > }o
Q 2
g ‘ ¢
[ S
Qy Qy

Ty=XQ2Q3+Q1Q2 To=XQ3+XQyQ2

Ty=XQz2(Q)+Q3) T2=X(Q3+QqQp)
(a) Ty map (b) T map
Q3
Q3
ey
Ol BT T =D
T3:X z
) / 1] Q2
Q2
¢ Q
1
W_J
Q
T3=)_(02+X6| Z=QyQ2
Tz =X (Qq+Q2) (d) Z map
(c) map

Figure 14. Karnaugh maps and excitation equations of
example.

9. The circuit may then be drawn from the equations
previously developed. For this problem, the circuit is:

X
] e
Q
. T 0—1
[
+
DL
Q2
. - . T2 0—2

Q
ES-“D*

Figurni 15. Logic diagram of modulo-7 counter utilizing DTL
micrologic.

Notice that the circuit of Figure 15 is configured in
general form, i.e. AND/OR logic with no specific logic
type indicated. The circuit could be configured utiliz-
ing NAND or NOR logic with either discrete, RTL,
DTL or TTL micrologic by making the appropriate
circuit equation transformations. An example of this
is covered in Example 2.

Furthermore, the circuit shown in Figure 15 can be
considered as an asynchronous pulsed sequential cir-
cuit. In an asynchronous pulsed sequential circuit
only the presence of an input pulse, X = 1, causes the
circuit to change state. Therefore the presence of an
input pulse is recognized by the circuit, while the ab-
sence of the input pulse is not. With no input pulse
present, the circuit must remain in its present state.

Another type of sequential circuit commonly de-
signed is the synchronous sequential circuit. In a
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synchronous sequential circuit it is necessary to be
able to determine at specified instants of time (at those
instances in which clock pulse occurs) whether the
input(s) is a one or a zero. An example of a different
sequential circuit, which in this case happens to be
synchronous, is shown in Example 2.

Example 2 — Digit Sequence Detector

It is desired to design a sequential circuit in accordance
with the following specifications:

An output of “1” is to be generated whenever the
sequence of 1101, 1001, 1011 or 1111 appear at the
input. The circuit must examine all sequences of
4 pulses before being reset on the 5th pulse. It has
been decided that S-R flip flops will be used in this
design.

1. The state table is shown in Figure 16.

i - $4/0 :
0,1 0,1
o

Figure 16. State diagram.

2. The above state diagram is not in reduced form.
We note that states S; and Sg are equivalent and as per
the Algorithm are merged into a single state. The re-
duced state diagram is shown in Figure 17.

Figure 17. Reduced State diagram.

3. The reduced state table is now developed and
shown in Figure 18.

4. The secondary assignment table is shown in Figure
19.

5. The problem set forth specified the use of S-R flip
flops.

6. The excitation table shown in Figure 20 is derived
by utilizing Figures 10 and 19.

7. The excitation equations are developed from Fig-
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Present State X=0 X=1
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0 --0°-"0 0.0, @ 0 P oSSl N0r0 fd° 0. @8 1.0 .0 g ©
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ST T R TN e S i R TR e S SO T SRR RS R ¢ DI R SR R ¢
0. F 00 H0helesNee0 o1 0 -0 0T g 6 10 0 6%
0! 051 S S0 OISR O R SO0 0, 000 s 0 S0 ORS00 . 0-2.0
D SRE G SRR N N SR N S I RN - RO (O YR R Rk S B Y S
(¢S RSN I SRS o T o /7 LM o o N AR o = v (o (R TR o S gl Kl (G o
Vo ge 0o TR gEREg 0 §e ) 0§ 0 9 o 8
1 0 01 ¢6 ¢ 6 6 0 0 0 0 0 0 06 06 0 0 0 0 0
1 D J-0sdest ol g g g R 0 88 g8 gy R
1. 0. 1. #T8. 8 4 00 B 0 F.0 BBl 9 & ¥ &
I o0 00 SHelap-'gtpt g g B8 8 B8R B8P
1 19 1.9 .8 £ B 6 £ £ 9 0 9 8 0 p-9p 8 0 98
18 10 g g aaecg 8 8 0 868 00 8 58 B °F B
Voaar.a -9 8 Sl o g 08 8o & 0 .8 39 8
Figure 20. Excitation table.
S Next State Erasant Next State
State 0 1 Z State 0 1 Z
1 2 3 0 1 — 0000 0001 0010 0
2 4 4 0 2 — 0001 0011 0011 0
3 5 5 0 3— 0010 0100 0100 0
4 é 6 0 4— 0011 0101 0101 0
5 7 7 0 5— 0100 0110 0110 0
6 8 8 0 6— 0101 0111 0111 0
7 8 9 0 7—0110 o1 1000 0
8 1 1 0 8—0111 0000 0000 0
9 1 1 1 9 — 1000 0000 0000 1
Figure 18. State table. Figure 19. Secondary assignment table.
ure 20. Note that the equations may be derived by The transformation of these equations to ones which
performing Karnaugh map combinations directly from lend themselves to a NAND synthesis is quite simple.
the table. For example, consider the following equation in the
The equations are: sum of products form
$1=XQ:Q;Q, (1) Ro=XQ:Q3+Q:Q3Q
1;1 =((2_21 By DeMorgan’s theorem
Rz = Xzéz:Qs +Q2Q3 Qi =Q:Qs (X + Q) o = z;% %.3 ;_(82 33 84
S= 00y Qi+ X Qi Q@+ Qs Tk Ty S
. < = (X + Qs+ Q) (Q2 + Qs + Qy)
R;=Q:Q:+XQs+XQ;5 Q4
$;=XQQQ: +XQ:Q: Q, Then (8) Ry = (X + Qo+ Qs) Qo+ Qs + Qo)
R,=Q.Q: Qs o B . ) Utilizing the Sheffer stroke notation for NAND logic
§. The output equation is hkew.lse ('lerlved.by perform- we know in general that
ing the Karnaugh map combinations directly from
the table of Figure 20. The equation is (4) a) A/B/C=ABC
Z=0; where / indicates the NAND function
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b) A/B/IC=A+B+C
Incorporating the identity of 4a into {(3) yields
B) R = (X + Q2+ Qy) Qo+ Qs + Qo).
Now incorporating 4b into equation 5 yields

(6) Re = (X/Q2/Qs) (Q2/Qs/Q4)

Therefore, upon comparing Equations (1) and (6) it
is quite evident that the transformation of an equa-
tion in the sum of products form to a NAND equa-
tion merely involves the replacing of both the AND
and OR function with the NAND function, while all
the literals remain unchanged. A generalized trans-
formation equation may be written as follows:

(7) fsom XLX2...Xn,4,") => fyanp (X1,X2,
...Xn/,/) or fl = X11,X12...XIn +
X21,X22...X2n + . o XmlXm?2., ..
Xmn

is transformed to
fl = (X11/X12/.../XIn)/(X21/X22/...
/X2n)/...(Xml/Xm2/...Xmn)
The logic diagram for the above transformation is
shown in Figure 21.

X1 X11
x12 X12 —
: L d
Xin — Xin —
X21 X21
X22 — £ el f
) L]
X2n — 4 X2n — o
° L]
Xmi Xmi
Xm2 — Xm2 —5
Ll L]
Xmn — Xmn —

Figure 21. NAND transformation.

In a similar manner, it could be shown that there is a
similar transformation between a product of sum form
of an equation, and a NOR equation. The generalized
transformation equation is
(8) fprop (XL,X2,...,Xn,,+)=> fyor (X1,X2,
. < ol IFel
where | indicates the NOR function, or
fl = (X11 + XI12 +...4 Xln) (X21,X22,
<. X2n) ... (Xml,Xm2...Xmn)
is transformed to
fl=(X11JX12}. .. XIn)} (X21] X22
.4 X2n) ...l (Xml]|Xm2
Xmn)
The logic diagram for this transformation is shown in
Figure 22.

X1 X1

Xi2 X12
Xin Xin
X21 X2t
X22 X22
X2n X2n
Xmi Xmi
Xm2 Xm2
Xmn Xmn

Figure 22. NOR transformation.

9. Utilizing the equations of parts 7 and 8 and the
transformation property to NAND logic we can design

52

the logic network to this example. The logic circuit
is shown in Figure 23. A typical microcircuit card
which contains the number of microcircuits required
for this application is shown in Figure 24. For this
example Texas Instrument Series 54 TTL microcir-
cuits were used. The sequential circuit design is shown
in Figure 23.
It should be observed that a clock pulse (C.P.) input
has been added to some of the gates in the logic realiza-
tion of this example as shown in Figure 23. In the
design of synchronous sequential circuits, the clock
pulses provide the tool for determining the state of
the input for every instant of time, i.e. whether the
input is a zero or a one. The clock pulse thereby al-
lows the circuit to recognize the difference between a
zero input and no input by its coincidence with the
clock pulse.

If, for example, the input X is to represent the
sequence 10011 . . . as shown below,

el e B
v M T TR N
(X-CP)_I—l l

then clearly the (X:CP) waveform eliminates the error
of recognizing the no data time as a zero or rather the
input sequence to be X = 10101. . . .

Figure 24. Typical microcircuit card.
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Figure 23. Digit sequence detector utilizing T.I. TTL micrologic.

Notes: All unused inputs are tied to +V, all pin 4’s to TV, all pin 11's to GND

Conclusions

The solution to these examples are not unique and
by no means do the authors claim them to be opti-
mum. Reiterating, the selection of the secondary
assignment will largely determine the complexity of
the logic circuit. In addition, the choice of secondary
elements (T flip flop vs J-K flip flop, etc.) will predicate
the circuits complexity, too.

The method presented in this paper, however, will
always yield to design solution for “any” sequential
machine. And, when intuition in the design fails, the
designer of sequential logic networks will find this
method an invaluable tool.
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A digital feedback frequency modulation system (DFFMS) is
presented to satisfy the requirement for a highly accurate and
stable FM subsystem that must be operable over a broad
frequency range. The method of attaining such accuracy is unique
n that a programmable frequency divider, of digital design, 18
utilized in the feedback loop of a phase-locked system. Utilizing
digital circuitry throughout the discriminator guarantees a high

level of overall system performance.

A FREQUENCY MODULATION SYSTEM

Modern signal processing systems often require a
highly accurate and stable frequency modulation sub-
system that is operable over a broad frequency range.
If the accuracy and stability requirements for the fre-
quency modulator are not severe, an acceptable ap-
proach would be to employ a voltage-controlled oscil-
lator (VCO) designed to be sufficiently linear and
sufficiently independent of circuit parameter variations
caused by changes in environment and component
aging. If these requirements for the frequency modu-
lator are severe, however, it becomes economically
advisable to employ phase-locked oscillator techniques
to derive the required frequency from a single, highly
accurate and stable source.l

In recent years, the popularity of utilizing phase-
locked systems to satisfy severe accuraey requirements
has increased.234 In such systems, the discriminator
operation is of utmost importance and is a major
contributor to the overall system performance.” In
the past, analog discriminators have been most com-
monly employed in phase-locked systems.%7:8

In this article, a frequency modulation system is
discussed that is phase-locked to an accurate reference
and achieves an extremely high level of performance
by utilizing digital techniques in its phase-discrimina-
tor design.

SYSTEM CONCEPT

The digital feedback frequency modulation system
(DFFMS), is an original method of attaining extremely
high accuracy in frequency modulation systems. The
proposed system is composed of a conventional VCO
and a feedback loop containing a programmable digi-
tal phase discriminator. The programmable digital
feedback is the unique feature of this design and is
the mechanism that permits the high accuracy fre-
quency modulation to be realized.

A functional block diagram of the DFFMS is shown
in Figure 1. It varies from the basic automatic fre-
quency control (AFC) system?® in that a programmable
frequency divider in the feedback loop serves as the
signal input; i.e., the basic AFC system employs unity
feedback whereas the DFFMS employs a frequency
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divider in its feedback loop, the divisor of which is
controlled by the input signal. Essentially, the divider
samples the output frequency and, through varying
frequency division, precisely removes the desired in-
telligence; this provides a correction signal for use
as a comparison frequency in the phase discriminator.
A highly accurate and stable crystal-controlled oscilla-
tor provides the phase discriminator with a reference
frequency. Algebraic combination of the reference
frequency and the comparison frequency is accomp-
lished in a digital synchronizer, which serves as a
frequency summing point. Phase error increments
from the synchronizer are integrated in a bidirectional
digital counter. As the digital counter tracks the
phase error between the reference frequency and the
comparison frequency, the counter stage is sensed by
a digital-to-analog (D /A) converter, thereby generating
a dc voltage proportional to phase error. This voltage
is, in turn, fed through a filter to the control input
of the VCO to produce a change in the system output
frequency. During phase-locked operation, the output
of the DFFMS is the programmed multiple of the
reference frequency.

Since the system employs feedback control, the
operation is one of closed loop control, in contrast to
open loop control; therefore, this system has the ad-
vantage of providing less dependence upon system
component characteristics and less sensitivity to load
disturbances. Those components that exhibit major
influence on the overall system performance have been
designed for high accuracy and reliability; i.e., the
components comprising the phase discriminator utilize
state-of-the-art integrated circuits and employ digital
techniques in their design. Since the operation of the
various digital portions of the system is significant, a
detailed discussion of these components follows.

THEORY OF OPERATION

Programmable Frequency Divider

The logic circuit diagram of an n-bit programmable
frequency divider is shown in Figure 2. In operation,
an input frequency may be divided by any integer
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UTILIZING A DIGITAL CONTROL LOOP
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OSCILLATOR VNCHR ER DiaITAL ANALOG EILTER CONTROLLED| » OUTPUT
COUNTER CONVERTER OSCILLATOR| SIGNAL
PROGRAMMABLE
DiaITAL
FREQUENCY
DIVIDER

1

DiGITALLY ENCODED
INPUT S\GNAL

Figure 1. Functional block diagram of the DFFMS.

ranging from 1 through 2», where n is the number
of flip flops cascaded in the divider. Divider control
orders, digitally encoded, provide remote control of
the divisor. The divider utilizes integrated circuits in
a simultaneous carry division scheme. The design is
repetitive in two-bit groups and is therefore especially

well suited to modular construction on printed circuit
cards. As many two-bit groups as desired may be
cascaded to provide as large a division range as re-
quired for a particular application. Only two types
of components are used throughout the design: NOR
gates and J-K flip flops.

DIGITALLY ENCODED DIVIDER CONTROL =X

INPUT
FREQUENCY
=,

£

B

It oo i e o o s S S M o SO - |
2 BIT ITERATIVE GROUP OUTPUT
FREQUENCY
=%

£l - RESULTANT DIVISION = x+D

2

Figure 2. Logic circuit diagram of n-bit programmable divider.
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Figure 3. Logic circuitry for a digital synchronizer.

Analysis of the divider logic. circuit diagram reveals
that the input frequency toggles each flip flop that has
all ONES in the flip flop chain preceding it, unless
it is inhibited by the all-ONES state of the entire
counter or unless it is inhibited by the presence of a
ZERO from the divider control input. Such gating
allows the input frequency to drive the counter
through a normal binary counting sequence up to the
all-ONES state and then to recycle the counter in the
highest x + 1 states, where x is the number encoded
on the divider control inputs. One output pulse is
emitted synchronously with the input frequency each
time the counter recycles through the all-ONES state.
As x varies from 0 to 20 —1, the ratio of divider output
frequency to divider input frequency varies from
1 to 152

~The division scheme utilized in this divider is
unique in that the counter is driven from state to state
in its entire sequence of states uniformly, at the rate
of the input frequency. Thus, the input frequency
may be allowed to attain the maximum rated response
of the logic circuits employed. ‘‘Between-clock-pulse
preset” schemes and “‘unstable state” schemes for alter-
ing the normal binary counting sequence often require
that the input frequency be less than one-half the
maximum rated response frequency of the logic cir-
cuits employed.

Since the divider accepts digitally encoded control
orders, the required sequence of divisors which repre-
sent the modulating signal may be generated by vari-
ous means, e.g., a memory unit, a cycling binary
counter, an A/D converter, or even push button
switches. In all cases, the sequence of divisors serve to
program the frequency divider for precise removal of
the desired intelligence from the feedback sample of
the DFFMS output. The correction signal, appearing
at the frequency divider output, is fed to the syn-
chronizer for comparison with a highly accurate and
stable reference frequency.
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Synchronizer

The purpose of the synchronizer is to serve as a
frequency summing point by algebraically combining
the reference frequency and the comparison frequency.
The synchronizer must generate two outputs to sup-
port the phase error tracking operation taking place
in the bidirectional counter: the first is a pulse train
representing phase error increments; the second is a
pulse train representing the algebraic sign associated
with the coincident-occurring phase error increment
pulse. The logic circuitry required to accomplish this
is shown in Figure 3. The synchronizer utilizes inte-
grated circuits to generate an up-count pulse train
by subdivision of the output of the high accuracy
crystal oscillator. Asynchronous output pulses from
the programmable frequency divider are aligned to
generate a down-count pulse train. The up-count
pulse train and the down-count pulse train are inter-
laced to form a time division multiplexed tracking
pulse train. Each pulse in the tracking pulse train
represents a phase error increment. Positive phase
error pulses and negative phase error pulses are located
in alternate time slots. The output pulse train repre-
senting the algebraic sign is, essentially, the demulti-
plexing timing train.

Bidirectional Counter

The bidirectional counter accepts the phase error in-
crement pulse train as a clocking input, and accepts
the demultiplexing timing train as a count-up/count-
down control input. The logic circuit diagram of an
m-bit bidirectional counter is shown in Figure 4. In
operation, input pulses applied to the clock line will
sequence the counter up through its binary states if
the count-up/count-down control input is a logic
ONE, or down through its binary states if the
count-up/count-down control input is a logic ZERO.
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Figure 4. Logic circuit diagram of m-bit bidirectional counter.

The counter is gated such that saturation of the
counter in either direction will not cause recycling,
i.e., up-counting in excess of the counter’s maximum
count capacity (2) will not cause overflow and sub-
sequent recycling to minimum count, and down-
counting in excess of the counter’s minimum count
capacity (0) will not cause underflow and subsequent
recycling to maximum count. In a given application of
the DFFMS, the bit capacity of the bidirectional
counter would be such that saturation would not oc-
cur over the entire range of phase-locked operation.

The bidirectional counter utilizes integrated cir-
cuits in a simultaneous carry counting scheme. The
design is a result of sequential logic circuit synthesis
techniques!® that yielded logic recursion formulas in-
dicating bit-wise iterative networks as indicated in
Figure 4. In general, the j* bit of an m-bit bidirec-
tional counter is toggled by the logic:

T,=U 0 yk+D II ¥ (1

k=j+1 k=j+1

where
T; = jt» toggle logic
U = up-count/down-count control: ONE
D = up-count/down-count control: ZERO
yk = state of K flip flop
yk = inverse state of K® flip flop

and the m®™ bit is the least significant bit.

As the counter performs an integration of phase
error increments between the reference frequency and
the feedback comparison frequency, the counter state
is sampled by the D/A converter, thereby generating a
dc voltage proportional to error.

D/A Converter Operation

The function of a D/A converter is to accept a digi-
tally encoded signal and convert it to analog form.

ITERATIVE STAGE

The digitally encoded signal changes in discrete steps;
the smallest amplitude change is dependent on the
number of signal quantization levels. The conversion
of each discrete step on the digital inputs to an ac-
curate corresponding change at the analog voltage
output requires a settling time. The output will have
high frequency transiénts before it begins to settle.
If the output is going to a low frequency device, the
transients can be ignored.

Filter Operation

In the DFFMS, the output of the D/A converter is
fed through a low pass filter to the VCO. The low
pass filter provides smoothing of the transition be-
tween states as well as filtering of the high frequency
transients. Considerations for idealizing the filter are
included in the literature? and shall not be pursued
here in detail.

VCO Operation

The purpose of the VCO is to accept the filtered out-
put of the D/A converter and provide a corresponding
voltage-to-frequency conversion. The VCO must have
the flexibility to generate the entire range of required
output frequencies as the filtered D/A converter out-
put traverses its entire voltage range. The linearity
requirement of the voltage-to-frequency conversion is
not severe since the feedback through the phase dis-
criminator provides a linearizing compensation on the
control voltage, during phase-locked operation.

ANALYSIS

The development of a suitable mathematical model to
facilitate analysis of the DFFMS is accomplished by
developing an equivalent analog model for the digital
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Figure 5. Mathematical model of the DFFMS.

system. When the various functions in the functional
diagram of Figure 1 are replaced by their respective
transfer functions, the result is the mathematical
model shown in Figure 5.

The programmable divider used in the feedback
loop converts output frequency to a submultiple of
output frequency and therefore is represented by 1/A,
where A is the instantaneous amplitude of the digitally
encoded input signal. The summation point represents
the algebraic combination of the feedback comparison
frequency and the reference. The integration of phase-
error increments accomplished in the bidirectional
counter is represented by the 1/S term, and the gain
of the D/A converter is represented by the constant
K,. F (s) is the transfer function of the low pass filter
which for analysis is assumed to be

1
i

The VCO merely accomplishes a voltage-to-frequency
conversion and its analog representation is a con-
stant K.

The resulting mathematical model describes the
DFFMS as a second-order nonlinear system similar to
basic AFC systems, except for the complications of a
variable ratio feedback. The full implication of a
variable ratio feedback is revealed in the detailed
analysis of the system phase-plane portrait.

Writing the system equation:

©_ S @)
o S(I+Ts)+K/A
where
K= K1 K2
Writing the equation for system error:
e = — %2 (3)
Rearranging the right side of equation (3)
— o —(©2)0r
€= 01 ((1)1) A (4)
Substituting equation (2) into equation (4)
o N Ko, /A
M Sy s B v ®)
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Multiplying through to clear denominators:
Tes2+es+K/Ae=0; Ts?+ o8 (6)

Since ©; = constant, equation (6) becomes:

552+%ss+%e:0 (7)

Transferring to the time domain, the homogeneous
differential equation for error is:

d% 1 de Koseat
wmtTaTaT ™

And the natural frequency is given by:

0 ®)

K

= e 9
o AT )

And the damping ratio is given by:

i 1 - A
b= IE (10)
AT
Normalizing time:
Let

T = ‘J.)()t, d’t’ = ﬁ)odt (11)

Substituting equations (9), (10) and (11) into equa-
tion (8):

d2e de
ol Fat =0 12
a2 2 T +e (12)
Define the new variables:
xl=¢
ide (18)
X2 = o
Substituting equation (13) into equation (12):
%’f+2gx2+x1=o (14)

For a given value of ¢, the system phase-plane por-
trait may be plotted.

In the DFFMS, the value of ¢ changes with signal
input to the programmable frequency divider. In a
typical system, the divisor amplitude A may vary
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portrait damping ratio 0.40. portrait damping ratio 0.98.

through the integers from 1 to 16. A typical total
gain constant is

K=K, K,=103 (15)
And a typical filter corner frequency is:
%:%: 2m x 102 rad per sec (16)
To yield:
{=4VA 17)
1
0o = 792 VA (18)

The resulting values of the damping ratio ¢, tabu-
lated in Table I, correspond to a typical range of
values for the divisor amplitude A.

TABLE |

Damping Ratios Corresponding to Division Amplitudes
1 through 16

A =4 vA
1 0.40
2 0.57
3 0.69
4 0.80
5 0.89
6 0.98
7 1.06
8 1.13
9 1.20

10 1.26

11 1.33

12 1.8

13 1.44

14 1.50

15 1.55

16 1.60

The significance of equation (17) is that the system
damping ratio changes as the signal input changes.
Thus, the analysis is somewhat complicated by the

COMPUTER DESIGN /MAY 1968



uuuuuu
:

HEHTY

,,
T ;
T
i
+

]
HH

Saaa

e

H

Figure 9. Phase-plane
portrait damping ratio 1.60.

Figure 8. Phase-plane
portrait damping ratio 1.33.

presence of a varying feedback ratio, as was predicted
earlier. Since the signal input is digital, however, the
amplitude variations occur as a sequence of discrete
changes. The system performance may be adequately
predicted by analyzing the phase-plane portrait cor-
responding to each of the values of damping ratio that
are listed in Table I. By establishing that the system
is stable in each of its discrete states, its stability is
esablished as it operates sequentially switched through-
out its entire range of states.

The phase-plane portraits corresponding to some
of the values of the damping ratio listed in Table I
are shown in Figures 6 through 9. They illustrate
that for any given initial conditions, the phase tra-

jectory of the system spirals into the origin. Since the
loop transient response decays for any given initial
conditions, the system is stable. Interpretation of the
phase-plane plots is well documented in the litera-
ture!!, and will not be discussed in great detail here.
It should be mentioned, however, that the patterns ex-
hibited by Figures 6 through 9 fall into two charac-
teristic patterns of stable system behavior. Figures 6
and 7 describe a system trajectory that spirals in
toward the singular point, which is a stable focus.
Such is the result when the damping ratio is in the
range:
0<y<1 (19)

Figures 8 and 9 describe a system trajectory that
moves directly into the singular point, a stable node,
without encircling it. Such is the result when the
damping ratio is in the range:

t>1 (20)

Since the DFFMS never exhibits a damping ratio
that is either equal to zero or less than zero, the sys-
tem trajectory will never describe a circle, ellipse, or
a diverging spiral. A circular or an ellipsoidal tra-
jectory indicates undamped oscillation. A diverging
spiral trajectory indicates an unstable focus. In gen-
eral, it can be stated that the system will be stable since
the damping ratio is always greater than zero; how-
ever, as the divisor amplitude is increased or the filter
corner frequency is increased, the damping ratio is
increased, and the phase-plane trajectory tightens to
minimize the number and size of overshoots.

Richman?? states that the time required for the
system to lock, in response to a step input, depends

adaptable
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Figure 10. Experimental model of DFFMS.

on the initial frequency offset Af and the system band-
width F, as follows:
2
t =4 ?—; seconds (21)
The noise bandwidth of the system expressed in

terms of its damping ratio ¢, natural frequency o,
and total gain constant K is stated by Gruen® to be:

2 +
Ty @y radians/second
= e (2e-%) ] @)

Substituting equations (15), (17) and (18) into equation
(22) yields an expression for noise bandwidth in terms
of the signal amplitude A as follows:
930 1240

Fo = 1000 A T “A? radians /second (23)
Substituting equation (23) into equation (21) yields
an expression for pull-in, in terms of the signal ampli-
tude A as follows:

t=4 glgf: e Seonds (24
(1240 -+ ”AT>

In a typical system, as the signal amplitude varies
from 1 through 16, the pull-in time will vary from
3120 microseconds to 40 microseconds. Thus, the in-
put signal bandwidth for a typical system is considered
to be 320 cycles per second for linear operation.

EXPERIMENTAL RESULTS

The results of the foregoing analysis are incorporated
in the design of the experimental model of the DFFMS
shown in Figure 10. Since the overall performance of
the system is heavily dependent upon the accuracy of
the phase discriminator, digital techniques are utilized
in the design and implementation of the program-
mable divider, the synchronizer, and the bidirectional
counter.

Practical limitations are placed on the capacity of
the various digitally implemented functional blocks,
but they do not detract from the usefulness of the
experimental model. As an example, the program-
mable divider is limited to four bits, thereby limiting
the system input signal to sixteen quantized levels of
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amplitude. This limitation, subsequently, limits the
system output to sixteen quantized frequencies, pro-
vided that the VCO is capable of operating over that
range.

The synchronizer is also designed with a practical
limitation that is quite tolerable. The maximum fre-
quency of the tracking pulse train is limited by the
time division multiplex frequency. As a result of limit-
ing the tracking frequency, the bidirectional counter
tracks at a speed nearly proportional to error for small
error magnitudes, and at the multiplex frequency for
large error magnitudes.

The bidirectional counter is limited to four bits,
thereby limiting the D/A converter to sixteen quanti-
zation levels. For a given voltage range, a larger num-
ber of quantization levels would reduce the size of
the discrete voltage steps at the output of the D/A
converter with an attendant reduction in the require-
ments on the smoothing action of the low-pass filter
preceding the VCO. In the experimental model, a
simple low-pass filter with a corner frequency at
100 Hz was used.

The D/A converter is limited to four bits to match
the bidirectional counter capacity. The output voltage
swing is approximately six volts, zero to negative, to
be compatible with the VCO. Thus, the D/A con-
verter limitations are dictated by its interfacing com-
ponents.

The VCO employed has an output frequency range
from 15 kHz to 28 kHz corresponding to an input
voltage swing of five volts. The resulting gain of the
VCO is approximately 2.6 volts per kilohertz. Proper
selection of reference frequency and system input
signal will allow the system to be tested within the
VCO range.

The product of the reference frequency and the
control signal must be in the range of the VCO for
phase-locked operation. Experimental results of sys-
tem operation as a function of reference frequency
versus system output frequency are shown in Figure 11.
Acceptable input signal amplitudes are indicated as
superimposed rays on the same plot. Clearly, for a
given carrier frequency, an increase in the VCO out-
put frequency range would result in an increase in the
number of acceptable input signal quantization levels.
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Also, for a given VCO frequency range, the number
of acceptable input signal quantization levels will in-
crease as the reference frequency is decreased.

Although the experimental model is sufficiently com-
plete to demonstrate typical DFFMS performance, the
limitations imposed during the design were somewhat
arbitrary. In a specific application, however, signifi-
cant parameters will be defined by a system specifica-
tion. For example, the number of discrete frequency
levels required at the system output will be defined
by the specification. This constraint will dictate the
minimum capacity of the programmable divider. The
specified separation between the discrete frequency
levels will dictate the reference frequency. The product
of the number of frequency levels N and the reference
frequency f, will dictate the VCO output frequency
range:

VCO Range = N f, (25)

It should be noted, however, that the VCO linearity
requirements will not be severe since the control loop
provides linearizing compensation during phase-locked
operation.

CONCLUSIONS

Signal processing systems often require a frequency
modulation subsystem that is highly accurate and
stable over a broad frequency range. The DFFMS
is a phase-locked system that attains high accuracy
and stability in its operation by deriving its output
frequency from a single high accuracy reference. It
utilizes a digital phase discriminator to detect output
error and to generate a compensating error signal. The
system output is simply and accurately controlled by a
digitally encoded input signal.

Analysis of the system phase-plane portraits indicates
that the phase trajectory spirals into a stable node
or a focal point, whose pull-in time depends on the
signal amplitude and the time constant of the low-pass
filter. The sensitivity of the phase discriminator is de-
pendent on the signal amplitude, also. In a series of

tests performed on an experimental model of the
DFFMS, the system performed exactly as predicted.
Extended applications of the DFFMS are expected
to be numerous, and are based largely on the ingenuity
of the system designer. Several examples of its poten-
tial use may be to generate broad band FM sweep
waveforms, generate comb filter mixer frequencies, or
to operate as a laboratory frequency synthesizer locked
to a standard reference. Complex FM waveforms such
as Gaussian FM, sinusoidal FM, or others may be
generated by programming the DFMS from a memory
system. In all cases, the performance will be highly
predictable due to the advantages inherent in systems
employing phase-locked and digital techniques.
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This software system utilizes a family of computer programs
developed for use as a design tool for logic and circuit designers
and design draftsmen. The system has the capability to detect
common errors and reject complete processing if errors are sensed.

ACCLAIM —A COMPUTER

ACCLAIM — Automated Circuit Card Layout and
Implementation — is a family of computer programs,
written in FORTRAN 1V, which reduces Boolean
equations to logical elements, translates the logical
elements to physically realizable gates, synthesizes the
gates into a switching network, and topologically con-
figures a printed circuit card. It then determines the
connection signal paths and produces artwork which
is photographically processed into an etching template.

ACCLAIM consists of ten links operating under the
IBSYS monitor system. The source decks contain more
than 10,000 source statements. At the General Electric
Aerospace Electronics Department (AED), these pro-
grams are running on an IBM 7040 computer with
ten tape drives and a Univac 1004 off-line peripheral
processor. A CALCOMP plotter is employed for
graphical output.

The ACCLAIM system means different things to
people from different disciplines. The logical designer
envisions ACCLAIM as a design tool. He views the
ACCLAIM programs as implementers of his design
conceptions. The circuit designer conceives of AC-
CLAIM as a packaging manipulator. His utilization
is to package a set of logic elements according to his
predefined selections. The design draftsman heralds
ACCLAIM as a tool to eliminate the long queues and
delays often created in the layout and drafting cycle.
The team that was assembled to develop this software
system represented programmers from the applications
and systems areas and engineers from both the hard-
ware and logic design areas.

DESIGN PHILOSOPHY

The programming ground rules were simple and un-
equivocal: All coding was to be done in FORTRAN
IV. Efficiency was to be sacrificed for simplicity and
compatibility of experience. Generalized subroutines
were to be developed when it had been resolved that
the mathematical techniques to be programmed had
been rigorously evaluated. Special-purpose subroutines
were to be developed in those areas that employed
heuristic techniques. Answers were to speak louder
than hypotheses.
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NETWORK MODELING

A presentation of the major functions of the AC-
CLAIM system first requires a discussion of input
modeling. Networks are expressed in the AND-OR
Boolean notation reflecting both combinatorial and
sequential models. The network can be either syn-
chronous or asynchronous. The equations are flip-
flops or terminal connector pin input equations, or
define subnetworks nested in the model.

The ACCLAIM system mechanizes multilevel (fac-
tored) input equations. Names of all variables are
limited to six characters, with flip-flops designated by
the leading character F. The terminal pins are desig-
nated by T; clock pulses, which require special con-
sideration, are identified by CP. Any variables having
other leading character designations are either input
signal variables or dependent variables for a nested
equation. Since we do not have a satisfactory parti-
tioning algorithm, each switching network model can-
not exceed the limits of a single predefined circuit
card. The circuit card presently employed has a limita-
tion of 104 gates.

CIRCUIT CARD PACKAGING

The most popular packaging configuration at AED
is the stick module assembly. Twelve stick modules
are mounted on a multilayer mother board (Figure 1).
The stick module is a parallelepiped, 5 in. x 14 x 14 in.,
which has a maximum of 26 mounted flat packs (Fig-
ure 2). Two faces of the parallelepiped are used for
signal routing, and the flat packs are juxtaposed on
the two remaining faces. The environment of this
hardware demands special thermal control; the core
of the stick module constitutes a heat sink. The top
and bottom faces have 200 flat pack pin feed-thrus
and 96 mother board connector pins (Figure 3). The
mother board connector pins can be used either as a
signal connector to the mother board or as access to
any of the four surfaces on the top and bottom faces.

The original intent of the ACCLAIM program was
to specifically mechanize the Fairchild DTL (Diode
Transistor Logic) logic module flat packs. In addition,
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Figure 1. Stick module and mother board assembly.

other DTL lines and the Texas Instruments TTL
(Transistor Transistor Logic) line have been mecha-
nized. A partial set of the Suhl II TTL module
repertoire has been configured. In all of these cases,
the flat pack module has been employed.

Figure 2. Two views of stick module.

Figure 3. Surface view of signal routing.

NETWORK
EDITOR [—®] COMPILER [—® gyNTHESIS

.

GATE < LOAD FACTOR
ASSIMILATION ANALYSIS

; ;

MODULE STATE
ASSIGNMENT ANALYSIS

:

PATH
ROUTING

;

ARTWORK

Figure 4. ACCLAIM System of programs.

FUNCTIONAL DESCRIPTION

The ten links which make up the ACCLAIM system
are illustrated in Figure 4. The EDITOR program
checks the grammar of the Boolean equations used to
input the switching network model. Conditions vali-
dated are the use of operators, the relationship of
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left to right parentheses, and the synchronous versus
asynchronous utilization of flip-flops. By utilizing a
dictionary, all alpha-numeric symbology is converted
to computerized digital notation. Finally, continua-
tion cards are examined for order and structure.

The COMPILER translates the Boolean equations
to computer-manageable (compiled text) lists. The
multilevel equations are stripped of parentheses, and
hierarchy of precedence is determined. Push down —
pull up stacking methods are employed during the
compiler processing.

The sequential function next performed by the AC-
CLAIM system is NETWORK SYNTHESIS. This
program converts the compiled text, which is the
AND/OR diode logic to a NAND transistor logic.
The conversion is achieved by inverting the output
of a NAND gate to realize a logical AND; inverting
the inputs to a NAND gate delivers the OR function.

F=A%B P=C+D

c [
c]
A N }L: =
)c AB })AB F P=(CD)=C+D
}F

The NETWORK SYNTHESIS program assigns the
logic elements into five categories after applying the
transistor logic substitution. Gates are collected into
three categories, based on the number of input signals.
Flip-flops and terminal signals comprise the remaining
categories. The gates, flip-flops and terminal connec-
tor pins are cross-referenced with interconnecting
signals.

The network synthesis mechanization can be illus-
trated by describing the array used to create a physical
realization. The « array is n x 7, where n is the num-
ber of logical elements used for the network formula-
tion.

lm

=

1
2
3
a=4

n

The rows of the array describe the individual logic
elements required for the network synthesis. Each
row will eventually be mechanized as an element or
component of the stick module assembly. The logical
elements employed in ACCLAIM are flip-flops,
2-legged gates, 4-legged gates, 4-legged expanders, ter-
minal connectors, 4-legged lamp drivers and mono
flip-flops.

The seven columns identify specific characteristics
of the logic element. Column 1 identifies the number
of input signals to be connected to the logic element.
Column 2 describes the function the element is to
perform. Column 3 is an interconnection identifier.
It is this column which records the interconnection
of the network. Columns 4 through 7 contain the
identity of the input signals for the logic element.
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Let us examine the mechanization of an equation
to illustrate the key to the ACCLAIM data base.

The equation: F; = (A 4+ B + C + D) CP,

The it" row of the « array is an inverter (column 2 =
I) used to invert signal A (column 4 = A) and the
output (A) is referred to as T (column 3 = T,). The
jt row is a 4-legged gate performing the OR (column 2)
function. The k™ row is a flip-flop.

1 2 3 4 5 6 7

i 1 | T A
i 4 OR T, T B C D
k 2 FF Fz CP; T,

The « array creates and interconnects the elements
illustrated in the following diagram.

L= -

D R Qf—

CP3

The LOAD FACTOR ANALYSIS program next
insures the circuit loading integrity of the synthesized
gating. Each logic element (gate or flip-flop) is an-
alyzed for compatibility of fan-in and fan-out. Should
a loading discrepancy occur, such as the fan-out of a
flip-flop exceeding its drive capacity, additional gating
is employed. Line driving amplifiers are added, and
if complexity exceeds a combination of line driving
amplifiers and flip-flops, the program requests engi-
neering intervention.

Upon completion of the Load Factor Analysis pro-
gram, an option is available. The State Analysis pro-
gram, which simulates the logic of the network, may
be selected or the primary function of ACCLAIM may
be pursued: the creation of a printed circuit board.
The State Analysis program will be discussed later.

PLACEMENT PROCEDURE

Placement of the elements of a logical network on a
given physical configuration may be thought of as an
application of two closely related procedures. Since
the network is in general a composite of unlike logic
elements (flip-flops, NAND-NOR gates, buffers, etc.),
the first procedure, ASSIMILATION (commonly re-
ferred to as Gate Assignment), is the organization of
the logic into physically equivalent sets (flat packs)
where the flat packs each occupy identical space on
the configuration. For example, a flip-flop is in itself
a flat pack; however, in the case of DTL 930’s (4-input
NAND gate), DTL 932’s (4-input NAND buffer), or
DTL 933’s (4-input diode expander), two such ele-
ments comprise a flat pack, and as many as four
DTL 946’s (2-input NAND gate) make up a flat pack.
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The second procedure of Placement is the actual
placing of flat packs relative to one another on the
stick module. Consequently, Placement will herein
be referred to as “Assimilation and Placement” or
YA &P,

The A & P technique has as its underlying principle
the conception of what the authors term an “m x n”
Signal-Logic Matrix, A = 3;;. The rows of A corres-
pond to the m distinct signals, the columns to the n
logic elements of the network. The matrix entries
are binary and an entry 3;; equals 1 only if the it
signal is associated with the j* logic element. The
initial ordering of the elements in the network, and
hence the columns of A, is not random, but on the
contrary has a precise formulation. In order to
describe this formulation, it is well first to consider
the requirements and constraints of the stick module.

A CRITERION FOR PLACEMENT

As described earlier, a stick module is a parallelepiped,
with flat packs embedded on each of two opposite
faces and routing made from pin to pin (each flat pack
has 14 pins — 7 pins on top and 7 pins on bottom)
on the two enclosed “pallets” or faces. Occasionally
the flat pack pins on one pallet must be connected to
pins on the opposite pallet. This is accomplished via
feed-thru holes between surfaces. However, because
of the physical characteristics of the stick module, only
a limited number of feed-thru holes are available in
the routing. The Assimilation portion of A & P then
must to some extent minimize the number of such
holes required (Figure 5).

THE ASSIMILATION ALGORITHM

Consider the Signal-Logic matrix again in view of
minimizing feed-thru holes. A flip-flop may be con-
sidered as composed of two disjoint sets, namely, the
pins on the top and bottom of the flat pack, respec-
tively. On the bottom, for example, are pins for clock
pulse, set functions, set-direct and ground. In con-
structing the Signal-Logic matrix, the top and bottom
portions of a flip-flop are selected, each as separate
columns. Then, 3;;, the entry corresponding to row i

and column j, for the it signal in the network (order-
ing of signals is completely arbitrary) is non-zero only
if the signal is a clock pulse, set function, set-direct
or ground of the flip-flop in question.

The precise structuring of A is now readily evident.
Columns are separated into two sets: set 1 represents
all logic constituting the top portion of the stick
module, set 2 the bottom. Arbitrarily we select half
of the 980’s, 982’s, etc. for set 1; the remainder of logic
is placed in set 2, thus completing the initial construc-
tion of the matrix.

LOGIC OF SET 1 LOGIC OF SET 2

Lz o v e I.i L;+| s % B Ln_| I.n
SI Bu aﬁ aIi+l &n—l am
52 a22 aZi a2i+ | a2n— | aZn
sm am2 Bmi ami+| amn—I amn

SIGNAL-LOGIC MATRIX

Assume there are i, flip-flops, then logic elements
By Bas < w v o By 208 Lig_g 540 Ty ity » < v 0 Ty 800
selected to represent the top and bottom halves, re-
spectively. Similarly, if there are i, 930’s, then L; ,,
Li+2 - - - » Li4y2 are initially the columns of
set 1 associated with the first i,/2 elements and
L tag2 41+ Ln g +ip 420 -+ -5 Lnyy are the 930’s
of set 2 (if i, is odd, the extra element may be placed
in either set 1 or set 2). The same applies for the
remaining 932, 933 and 946 logic.

Feed-thru signals are easily recognized in the Signal-
Logic matrix: if row k of A contains non-zero entries
in both sets 1 and 2, then a feed-thru hole would be
necessary in implementing a Placement. This suggests
that feed-thrus can be minimized by interchanging a
logic element in set 1 with a like element in set 2 if,
by so doing, a feed-thru can be eliminated. To this
end a routine, DIVIDE, was designed which considers
all such juxtapositions or like logic.

FEED-THRU

<
© ©00dv

PALLETS

¥ ROUTING
STICK

MODULE

Figure 5. Feed-thru routing.

The second consideration of Assimilation is the
combination of 946’s in pairs so that the columns of A
each reflect the logic comprising the entire top or
bottom of a flat pack. A special-purpose subroutine,
MAXMAL, was written to make this pairing. Es-
sentially MAXMAL adds two likely columns, well
orders the result and compares it with all other con-
tingent pairs. Physically, the interpretation of this is
simple: two gates having a common signal make a
better pair than two that do not. If two prospective
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pairs have an identical number of common signals,
then that pair is selected which has the greatest activity
(most signals) in the network. The motivation behind
all this is simple: the length of subsequent routing
can be more optimally minimized by the proximity,
obtained in Placement, of “most active” flat packs.
It is important here to note that upon selecting a pair
of gates, their respective columns are replaced by the
OR’ed sum. This preserves the essential binary in-
tegrity of the Signal-Logic matrix, which in turn al-
lows subsequent columnar comparison requisite to
A & P performance. '

At this point, A is a matrix whose columns represent
complete “half” flat packs, either half flip-flops, gates,
or combinations of gates (946 pairs). A routine com-
pletely analogous to MAXMAL pairs off the upper
and lower stick-module gates, and the Assimilation por-
tion of A & P is complete. Upon ANDing the flip-flop
portions, A becomes a Signal flat pack matrix.

To the authors’ minds, Assimilation is the key to
A & P. Excellent Placement is only possible as a
natural consequence of sound Assimilation. As for
the Placement of flat packs on the stick module, several
alternatives presented themselves, the best of which
(we might add) utilize the concept of a Signal-Logic
matrix. For brevity, only one will be mentioned here.

THE PLACEMENT ALGORITHM

In the stick-module configuration, there are essentially
but two directions pin-to-pin routing can take (feed-
thru routing has been minimized): parallel routing,
and vertical or cross routing (Figure 6).

Cross pallet routing in general is more objectionable
than parallel routing (there are numerically less ways
of circumventing a vertical run). Hence, the first step
in “placing” flat packs is to use the previously men-
tioned DIVIDE routine to minimize cross runs on the
module, by allowing the initially arbitrarily placed
flat packs to be interchanged with brethren on the op-
posite side. The next step is a MAXMAL mating of
flat packs on each side of the module (Figure 7a) fol-
lowed by the analogous pairing of the mates on one
side with those on the other (Figure 7b).

We are left with disjoint sets, four flat packs per
set. Let us term these sets “super chips.” The super
chips must be placed relative to one another on the
module and this is accomplished by DIVIDE. The
super chips are labelled A, B, C, D, . . . in Figure 8.
D,, Dy, Dy, . . . are dividing lines employed to define
successive sets in continuous application of DIVIDE.
To illustrate this, super chip A is placed alone in set
1 with D; as dividing line. A call to DIVIDE then
substitutes for A the most independent super chip
on the module. Then, using D, as dividing line, the
second most independent super chip, or the super
chip most closely related to A’s replacement, is sub-
stituted for B. This process is continued through
D, Dy, etc.

Exhaustive flat pack placement is not yet accom-
plished. Super chips only (sets of four flat packs) are
positioned on the module. In each super chip are two
pairs of flat packs, a pair on either side of the stick
module. The flat pack components of each pair were
arrived at through MAXMAL, but the ordering of
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Figure 9. Interchangeability of flat packs within super chips.
Arrows denote permissible interchanges within each super
chip.

the components relative to the module is purely
arbitrary.

Consequently DIVIDE is employed to consider an
iterative interchanging of component flat packs within
each pair (see Figure 9). For example, F; and F, are
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allowed to be interchanged relative to the entire
module followed by a similarly considered interchange
of F; and F,. Then the process is iterated, since, if
F; and F, were switched, the situation of F; and F,
may be affected. The process is carried out similarly
for each super chip on the module (Figure 10).

The purpose of the next process, PATH ROUT-
ING, is to determine three-dimensional pin-to-pin
signal paths. In addition, the path routing program
massages the pin connection requirements, orders the
signal lists, and recognizes special packaging con-
straints. The algorithm for routing is the industry
standard: Lee’s Algorithm.

The techniques of path routing have been exten-
sively reported in the literature; however, one special
technique employed by the ACCLAIM path routing
may be of interest. A subnetwork consists of an input
signal(s) entering a network, fanning out, combining
with other signals, fanning in and exiting from the
network. Processing of a subnetwork consists of rout-
ing individual line segments one at a time. As the
home target list is processed, various pins (home or
target) will have been previously connected (history)
as an element of a path (line segment). In order to
avoid redundancy of paths, it is desirable (and electri-
cally equivalent) to allow the new path and the con-
structed path to intersect. An obvious example of this
condition occurs during the fan-out of a signal.

A procedure is offered to extend Lee’s fan-out al-
gorithm to determine the shortest path between a
point and a line (previously constructed path). This
capability is desirable in order to obtain the minimum
aggregate length of signal path routing. It can be
shown that by using Lee’s algorithm a shortest path
can be found from point A (home) to point B (target).
The reverse is also true; therefore, the home and target
references are interchangeable. We call this technique
“stubbing”.

Let

H; = a home

T, = a target

P; = a completed path
» — is connected to
—— = to be connected

Let « be the set of points which have been connected

(e} ={H; U T; U Py} H,

n=1

Let B be the set of points which define a path to be
constructed

{8} ={H U Ty} Hy——1y
Determine whether H, or T, exists in a.
) If H, N {a) #¢
then

B} = {Hl’TknL=Jl P.}

2If T, N {«} F¢
then

.T_] by Pn

(8) = (HT: 0 Pu).
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DIVIDE

‘/I/_ PLANE

Figure 10. Three-dimensional conception of interchanges
within super chips. Arrows denote permissible
interchanges.

In (1) the home and target designations are inter-
changed. In (2) any point on the path (line segment)
which includes T, is an alternate target (whichever
comes first)

Let us examine the advantage of this technique.
Given:

Hi-

*T; byP, =«

and the next set of points to be processed is
H,—T, = g where H, = T,

From (2)
B = Hy IJ Pi

All the points of path P; are candidate alternate
targets.

H, T

e

Pl . Hg
Lee’s fan-out will connect H, to P;, hence:
H, T,

2

P, <Akl
Given:
a=TH: ) T U Po} H, T, by
B = {H| U T\} Hr——Tq
where H, = T
H,
5 P, .
H/
From (1)
B = {HS’TI' CJ sz} Hs—Tr U Pz
n=1
H,
T P, H,
T,
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Figure 11. Processing of an ACCLAIM job.

Lee’s algorithm will connect
Hy—-P,

Hence:

Ty B H,

T

The final program, ARTWORK, provides graphic
output. Upon completion of each layer (surface), the
path routing program eliminates all the ancillary data
from the routing array, transmitting only signal path
data to the Artwork program, selecting the critical
points which are used as arguments for the general-
purpose plotting routines supplied by CALCOMP.
The critical points are the initial, terminal and change
of direction points of the line segments joining the
pins.

Adapting to manufacturing procedures ACCLAIM
prepares two layers (surfaces) per drawing. Mylar is
taped to the drum of the CALCOMP plotter and four
time scale drawings of the stick module surfaces are
generated. The performance (accuracy and repeatabil-
ity) of the CALCOMP serves well for the stick module
application.

STATE ANALYSIS

The STATE ANALYSIS program has been called by
many different aliases, e.g., digital network simulator,
logical verification, logical simulator, timing analysis,
etc. The purpose of this program is to determine
the states of the logical elements as a function of a
predefined string of input stimuli. The program uses
the compiled text of ACCLAIM after the network
synthesis program has applied the substitution rules
of NAND logic. The input stimuli are entered at time
zero to create a predefined condition for the quiescent
state of the network. Input stimuli may be introduced
for any time interval, and those inputs will prevail.
It is this option that allows a fault analysis to be per-
formed in conjunction with the state analysis pro-
gram. Sequential networks and combinatorial net-
works may be simulated, and the use of synchronous
and/or asynchronous memory elements is allowed. A
truth table output is provided via the off-line printer,
and timing diagrams are plotted by a CALCOMP
plotter.

Figure 11 illustrates how a job is processed through
the ACCLAIM system of programs. The diagnostics
of ACCLAIM detect common errors and reject com-
plete processing if errors are sensed. If no errors oc-
cur, the processing continues to the completion of a
job, culminating in a CALCOMP plot tape.
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In the last ten years, the computer industry has witnessed two
generations of computers. Initiated by the development of

transistors and improvements in memories, computers became

faster and more powerful. Developments in machine organization,
the use of time sharing, and the introduction of microprogram-

ming served to reinforce these hardware developments. With

large-scale integration now becoming a reality, large (capacity)
computers using monolithic integrated circuit arrays of hundreds
of logic gates will provide the next generation.

This survey covers the period from
about 1957 to the present; an excel-
lent survey of the period up to that
time is contained in Bauer.! The
paper by Bauer is a reasonably
thorough discussion of the develop-
ment and state of the computer art
up to the introduction of the first
transistorized computers and rep-
resents an accurate view of the
computer world as it appeared to
a knowledgeable observer in 1957.
However, since Bauer addresses
himself to large-scale systems, he
neglects to mention such important
(historically) machines as the IBM-
6502, the first real production-type
model of a fullsized computer. It
was introduced in 1954, and at its
peak, there were well over 2,000 in-
stallations.

HARDWARE DEVELOPMENTS

Transistors

The first major change in hardware

in the period since Bauer’s report

was the introduction of the tran-

sistor, It was a great boon to the

computing field for three main

reasons:

I) It required much less power
than the vacuum-tube.

2) It was physically much smaller
in size.

3) It was a considerably longer-life
device.

These factors, combined in various

proportion, made possible the de-

sign of far more powerful comput-

ers (many more logic elements)
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than was possible with vacuum-tube
technology. There was, of course,
progress in transistors as circuits
were made faster, but during the
period in which the discrete tran-
sistor circuit was the mainstay of
the computer logic (1960 to 1966)
most improvements in computer
performance were due to improved
memory designs, the magnetic core
memory in particular.

Memory Devices

Core memories became larger (106-
bit memories were standard for any
moderately large computer installa-
tion and some of the larger installa-
tions included 107 bits). Speeds in-
creased to where cycle times ap-
proaching 1 ps were common, and
through the use of interleaving of
independent banks of memory, ef-
fective cycle times measured in
hundreds of nanoseconds were real-
ized. The core memory has proved
a remarkably durable device. It was
first introduced into the computer
in the early to mid 1950’s and has
remained the major memory device
up to the present time. Only in
the current generation of machines
(and only in a small number of
machines) is there any suggestion of
a replacement for the core.
Univac, in its 9000 series ma-
chines? is including a plated wire
memory that operates in the non-
destructive read mode at 600-ns
cycle time, Burroughs has a 500-ns
flat-film memory for its super-large

8500 system, and IBM has orders for
the 360/955 —a super high speed
computer with a magnetic-film
main memory operating at 125-ns
cycle time. At present, core memor-
ies operating at 750 to 850-ns are
common and CDC has demon-
strated full-scale core memories
operating at 250-ns. It appears,
however, that the discrete core
memory has seen its peak as a main
memory device.

Logic Elements

In third generation computers, in-
tegrated circuits have become the
standard logic device (monolithic
circuits for most manufacturers —
hybrid circuits for IBM) and logical
speeds have started to increase
markedly: circuits with pair delays
of under 5-ns are commonly avail-
able from semiconductor manufac-
turers and are beginning to appear
in machines. Within the next few
years, large-scale integrated gate ar-
rays (100 to 300 on a single wafer)
will become commonplace, and for
the same reasons, the integrated
array will be as much an improve-
ment over the discrete transistor as
the transistor was over the vacuum-
tube.

RCA is building a general pur-
pose computer, LIMACS, using ar-
rays of bipolar logic and comple-
mentary symmetry MOS memory;
Texas Instruments” is building a
terrain-following-radar  computer
using bipolar logic and memory;
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OMPUTER DEVELOPMENT
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Data Processing Research
RCA Laboratories
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and Philco? is building a small
guidance computer using P-MOS
arrays for both memory and logic.
These three computers scheduled
for delivery to the Air Force at the
end of this year and the beginning
of next year will be the first com-
puters constructed utilizing the new
LSI technology.

Scratchpad Memories

In the 1960’s the scratchpad mem-
ory, a small auxiliary memory oper-
ating about an order of magnitude
faster than main memory speed, be-
came quite common. At first, these
were small core memories which
could be made very fast because of
their size — they have been re-
placed by small flat-film memories
in some machines and by arrays of
transistor registers in others. The
scratchpad seems an ideal place to
introduce LSI; in the SDS -7 ma-
chine the memory is built from
integrated arrays containing eight
bits of transistor flip-flop storage,®
and the IBM 360/85 has a buffer
memory constructed from 64-bit ar-
rays. Since this is an obvious area
to apply large arrays, fully inte-
grated solid-state scratchpad mem-
ories will probably appear before
1970 and will be a standard feature
of the next generation of computer.

Another argument for using
solid-state devices rather than mag-
netics for scratchpad memories
stems from the requirements for a
disproportionately large quantity

OP CODE |[MODIFIER| OPERAND ADDRESS

A SINGLE ADDRESS FORM

OP CODE |MODIFIER| OPERAND ADDRESS

NEXT INSTRUCTION ADDRESS

B MODIFIED SINGLE ADDRESS (I+l)

OP CODE |MODIFIER| OPERANDI ADDRESS

OPERAND II ADDRESS

C TWO ADDRESS

Figure 1. Instruction words.

of electronics just to make the
magnetic memory electrically com-
patible with the logic (e.g. line driv-
ers, sense amplifiers, level shifters,
etc.). The semiconductor memory
can be made compatible with the
logic devices without the aid of
additional interface electronics.

MACHINE ORGANIZATION
Instruction Words

In the earliest machines (such as
SEAC), the storage size, and con-
sequently the address size, were
small. This made it convenient for
a single instruction word to con-
tain several addresses. In the early
drum machines, the modified single
address or (1 + 1 address) structure
was quite common. In this form,
an instruction word contains an
op-code and an op-address as in a
single address instruction, but it
also contains the address of the next
instruction to be executed (Fig. 1).
Thus, instructions could be distrib-
uted around the drum to minimize
expected waiting times between in-

structions. With the advent of ran-
domly accessible main memory this
is no longer necessary and succes-
sive instructions are normally con-
sidered to lie in successive memory
locations. As the size of mem-
ories increased, longer addresses
were required to access a piece
of data and this tended to make
it difficult to fit several addresses
into a single instruction word.
Most current machines have either

[op cope [Rri [x2 [B2[p2]

RI names fast access register which
contains first operand

B2 is the name of the base register
used in forming the address of
operand two

X2 names the index register used in
computing the address of operand

two

D2 is the displacement used in
t':ompuhnq the address of operand
]

OPERAND| is in the register RI

OPERAND2 is in the address computed by
adding the contents of base
register B2,and the contents

of index register X2,and D2

Figure 2. Third generation computer
instruction (RX format).
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a double address (two operands
specified) or a single address (one
operand and the accumulator)
with one noteable exception, the
CDC 6600°. Addressing for large
data bases is generally broken into
two components: a base value
stored in a full-length register
which generally is set and holds a
single value over a portion of com-
putation, and a displacement value
(typically 12 to 16 bits) which is
shorter in length than the base and
is the portion of the address car-
ried along in the instruction (Fig.
2). An instruction which needs to
access main memory specifies the
base address register (one of 8 or
maybe 16) and a displacement, and
the address in memory is computed
by adding the displacement to the
contents of the base address register
(plus whatever address modifiers are
specified).

GENERAL COMMENTS

Progress in the early 60’s was very
much evolutionary. Main memor-
ies became faster and larger, elec-
tromagnetic devices made billions
of bits of storage available in milli-
second access times, and the basic
logic gates became faster. The
small machine became very popular
spearheaded by the unbelievable
success of the IBM 1400 series:
nearly 15,000 of these were sold
either as small stand-alone units or
as peripheral processors for the
larger 7000 series.

The upper-middle-size machine
was dominated substantially by the
IBM 709 — 7094-709411. However
the most interesting progress oc-
curred in the development of large-
size machines. STRETCH?! was a
failure both technically and finan-
cially: it neither met its design goals
nor produced for anywhere near
its selling price (although IBM
claims that much of its loss was in
effect recovered by incorporating
much of the STRETCH design —
hardware mostly — into the 7090
series). However, only the CDC
6600 shows serious potential for
becoming a financially successful
large computer. The basic organiza-
tion of this machine represents a
departure from conventional ma-
chines. There is a single central
processor which has ten functioning
instruction units (i.e. multiplier,
divider, shifter, etc.) capable of

parallel operation. The central pro-
cessor operating on 60-bit words is
a very high speed unit with typical
arithmetic operation times running
from a 300-ns floating add to a 3 ps
floating divide. “Surrounding” the
central processor are ten small com-
plete computers each with its own
4096-word memory (12-bit words).
These peripheral processors control
I/O and handle the general func-
tions of data preparation for the
central machine (which stores
131,000 60-bit words).

The machine, first delivered in
1964, has the major bugs worked
out of it and now seems on its way
to general acceptance as the big
machine. The memory which has a
cycle time of 1 ps (fast for 1964) is
overlapped 32 ways, although the
machine cycle is such that only 10
memory accesses may be made in
1 ps. The basic memory module is
4096 words by 12 bits. These are
stacked 5 high and arranged in 32
banks to make the main memory,
and are used individually as peri-
pheral processor memories.

The central processor has a set
of eight 60-bit high-speed registers,
Xop Xy ..., X; used for holding
operands and results. Associated
with these registers are eight 18-bit
address registers A, Ay, ..., A;. A
change in the contents of any one
of registers A; through A; results
in new data being fetched from the
main memory location (as specified
by the contents of that register) and
placed in the corresponding X reg-
ister. In a similar manner, changes
in Ag or A; result in the contents
of the corresponding X register
being stored. (There are also eight
18-bit registers (B, ..., B;) used to
hold modifiers and tallies. These
are used in the conventional way.)
Most central processor instructions
are three address instructions spe-
cifying two operand registers and
a result. There is an elaborate look-
ahead mechanism including an in-
struction stack holding up to 32
instructions used to keep the ap-
propriate operands in the high
speed registers when they are
needed. The ten peripheral pro-
cessors are used mainly for general
overhead and I/O processing.

Much attention to machine or-
ganization has been focussed on
array or cellular computers. These
computers are composed of a mat-

continued on page 76
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e Memory
Machine That
Grows and Grows

This is no fairy tale. We're talking about the Fabri-Tek
modern-day ‘‘memory machine”’, the Model 470 Standard
Core memory system. And how it grows and grows—true
field expansion in both word and bit length,

to 32,768 words. With access time of 750 n.s.

Integrated circuits and modular printed circuit
board design are used for improved reliability
and package density. Expandability is by
installation of additional modules. No
addition of special interface
expansion circuitry is needed.

Of course there’s lots more to
this story. And it can have a
happy ending for any computer
manufacturer looking for an
expandable system at a sensible
price. For a first edition
copy of “THE MEMORY
MACHINE” story book,
write Bob Rife at our
home office.

FABRI=-TEK

5901 So. County Road 18, Minneapolis, Minn. 55436
Phone 612-935-8811 « TWX 910-576-2913




Have you noticed which disc
memories your competitors
use now?

Five computer manufacturers and
six data systems builders have
adopted Data Disc memories as a
standard rapid-access peripheral
storage.

They’ve discovered that Data Disc
memories cost about 359 less
than any other head-per-track disc
memory of equal storage capacity.
Complete machines, including
electronics, sell for 1/10¢ per bit
in quantities of ten.

Perhaps you wonder how a top-
quality machine can cost so little.
Well, cost per disc, per track, per
head or per drive is no less than
any other reliable memory. But
cost per bit stored is far less —sim-
ply because our ‘“in-contact” re-
cording technique stores twice as
many bits per inch as older “float-
ing head” techniques.

“In-contact” recording —in which
heads ride in gentle contact with
a highly polished disc—is five years
old now. It has proven its long-

term reliability in hundreds of Da-
ta Disc memories now operating
across the nation. We guarantee an
error rate less
than 1 part in _
10%, and tests by
our customers
show typical er-
ror rates 1000
times better.

AnF-Series
head-per-track system

Our F-Series head-per-track sys-
tem comes with storage capacities
of 0.8, 1.6, 3.2 and 6.4 million bits.
It has an average access-time of
16.7 ms, and stores 100,000 bits on
each track —enough to fill the core
memory of a small computer. And
the whole system fits in 834" of
rack space.

For complete information contact

Data Disc, Inc., 1275 California

Avenue, Palo Alto, California
94304, Phone (415) 326-7602.

Ol DATA DISC
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rix of small individual computers,
each communicating with some re-
stricted set of “neighbors” and each
doing its own processing. Examples
are 1) the Holland!® machine where
each processor worked indepen-
dently of the others with no central
control and 2) the Solomon!! where
the processors worked in parallel
but under the control of a single
central processor. Of the two types,
the difficulties of programming the
Holland machine were never over-
come and the machine was never
built. An early scaled-down version
of Solomon was built for RADC,
but severe restrictions in connec-
tivity, difficulty of programming,
etc. resulted in its being set aside.
A strong argument against the ap-
proaches taken in the array ma-
chines described above is stated in
“Grosch’s Law”’. Grosch’s Law!? is
an element of the folklore of com-
puters which has been verified em-
pirically and states roughly that
computing power increases as the
square of cost. This holds within
the bounds of the current technol-
ogy. But this says, in effect, that
putting together multiple simple
computers to do a larger job is not
as economical as building a more
complex single processor. The cur-
rent effort to build a Solomon!3 is
more reasonable in that each of the
basic processors, instead of being a
simple device, is a computer which
is at the edge of the technology. It
is being built by Burroughs for the
University of Illinois and funded
by ARPA. The memory is to be
250-ns thin films and the logic, to
be built by Texas Instruments, Inc.,
will approach large scale integra-
tion. In general, the array machine
appears to be effective for the type
of problem which can keep many
processors busy. This is a restricted,
but apparently large, class of prob-
lems; it now remains to be seen
how effectively the machine can be
used.

Another approach to the super-
computer is a multi-computer sys-
tem where the computers, instead
of being identical, are specialized to
the task. An example is the CDC
6600 mentioned above and the
more recent IBM 360/905 ma-
chines. The 360/90 contains special
I/O processors, a special fixed-point
processor, a special floating-point
arithmetic unit, and a special pro-

continued on page 78
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OEM
MARKETING

ANELEX CORPORATION
FRANKLIN ELECTRONICS, INC.

MOHAWK DATA SCIENCES CORP.

CALL US ANYWHERE . ..

An MDS/OEM Representative can be
reached through any of these MDS offices
... a coast-to-coast network.

PRODUCT MARKETING MANAGER OFFICES

Mohawk Data Sciences Corp., Herkimer, N.Y.
Anelex Corporation, Boston, Mass. .
Franklin Electronics, Inc., Bridgeport, Pa. .

ALABAMA

Birmingham . . 205/328-8186
CALIFORNIA

Los Angeles . . 213/685-5165

S. San Francisco 415/761-0750

COLORADO

DenVer . .+ s s 303/333-1548

CONNECTICUT

Meriden . . . . 203/238-1976
Stamford . . . . 203/325-4416
FLORIDA

Coral Gables . . 305/445-9715
Jacksonville . 904/721-3422
GEORGIA

Atlanta . 404/261-8036

315/866-6800
617/742-4585
215/272-4800

ILLINOIS

Bloomington . . 217/359-1891
Des Plaines . . . 312/827-8421
INDIANA

Indianapolis . . 317/925-1401
IOWA

Des Moines . 515/255-1557
LOUISIANA

Metairie . . . . 504/888-1711
MARYLAND

Baltimore . . . 301/744-5060
MASSACHUSETTS

Waltham . . . . 617/891-4430
MICHIGAN

Grand Rapids . . 616/454-1428
Oak Park . . . . 313/399-1108

Now Serving the
Original Equipment
Manufacturer

The merger of Mohawk Data Sciences Corp. and Anelex Corporation
(including Franklin Electronics, Inc.) created a family of products with
broad appeal to original equipment manufacturers. The OEM products
of the three companies are now handled by a special MDS group known
as MDS/OEM MARKETING. Headquarters are in Boston, Mass. Product
Marketing Managers are located at Mohawk Data Sciences Corp., Her-
kimer, N.Y.; Anelex Corporation, Boston, Mass.; Franklin Electronics,
Inc., Bridgeport, Pa. Direct Sales Representatives are located in strategic
market areas. All MDS Regional and Sales Offices will be contact points
for OEM business.

Products handled by MDS/OEM MARKETING include MDS 1320
Buffered Line Printers; MDS 700 and 900 Buffered Tape Units; Anelex
High-Speed Printers; Franklin Digital Printers.

MDS/OEM MARKETING will concentrate entirely in the Original
Equipment Manufacturer field. Our entire staff is trained and directed
from the OEM viewpoint.

The larger central organization offers greatly increased resources...
a highly technical field staff, under direct headquarters supervision...
a permanent organization with undivided responsibilities...continued
fulfillment of commitments...concentrated effort to provide new and
improved products, at lowest possible cost per unit of throughput...
faster response to your requirements . . . the quality of service you need
and expect.

In a nutshell, MDS/OEM MARKETING brings you quality-controlled
service. Phone or write. We'll be happy to give you all the facts about
our products and services.

OEM MARKETING

150 Causeway Street e Boston, Massachusetts 02114
Telephone 617/742-4585 e Telex 094-6332

OENM

MINNESOTA OHIO TEXAS
Minneapolis . 612/861-1669 Cincinnati . . . 513/751-1172 Pallas o ¢ ¢ & 214/823-5990
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Harrisburg . . . 717/652-1850
NEW YORK Pittsburgh . . . 412/561-4700  WISCONSIN
Albany . . . .. 518/869-5153 Milwaukee . . . 414/272-2585
Buffalo . 716/886-2020 S
Forest Hills . . . 212/263-9861
Liverpool . . . . 315/457-3248  Providepce . . . 401/274.6400 ~ CANADIAM OFFICES
Montreal, Que. . 514/731-3569
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NS .

400 CYCLE
MG SETS

SERIES 32

This new series 32 brushless,
synchronous 400 cycle MG
set combines motor and alter-
nator into a compact, two-
bearing unit that provides a
reliable and economical
source of prime power for a
variety of applications in the
5.0-250 KVA range.
FEATURES
® |Low maintenance,

long life

No brushes or slip rings

Class F winding

insulation

Bearings shielded and

pre-greased for life

5 frame sizes

Control options

EVENED] G

For new six page catalog de-
scribing in detail the series 32
write: Precision Power Group,
American Electronics, Inc.,
1600 E. Valencia Dr., Ful-
lerton, California, (714)
871-3020, TWX 910-592-
1256

Precision Power Group AE"
AMERICAN ELECTRONICS INC.

e e e mmm; e e Wi —

Please rush literature on 400 Cycle Power.\

NAME

TITLE

COMPANY

ADDRESS

CITY STATE Zip

‘-—--—--—-—-—-—-—-—-------—-"/
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cessor whose main job is to look
ahead in the program and schedule
the execution of instructions to
keep the floating-point-arithmetic
unit busy. There is a great deal
invested in the floating point unit;
in fact, it alone is bigger (more
gates) than most large computers.!*
Similar to the 6600, it has autono-
mous computation units, but they
are of a type known as pipeline
units. In the multiplier for example
(an almost combinational 64-bit
floating point — about 20,000 gates)
the time for a multiplication is
about 180-ns, but it is operated in
three cycles about 60-ns each. A new
multiply can be entered each 60-ns.
so at any given instant three multi-
plications at different stages of activ-
ity can be in process in the single
multiplier. The floating-point unit
contains its own set of hardware reg-
isters, and the main task of the spe-
cial processor is to see that all the
operands required in the floating-
point instructions are available in
the registers at the time they are
needed to ensure the floating-point
unit is not kept waiting for a piece
of data to arrive from main mem-
ory. The machine is programmed
in the conventional way (in fact it
is compatible with the rest of the
360 line) and any alterations in
sequencing, etc. are handled in the
special processor.

TIME SHARING

The biggest stir in the computer
field has been caused by time shar-
ing. The first major endeavor in
this field was in MIT’s Project
MAC?? using an IBM 7094 specially
adapted to work with an extra-large
core memory. The system was virtu-
ally all in software with the excep-
tion of additional I/O buffers and,
of course, the terminals. Since the
initial Project MAC experience, all
the major manufacturers are con-
structing computers with special
hardware to facilitate time sharing:
the GE 645 came first and is replac-
ing computers at Project MAC and
Bell Labs New Jersey locations,
among others. The SDS -7 a
smaller machine has won accep-
tance at several smaller users. IBM
announced a machine, the 360/67
intended for time sharing which
immediately swept the large time-
sharing market selling to MIT
Lincoln Labs (not Project MAC),

Bell Labs midwest, and almost
everyone else interested in large
machines. There are also other ma-
chines like the Honeywell 8200, the
CDC 6500, and the Univac 1108
multiprocessor system.

RCA is making a moderate-scale
time-sharing system, the 70/46, to
compete with the SDS machine and
others of that size. Though there
are many time-sharing systems now
in operation from the very modest
GE 265 (GE 235 and model-30
buffer) up to the DEC PDP 6 at
Applied Logic or the SDS 940 (with
11 languages) at Berkeley, and of
course, Project MAGC; all of these
are essentially software systems —
with little or no special hardware
to assist in such difficult tasks as
management of a storage hierarchy;
consequently there is inefficiency
introduced when they are operated
in a time shared environment. The
‘typical’ on-line user expects rapid
(at most a few seconds) response
from the computer. Then, the only
way for the machine to satisfy many
users is to alternate in some reason-
able order among them with a very
short cycle time. If the main mem-
ory of the machine was infinite,
each user could fit his whole pro-
gram in memory; in each time slot,
the machine would execute a piece
of the stored program for the ap-
propriate user. But memories are
not infinite, and in general, the sum
of the memory requirements ex-

CORE
MEMORY

USAGE

PAGE ILOCATION OF
DATA

NUMBER|PAGE IN CORE

ADDRESS
Figure 3. Page addressing scheme.

ceeds the capacity of the main mem-
ory. This must be hidden from the
user — he should not have to worry
about limiting his program size in
accordance with the needs of other
users. Something must be done to
make the main memory appear “as
big as it must.”
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PAGING

This is a general description of
paging (Fig. 3): most manufacturers
have adopted some variation.
About 1960, the computer group
at the University of Manchester!®
was faced with the problem of
building a high-speed computer
with only a small core memory and
a reasonably-sized drum memory
for back-up. They attempted to
build a system where the entire
memory (core and drum) was ad-
dressed as if it were in core. The
technique worked essentially as fol-
lows (the numbers are approxi-
mate): memory was divided into
512 word units called pages, the
core memory held 32 pages. The
drum storage was 96K words. There
was a special set of 32 page registers
which held the addresses of the 32
pages contained in the core mem-
ory in addition to some simple
housekeeping information (e.g.
when a particular page was last ad-
dressed). A memory address could
be thought of as consisting of two
components:

1) A 9-bit page name specifying
in which page the address was
located; and

2) A 9-bit address specifying
which of the 512 words in that
page was specified.

When a reference to memory was
requested, the page portion of the
address was checked against the
table; if the page was shown to be
in memory, the reference con-
tinued; if not, it had to be brought
in from the drum. If there was no
vacant page on the drum, this
would have to wait until a page
was dumped from core onto the
drum. One of the jobs of the sys-
tem was to see there was always an
empty page in core when it was
needed. To assist in this process,
the page table stored special usage
information (for example, has this
page been written into?) as well as
the location of pages in core.

In time-shared computers, pag-
ing is used to make large core mem-
ories appear enormous. Certain
variations on the paging scheme
are quite common; the most signifi-
cant of these 1is segmentation,
roughly an extra level of paging.
The pages are arranged in segments
in much the same way as words are
arranged in pages and the address

New RFI Filters Especially for
DATA PROCESSING EQUIPMENT

Save Time!
Save Money!
Speed Production!

Look for RECOGNITION

* NOW HOPKINS BRINGS YOU 38 DIFFERENT RFI FILTERS, ALL
RECOGNIZED UNDER THE COMPONENT PROGRAM
OF UNDERWRITERS’ LABORATORIES, INC.

ONLY Hopkins Engineering Company offers
you such a wide selection of RFI Filters
for data processing equipment. .. filters
which have been recognized under the
Component Program of Underwriters’
Laboratories, Inc.

Hopkins Filters will save you both
time and money in design and manufacture
of your data processing equipment because
they are already included as recognized
components.

The 38 different Hopkins RFI Filter
designs range from 1 amp to 75 amps in
a wide selection of case styles...tubular,
rectangular and bathtub. Attenuation
covers the frequency ranges of most
concern to data processing equipment
manufacturers.

These Hopkins RFI Filters
are Off-the-Shelf Items!

Take advantage of Hopkins' more
than 20 years of experience in designing
and manufacturing filters. Our filter spe-
cialists are as close as your telephone.
Just call (213) 361-8691.

Write today for DATA-LOG 113 on
RFI Filters for data processing equipment.

Telephone (213) 361-8691

] # EHOPKINS

Engineering Company

A Subsidiary of Maxson Electronics Corporation
12900 Foothill Boulevard « San Fernando, California 91342
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is thought of as containing three
components: the segment number,
the page number, and the word
number. Essentially the technique
is the same as paging.

MICROPROGRAMMING

In 1951, Wilks first suggested the
control sequence for a computer
might be put into a read-only mem-
ory — associating with each of the
lines in the processor to be con-
trolled, a bit or set of bits stored in
words in the read-only memory.?
A sequence of words would be as-
sociated with each command. Thus,
a certain flexibility is introduced
into the control of the computer
not present when the control se-
quence is generated by wired-in
gates. To build a microprogram
control the memory used must be
1) low cost and 2) very fast. The
current generation of machines —
at least the IBM system 360 and the
RCA Spectra 70 — have micropro-
gram controls for the lower-speed
members of the family. Both manu-
facturers (RCA in the 70/55 and
IBM in the 360/75 and above) find
to get the speed required for fast
machines at an economical price,
wired logic is necessary. RCA’s
read-only memory is in two over-
lapped memory banks each with a
960-ns cycle time giving an effective
read time of 480-ns/step. IBM has
read-only memory in the 360/65
operating as fast as 125ns. The
microprogram control also enables
both manufacturers to provide
emulators with their computers. An
emulator is essentially an addi-
tional read-only memory which en-
ables the computer to interpret and
execute an additional set of instruc-
tions, typically for a second genera-
tion computer. In this way, a user
can run without any rewriting or
preparation a program written for
his old machine and much faster
than he could have run it with a
software simulator. Emulators are
available to run IBM 1401, RCA
301, and RCA 501 programs on the
Spectra 70/45 and 70/35; IBM has
emulators enabling to run 1401 and
7000 series programs on the appro-
priate 360 machines. Read-only
memories are generally only mech-
anically alterable although the
Honeywell 820018 will have a read-
only memory which will be electri-
cally alterable by the manufacturer.
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Figure 4. Spectrum of memory devices.

INPUT-OUTPUT EQUIPMENT

Surprisingly enough, the progress
in 1/O equipment has been very
slow compared to the electronics.
High-speed line-at-a-time printers
operating at 1000 to 1200 lines/
min. were common in 1960 and
are still at the upper limit for
mechanical printers. Console type-
writers which punch and type at a
maximum speed of about charac-
ters/sec. are also the rule now as
they were in 1960 (or even earlier).
Punched-paper-tape readers simi-
larly have remained at virtually the
same performance level since 1960
(about 1000 characters /sec. — read,
about 100 characters/sec. — punch).
Card readers have almost doubled
in speed; but if one considers that
computer speeds have increased by
1 to 2 orders of magnitude, then it
is not very significant. However,
there have been major improve-
ments in magnetic recording tech-
niques resulting in very high bit
densities on magnetic media. This
results in high speed magnetic tapes
(120 to 240 kilobytes/second for
high-speed units) and high-speed
high-density magnetic drums (1 ps
read or write times with capacities
of 107 bits and access times of 10
to 20 ms).

New random-access storage de-
vices with capacities far exceeding
drums and access times measured
in milliseconds have appeared. The
primary device of this type is the
magnetic disc memory which stores
data on a stack of magnetic discs.
A typical disc memory stores about
7,000,000 bytes which may be ac-
cessed in about 100 ms and then
read at a 150-kilobyte rate. It is
not uncommon for a computer to
obtain as many as eight of these
devices. Another class of random-
access device involves data stored
on magnetic cards which must be
selected from a file and brought un-
der the read/write heads. These
include the RCA Race, the NCR
Cram, and the IBM Data Cell. Ac-
cess times average about 200 to

250 ms and data is then read at 70
kilobyte rates. The attractive fea-
ture of this device is that its ca-
pacity is large — almost 600 million
bytes /unit with each RCA or IBM
machine having a capacity to
handle up to eight units with a
single controller. Because of the
relatively long times taken to ac-
cess the first piece of information
(Fig. 4) these devices find their pri-
mary application as block storage
devices; one does not normally go
to them to acquire a single piece
of information, but rather to ac-
quire a relatively large sequence of
adjacent pieces of data. There are
several new special devices for han-
dling communications between
computer and the outside, includ-
ing such special-purpose devices as
those which assemble voice mes-
sages. Communications buffers and
data gathering devices are standard
in every product line.

A device which has become more
common in present generation ma-
chines, to a large extent as a result
of time sharing, is the graphic con-
sole. This enables the user to com-
municate with the computer in a
picture language much as he would
use in order to solve problems with
pencil and paper.

SOFTWARE

At the time that Bauer’s report was
written (1957) IBM introduced the
first FORTRAN compiler. There
had been other user-oriented lan-
guages (even compilers) before but
FORTRAN was the first designed
to produce “‘good” code comparable
in quality to that hand produced by
a “‘good” programmer. FORTRAN
became the first widely accepted
programming language to be
adopted for use on the machines
of several manufacturers. At pres-
ent, better than 100 processors have
been prepared for the FORTRAN
language and it is available for
nearly every computer intended for
scientific use in this country. After
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FORTRAN, COBOL (a Business-
oriented counterpart) was intro-
duced; then another scientific lan-
guage ALGOL in several versions
became very popular in Europe and
at certain universities. Most re-
cently, IBM has announced PL/I
a kind of super-set of all the others.
These languages all fit in the cate-
gory of problem-oriented languages
(their instruction repertoire is
closer to the needs of the problems
to be handled than the languages
of the machines on which they are
to be implemented). These lan-
guages have been joined lately by
a host of special purpose languages
such as COGO" suited to the prob-
lems of civil engineers, SKETCH-
PAD? a pictorial language for use
with graphical I/O devices, etc. But
FORTRAN remains the most
widely used of all computer lan-
guages.

At present, the machine-oriented
language is used primarily by two
classes of user: 1) systems program-
mers and 2) others for whom there
is no problem-oriented language
suitable for their particular class
of problem.

As the number and variety of
problem-oriented languages in-
crease, the fraction of computer
users for the machine language will
continue to decline. The use of
problem-oriented languages carries
with it a compatibility not carried
by the machine language.

Compatibility at the machine
language level is an important fea-
ture of third generation computers.
IBM, RCA, Univac, and Burroughs
have introduced compatible famil-
ies of machines where machine-
language programs written on one
member of a machine family can
be run on other members of the
same family (with some restrictions
on system configuration). RCA has
designed its Spectra 70 to be lan-
guage compatible, generally, with
the IBM 360-series; Univac has ap-
parently done the same with its
9000-series. But the most significant
compatibility lies in the common
user-oriented languages.

PREDICTIONS FOR THE NEAR
FUTURE

The next generation of computers
will be constructed with monolithic
integrated circuits, although the
number of gates on a single circuit

will probably range from 4 to 300.
The largest arrays to appear will
most probably be in scratchpad
memory. Monolithic memories,
probably magnetic, will overtake
the core memory as the main com-
puter memory. However, as the
batch fabrication technology im-
proves, solid-state scratchpad mem-
ories on the order of a few thou-
sands of words at very high speeds
should become common, and what
is now the main memory will be-
come less significant in the scheme
of computer operation.

The current generation of com-
puters is better oriented to multi-
processor operation than preceding
generations and this trend will un-
doubtedly continue. There are pro-
visions for sharing memory banks
as well as 1/O channels; in fact,
several systems such as the time
sharing machines are designed and
sold as multi-processors. (These in-
clude GE 645, IBM 360/67, CDC
6500, Honeywell 8200, and Bur-
roughs B8500.)

The pipeline-type processor de-
scribed briefly above in connection
with the IBM 360/90 will achieve
more general acceptance. Time
sharing will have a great impact on
the fourth generation of machines.
The market for small consoles (like
the teletype and the graphic con-
soles) will increase by orders of
magnitude. Two main types of
machines for time sharing will be
marketed. The first (like the PDP
10, the RCA 70/46, and the SDS
2-7) will serve those users who en-
vision running many small-to-me-
dium size problems in a generally
restricted environment — requiring
fewer than, say, a dozen languages
(e.g. FORTRAN, SNOBOL, CO-
BOL, and a debugging language).

The large machines (the GE 645
or the Project MAC system) would
be used in what is commonly called
the “computer utility” mode. This
would involve the maintenance of
large special files for many of the
users as well as a capacity for each
user to contribute to the system
work he has invested in the ma-
chine. Then a new language or set
of routines developed by one user
for the system can be immediately
made available to the other users.
(Naturally, if desired, privacy could
be maintained.) There is a current
market for both types of systems,
and this market should continue.
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& NEW PRODUCTS

GRAPHIC DISPLAY UNIT

A high-performance graphic dis-
play unit designed for use with SDS
Sigma 5 and Sigma 7 computers;
Model 7580 can be used to display
data from on-going experiments,
operate upon static displays to study
the effects of design- or test-para-
meter changes, or visualize data or
programs stored in memory to facil-
itate the development of new
programs.

The flexible unit features a 21-
inch cathode ray tube, four display
generators, a 64-character alpha-
numeric keyboard, a 16-character
function keyboard, four action
switches, light pen, and associated
electronics.  Solid-state deflection
and control circuitry are used in
the CRT for accuracy, stability,
and speed. Nominal display area is
100 square inches, accommodating
1024 divisions along both the X
and Y axes. Within the 10-inch
working area, resolution of a point
is 0.01 inch and plotting rates ex-
ceed 140,000 points per second.
Four display generators permit the
unit to draw alphanumeric char-
acters and special symbols, points,

82

rasters, and vectors. Keyboard and
action switches permit both the dis-
play unit and its associated com-
puter to be programmed quickly
and accurately for a variety of cal-
culations and displays. Information
displayed on the CRT can be sensed
and manipulated by a light pen.
The pen can be used to record the
location of data, erase portions of
a display, construct new displays
and modify mathematical models.
Scientific Data Systems, Santa
Monica, Calif.

Circle No. 202 on Inquiry Card

MINIATURE SWITCH

The 11SM701 SPDT low operating
force miniature switch requires
only 56 grams (2 ounces) of force

for actuation and has an electrical
rating of 4 amps at 125/250 Vac. It
is furnished with a number of
material variations for environ-
mental use options. The switch has
a mechanical life rating of 95 per
cent survival after 10 million op-
erations. Integral lever versions
offering an operating force as low
as 6 grams are available. The
switch will function within a tem-

perature range of —85°F to
+250°F. It weighs .096 ounces,
maximum. Manufactured under
space-age clean-room conditions,

the 11SM701-T is UL approved
(L119). MICRO SWITCH, a di-
vision of Honeywell, Freeport, I1l.

Circle No. 204 on Inquiry Card

PORTABLE OSCILLOSCOPE

A true dual-beam portable, solid-
state oscilloscope, model S1302A, is
operable on either internal battery
or line voltage and features a choice
of two plug-in Y amplifiers, (either
15MHz or 30MHz), and 21 ranges
of calibrated sweep speeds from
100 nsec/cm to 0.5 sec/cm. Signal
delay is approximately 190 nsecs.
Time base variable delay is selected
by switch and variable by potentio-
meter to cover a range from 0.1 mS
to 100 mS.

The voltage calibrator has square
wave outputs of 5 mV and 50 mV
and a rise time of less than 1 psec.
at a frequency of 1000 Hz = 1 per
cent. The differential input allows
Y1 4 Y2 signals to be coupled and
displayed differentially on Y1 chan-
nel. The 6 cm X 10 cm display
area has an illuminated internal
graticule. The scope’s size, 7 high,
14” wide and 18” deep, and weight,
20 1b. make it ideal for field use.
Motorola Communications & Elec-
tronics, Inc., Chicago, Ill.

Circle No. 229 on Inquiry Card
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IC DECODER/DRIVER

The 8TO01 integrated circuit de-
coder-driver can drive Nixie™
tubes directly and will interface
with all popular DTL and TTL
circuits. The circuit has a guaran-
teed 68-volt breakdown (with typi-
cal capability in excess of 100 volts)
which insures Nixie tube operation
without excessive background glow.
No external discrete components
are required for interfacing. Two
other elements will soon be avail-
able, the 8T02 with built-in output
transistors for driving incandescent
lamp displays and the 8T03, a simi-
lar unit designed for use with ex-
ternal lamp drivers. Signetics Cor-
poration, Sunnyvale, Calif.

Circle No. 224 on Inquiry Card

LSI DESIGN KIT

Systems manufacturers and circuit
designers can now design their own
custom LSI circuits, using a 4500
Bipolar Micromatrix™ Design Kit.
The building blocks of the kit are
a collection of CCSL (Compatible
Current Sinking Logic) quarter
cells in Dual In-Line packages,
which can be assembled for an
equivalent 4500 Micromatrix array.
Designated as 4501 devices, the
quarter cells such comprise a 4-in-
put DT, NAND gate offering
logic options for input AND ex-
pansion, internal OR expansion or
output open-collector. The 4501’s
are monolithic elements and com-
ponents of the 32-gate 4500 Micro-
matrix array, are constructed with
the aid of computer design incorp-
orating two-layer metalization.

Purchase of the design kit entitles
the buyer to a copy of Fairchild’s
4500 Micromatrix Design Hand-
book, a 40-page guide that presents
a comprehensive body of design
suggestions keyed to the Micro-
matrix concept. The multi-color

handbook represents a basic intro-
duction to Micromatrix and fea-
tures sections on cell assignments,
interconnections, applications and
testing. Many schematic diagrams
and illustrative photos are included.
When the 4500 breadboard design
is complete, the user can then sub-
mit his logic block diagram and
master layout sheet to Fairchild for
customization of the metal intercon-
nects and testing of the final array.
This Micromatrix procedure results
in fast delivery time and sub-
stantially lower engineering costs.
Price is $99.00. Fairchild Semicon-
ductor, Mountain View, Calif.

Circle No. 200 on Inquiry Card

VERSATILE RESISTOR'S

HA Series resistors are usable at
virtually any frequency (dc to 100
MHz. and above) with absolute
tolerances to 0.0019, shelf stability
of *+5ppm/yr. (guaranteed), stan-
dard TC's — for all resistance
values —of Oxlppm/°C. (abso-
lute), 0.5ppm/°C. (tracking) and
0.25 ppm/°C. (matching) reported
to be the most perfect resistor ever
developed (with no trade-offs), the
units are small enough for produc-
tion use.

Depending on resistance value
desired (30 ohms to 200 K ohms),
the HA Series units are available in
two basic diameters (34” and 14"),
and lengths from 34” to 114”.
Maximum power, without derat-
ing, ranges from 14 watt to 1.25
watts. Available absolute toler-
ances (from 0.0019, to 19,) are
maintained under normal storage
conditions within 5ppm/yr
(0.00059,) by the hermetic sealing
and oilfilling of the elastically
mounted resistance elements within
a shell. Vishay Resistor Products,
Malvern, Pa.

Circle No. 201 on Inquiry Card

EXTRAVERTER

-— T,

With so many extras, we
couldn’t call our Minuteman
Static Inverter anything but an
Extraverter. It's the best you
can buy for critical applications
such as computers and process
instrument AC interruptible
power.

The extras:

Extra reliability

Extra protection

Extra overload capacity
Extra KVA at low PF
Extra power quality
Extra-low harmonics
Extra-high efficiency
Extra-easy maintenance
Extra-experience
Extra-ordinary service

Available 1KVA to 100-plus
KVA.

If you're an introvert, write
for more information about this
remarkable product.

If you're an extrovert, phone.

Think initially of TRW

TRW Equipment Group
Telephone (216) 383-3435
Dept. 0855, 23555 Euclid Ave.
Cleveland, Ohio 44117

TRW
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Microsonics has proven capabil-
ities and facilities to design and
manufacture reliable computer de-
lay line storage systems at high
information rates (up to 100mc)
which gives long term service in
difficult environments of shock,
vibration, and temperature. These
systems have capability of han-
dling digital signals for computer
storage or analog information as
in radar signal processing.

Ultrasonics computer storage
lines, using fused quartz or zero
T.C. glass, represent an ideal
medium for high-speed computer
storage up to 20mc rates.

Be it Computer Storage Systems;
Digital Delay Lines; Magnetostric-
tive Delay Lines; or Variable and
Tapped Delay Lines — Micro-
sonics has the experience and
capability to deliver both off-the-
shelf and custom-designed sys-
tems for any specific operation.

Send for Microsonics’ Brochure
Nos. M735 and 5350.

MICROSONICS, INC.

60 Winter Street

Weymouth, Mass. 02188
Tel: 617 337-4200

Electr

CIRCLE NO. 47 ON INQUIRY CARD
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NEW PRODUCTS

DISPLAY UNIT

The Type 602 Display Unit, is de-
signed for viewing graphic and
alphanumeric information from
computers. Vertical (Y) and hori-
zontal (X) amplifiers provide 1
MHz bandwidth and 100 mV/cm
deflection factor. Phase difference
between amplifiers is within 1° to 1
MHz. A linear DC coupled Z am-
plifier with 1 MHz bandwidth per-
mits analog intensity modulation of
the writing beam.

Dimensions are: height —6 in;
width —814 in; and depth —
1784 in. Weight is 1714 1b. Also
available in rack mounting con-
figuration. Tektronix, Inc.,
Beaverton, Ore.

Circle No. 206 on Inquiry Card

PRINTED CIRCUIT CLIPS

A series of space-saving printed cir-
cuit clips for rotary and push-
button switch applications allows
direct connections to virtually all
types of PC boards and cabling.
Engineers can now make easy, fast
terminations to the new flexible flat
conductor cables as well as to rigid
PC boards simply by specifying the
new clips on many Oak switches.
The new clips with flexible cir-
cuitry also drastically reduce over-
all wiring errors.

The multi-purpose clips can be
used for wrap-around or end con-
nection of flexible flat cable or con-
ventional PC board and are avail-
able for the Oak Types F, ] and N
as well as Type 130 and 131 push-
button switches. Additional advan-
tages include plug-in capability;
positive-circuit assurance; complete
elimination of harnessing; ability
to make connections by pot-dip or
hand soldering methods; and use of
copper-clad material on either or
both sides of the printed circuit.
An extensive variety of clip finishes
are offered: silver-plated brass;
silver alloy; hard-gold alloy on spe-
cial spring-base material; silver
alloy, hard-gold plated; silver alloy
with rolled-on hard-gold alloy. Oak
Manufacturing Co., Crystal Lake,
Illinois.

Circle No. 203 on Inquiry Card

READ-ONLY MEMORY DEVICE

A totally new Character Generator
(Read-Only Memory device) with a
fixed stored program, known as the
MEM 5042, defines 32 different
alpha numeric characters in a 5 by
13 character matrix. It has 13
unique outputs which are multi-
plexed out by five separate timing
signals. The device utilizes four
phase techniques throughout in
order to minimize size and power
dissipation and also features: 2-
phase clock supply, medium speed
operations, no dc power, all inputs
zener network protected, stores 160,
13-bit words or 2,080-bits, and non-
return to zero D.C. restored out-
puts. General Instrument Corp.,
Hicksville, L.I., N.Y

Circle No. 207 on Inquiry Card
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QUAD TRANSISTOR

The first EIA registered quad tran-
sistor designated 2N5146, is de-
signed for medium-current, high-
speed switching and driver appli-
cations where space limitation or
minimum lead inductance are im-
operation, no dc power, all inputs
of four individual PNP silicon An-
nular ™ transistors packaged in a
14 pin to -86 ceramic flat pack. Ex-
clusive of leads, the package mea-
sures 0.25 by 0.25 inch and is 0.07
inch high. Typical characteristics
for each of the four transistors are:
hpp = 40 @ Io = Adc, V(‘E(sat) =
0.7 Vdc @ Is = 1 Adc, G, = 11 pF
@ Ves = 10 Vdc, £, =250 MHz @
Is = 50 mAdc, and t, = 30 ns @ I
— 1 Adc. Motorola Semiconductor
Products Inc., Phoenix, Ariz.

Circle No. 208 on Inquiry Card

REGULATED 12Vdc POWER
SUPPLY

Model 1010 was designed to power
integrated circuit modules. A trans-
former is supplied and is mounted
separately. Input is 105-125V,
60Hz and the output is =12VDC
@ 300 ma. Either plus or minus
may be grounded. Regulation is
019, line and load. Ripple is
500uV RMS. Recovery time is less
than 50usec. P.C. card measures
500,V RMS. Recovery time is less
than 50usec. P.C. card measures
4.5” x 2.6” with components ex-
tending .593” above the board. Cir-
cuitry is all silicon and operates up
to 85°C. Output is short circuit
proof and has current limiting.
Fairlane Electronics, Long Valley,
New Jersey.

Circle No. 216 on Inquiry Card

HIGH CURRENT DIODE ARRAY

The RDA-10 single-chip diode ar-
ray for core driver applications,
shrugs off surge currents to 1,000
mA with a steady state forward cur-
rent of 200 mA.

The dielectrically isolated device
features a working inverse voltage
of 30 volts, and provides a maxi-
mum reverse recovery time of 20
nsec, at extreme switching condi-
tions of 450 mA forward to 45 mA
reverse. Rated power dissipation is
400 mW. Ambient temperature
range is —55°C to J-125°C. The
units are packaged in hermetically
sealed TO-84 flat packs. Radiation
Inc., Microelectronics Div., Mel-
bourne, Fla.

Circle No. 209 on Inquiry Card

IC DIGITAL LOGIC CARDS

A line of DTL integrated circuit
digital logic cards, called EECo-
LogICe2s, is designed to cut digital
system costs. Prices per logic func-
tion have been reduced about 109.
More of any system fits in a stan-
dard 19” drawer, four cards across
and 14" between cards (up to 6240
pin connections /drawer). The num-
ber of drawers can be halved and
wiring costs are minimized since
fewer drawers mean less interface
wiring and cabling. Other features
include: Wire Wrap and Termi-
Point wiring capability using man-
ual or automatic machines, as well
as soldering. 13 Test Points located
atop each card accept probes, clips
or hooks and make system checkout
fast. Integral Locking Extractor
Handles hold each card securely in
the card frame, identify the circuit
and make card removal easy. Lami-
nated Power Busses on each card
and in the power wiring of each
drawer reduce high frequency noise.
Electronic Engineering Co. of
Calif., Santa Ana, Calif.

Circle No. 225 on Inquiry Card

... for high speed data
simulation with flexible control
over data content, format, and
output programming . . .

NV

DATAPULSE 203

19 MHz

DATA GENERATOR

$5700.00

. ideal for development of integrated

circuit computer functions, delay line
memories, and high speed telemetry
systems.
Features m clock rates to 15 MHz m
1-100 bit word lengths m single, dual-
channel, or serial (PCM) format modes m
variable width or NRZ output m independent
delay for each channel, RZ or NRZ m bit
or word repeats m =5V into 50 ohms m
IC logic.

Two outputs provide either single chan-
nel or two separately coded channels. Word
length is selectable from thumbwheel
switches as 1 to 100 bits. Bit content (1/0)
is set by panel pushbuttons (1 channel: 100
bits, 2 channels: 50 bits each). Data output
may be continuously generated or advanced
by bit, word, or frame either manually or
from external signal. Multiple units provide
subcommutation or extra channels.

Ask for a demonstration of the Datapulse
203. Write for complete specifications and
applications information, including catalog
of 25 standard Datapulse instruments. In-
quiries for special digital instrumentation
are invited.

sararUls El

A Subsidiary of Systron-Donner Corporation
10150 W. Jefferson Blvd., Culver City,
Calif. 90230.

Tel: 213-836-6100. TWX: 910-340-6766
EXPORT: Systron-Donner International,
888 Galindo St., Concord, Calif.,

Tel: 415-682-6161.
EUROPE: Systron-Donner International, S.A.,
447 Ave. de Tervueren, Brussels 15, Belgium.
Phone: 71-76-84. Telex: 23606 (Belgium).
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Just dial Diehl

(201) 725-2200

Tach
troubles!

One of the line of regular size
8 or 12 tachometers may be
just what you need. For
example, our FDE 12-12-2
tachometer is an excellent
rate generator in velocity
servos. Fast response and
exceptionally low ripple make
it ideal for computer
peripheral, business machine
and numeric control machine
tool industries. Each has a
high silver content
commutator, aluminum
housing, stainless steel shaft,
precision ball bearings.
Available with up to 20 volts
output, per 1000 rpm.

Write today, or call
Senior Applications Engineer
J. Haney at (201) 725-2200.

THESINGER
COMPANY

Diehl Division

Somerville, New Jersey 08876

CIRCLE NO. 49 ON INQUIRY CARD

NEW PRODUCTS

 BCD-TO-BINARY CONVERTER

\

A compact modular converter, cap-
able of accepting 6 BCD digits on
24 lines and converting them to 20-
bit natural binary output, offers ex-
ceptional capability on a printed
circuit card only six and one-
quarter by seven and three-quarters
inches.

It facilitates decimal to binary
conversion in such areas as pro-
gramming switches, computer in-
put typewriters, and BCD outputs
from digital voltmeters to a com-
puter. By using TTL integrated
circuit logic and simplified cir-
cuitry, the conversions take place at
a much higher speed than is pos-
sible with older multi-step process-
ing techniques. The converter uses
a 5 volt dc supply and no external
controls are required. Texas In-
struments Inc.,, Apparatus Div.,,
Houston, Texas.

Circle No. 210 on Inquiry Card

blies. Contacts are .025 inch square
wire wrap posts, spaced on .100-in.
square grid, and accommodate 1/ 4-
in. p.c. cards. Compact, glass-filled
nylon insulators feature extended
card guides for easy card insertion
and incorporate X and Y axis
datum holes facilitating program-
med wire wrapping and inspection.
Contacts are preloaded in the in-
sulator to maintain optimum con-
tact force on the p.c. card; the can-
tilevered design affords maximum
flexibility for resistance to set and
for tolerance of card thickness vari-
ations. Elco Corp., Willow Grove,
Pennsylvania.

Circle No. 217 on Inquiry Card

DIGITAL TO ANALOG
CONVERTER

Model 577 is a highly compact and
versatile 8 bit digital-to-analog con-
verter mounted on a standard
“Blue Chip” logic card. A signifi-
cant feature of the device is an in-
tegral input storage register that
requires only positive inputs. Ac-
curacy is better than 0.259,, output
is 10 volts, and conversion rate is
100 kHz Data Technology Corp.,
Mountain View, Calif.

Circle No. 215 on Inquiry Card

CARD-EDGE CONNECTORS

Designed for high packaging den-
sity (mounting on .300-in. centers)
in programmed wire wrap applica-
tions, Series 6309 connectors are
suitable for mounting on chassis,
p-c. boards and metal plate assem-

REGULATED POWER SUPPLIES

An expanded line of regulated dc
power supplies includes a total of
thirty 50 and 60-hertz models with
output voltages ranging from 10 to
200 volts dc. Featuring static-mag-
netic circuitry for reliability and
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long life, they provide precise out-
put voltage, close regulation and
high efficiency. Output voltage will
not vary more than =+ 19, for a
change in input voltage over the
rated range of 97 to 130 volts ac.
A change of 19 in frequency will
only change the output voltage
level approximately 1149,. Full-
load efficiency ranges from 70 to
859, for normal output voltage
levels.

These power supplies are de-
signed to operate in ambient tem-
peratures from —10° to 40°C.
For every 40°C change in ambient
temperature, the output voltage
will change only about 19]. They
can be installed with either polar-
ity. Output voltage ripple level is
19, or less (RMS). All units provide
electrical isolation between the
power source and the d-c load. As
an additional safety feature, short
circuit current is limited to ap-
proximately 200 percent of rated
value. General Electric Co., Sche-
nectady, N.Y.

Circle No. 221 on Inquiry Card

DISPLAY UNIT

The PD-3 program-display acces-
sory for use with Clary’'s Model
DE-600 digital computer, displays
complete information on each pro-
grammed step as it is being exe-
cuted by the DE-600.

The PD-3 displays the same alge-
braic symbols and decimal numbers
used in operating and program-
ming the DE-600. Thus, there is
no need to translate from machine
language when using the PD-3 to
debug programs. The display shows
the program step number; the oper-
ation being performed; and the
memory locations and registers in-
volved. On program steps which
include input-output and shifting,
the PD-3 displays word-length and
decimal-point control data.

In many applications, Clary’s ex-

tensive library of programs obviates
the need for program development
by the user. However, many users
are developing their own programs
for the DE-600, and the PD-3 will
aid them in program checkout.
Clary Datacomp Systems, Inc., San
Gabriel, Calif.

Circle No. 220 on Inquiry Card

PLUG-IN INTERFACE

A plug-in interface, called Logic-
Pak, interfaces the IBM model 735
Selectric typewriter to the DEC
PDP-8, 8/S and 8/I computers. By
converting IBM code to teletype
code and vice versa, the setup does
away with teletype and becomes
the standard means of input and
output for DEC computers.

The unit allows a user to enjoy
many advantages of the Selectric
model 735, which is the heavy-duty
typewriter used with the IBM 360
systems. These advantages are:
more accurate input and output;
over 150 words per minute; upper
and lower case; two-color ribbon
shift; automatic tab control; and
changeable type balls which may in-
clude mathematical and foreign lan-
guage symbols. It produces quality
presentation copy with easy han-
dling of multi-part forms, and ac-
cepts rolls or sheets up to 1514
inches wide. It is a familiar termi-
nal with a sculptured-touch key-
board. Error parity checking, and
reverse and half-line indexing are
available options.

Logic-Pak includes documenta-
tion and code conversion tapes to
convert IBM code to ASCII and
vice versa. Software also provides
overlay program tapes for operat-
ing DDT and other DEC routines.
Hardware includes a pushbutton
keyset which will generate the 12
additional codes found on the tele-
type (alt mode, rubout, CTRL/
form, etc.), decoder and encoder
cards which recognize and produce
functional codes such as tab, space,
carriage return, back space, index,
ribbon shift and upper and lower
case, and the logic and circuitry
necessary to properly gate and con-
dition selection magnets. It is a
cabinet unit with an integral power
supply, plus all the necessary
cables and plugs for installation.
Logic, Inc., Detroit, Mich.

Circle No. 222 on Inquiry Card

For Avionics

Spac ehicle
Instruentation

LIGHT SOURC
DIODE :

Write or ’Phone for

BULLETIN 8610
Telephone (518) 272-6300

W. & L. E. GURL EY
550 FULTON STREET, TROY, N.Y. 1210\’1,
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NEW PRODUCTS

CORE MEMORY SYSTEM

An economical, compact, modular,
Random Access Core Memory Sys-

tem Model 470, offers storage capa-
city up to 4,096 words per module,
6 to 26 bits, with word expanda-
bility to 32,768 by adding on ad-
ditional modules. The memory will
operate at speeds of 1.75 ps Full
Cycle and 1.0 ps Half Cycle; Access
Time is 750 ns. A special “Memory
Select” control input, in conjunc-
tion with unique expansion tech-
niques, allows for easy decoding of
memory blocks.

The Model 470 can be supplied
with or without Power Supply, and
requires no external cooling to

EL
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BATTERY
CHARGER

BATTERY
PACK

keeps AC profitably

on-the-joh!

ECTRO-PAC® A" Standby Power Supply
e Assures uninterrupted AC power

® Rated for reactive loads

* Regulates AC voltage to the load

e Suppresses line harmonics

The Model 2149 provides consistent
power flow to critical processes...or-
derly start-up or shut-down during emer-
gency power loss situations...depend-
able power for computer memories,
microwave installations, instrumenta-
tion operation, and other applications
requiring stable, regulated power. Main-
tenance-free. Available in 8 standard
Models: Outputs—0.5 to 7.5 kva at 120
vae, 60 Hz. Inputs—22-29.5 through
105-142.6 vde, and 100-130 vac, 60 Hz.

*19.2" W,
20.36" H,
10" D

seesssesssessssane esesecepesveenenn

1

] l TRANSFER]
SWITCH

BATTERY

CHARGER [

BATTERY
PACK =

CIRCLE NO. 51

88

dependable AC power

from DC

ELECTRO-PAC® “B’"’ Sine Wave Inverter

® Provides regulated AC from varying DC
source

® Rated for reactive loads

e Static circuitry eliminates overload/short
circuit damage...no maintenance required

The Model 2211 provides 60 Hz, voltage

regulated, harmonic suppressed 120 vac

from 24, 48 or 125 vde power sources.

Can be used as a no-break series stand-

by power system with charger large

enough to recharge battery and carry

the load. It can also be used in parallel

systems with electro-mechanical switch-

ing.

Circle Reader Service Number, or ask for
Bulletins 1351 and 1352 . . . Write Group H5

CLARE-
LECTROSEAL CORP.

Subsidiary of
C.P.CLARE & CO.
a GENERAL INSTRUMENT company

946 North Ave., Des Plaines, Ill. 60016

ON INQUIRY CARD

operate over the temperature range
of 0°C. to 50°C.

Physical dimensions, are: Height
—5.25 inches; Width—19.0
inches, relay rack mounting; Depth
— 19.0 inches, includes mating in-
terface connectors. Weight is 35
pounds. Fabri-Tek Incorporated,
Edina, Minn.

Circle No. 228 on Inquiry Card

IC DRIVER/DECODERS

An IC driver/decoder for driving
incandescent lamps in IEE rear-
projection readouts, utilizes inte-
grated circuits for gating and cod-
ing resulting in a smaller, more
reliable instrument. Other advan-
tages include internal data storage
for pulsed operations or single line
for strobe and re-set, low power
consumption (typically 500 mW),
same logic voltage as used with
1C’s and high noise immunity (1.0
V.) which prevents false decimal
indication.

All models incorporate forbid-
den code rejection eliminating am-
biguous displays. Standard 8-4-2-1
BCD code accepted; equivalent de-
cimal output provided. Industrial
Electronic Engineers, Inc.,, Van
Nuys, Calif.

Circle No. 218 on Inquiry Card

QUAD 2-INPUT NOR GATE

A digital IC quadruple two-input
NOR gate, with “Phantom-OR”
capability, offers the convenience
and economy of four extremely
high speed gates in one package. It
features a typical propagation de-
lay of 8.6ns; provides a typical
noise margin of 40 per cent of the
logic swing; and exhibits excellent
temperature tracking through the
use of an internal reference voltage
source. The CD2153 comprises
four gates each having two-inputs
and one NOR output in a 14-lead
hermetically sealed ceramic flat
pack. In addition to its inherent
high speed, and excellent noise im-
munity, the new quad two-input
gate can drive a 100-ohm trans-
mission line and is logic-level com-
patible with all the other circuits in
the CD2150 family. RCA/Elec-
tronic Components, Harrison, N.J.

Circle No. 205 on Inquiry Card
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Solid State Sensors

A 24-page booklet on solid-state-
controlled sensors and protective
devices includes complete descrip-
tions of functions, applications, and
graphic representations for 3-phase
average voltage sensors, over voltage
sensors, under voltage sensors, ad-
justable differential voltage sensors,
frequency sensors and 3-phase rota-
tion sensors. Guardian Electric
Mfg. Co. of Calif., Inc. Culver City,
Calif.

Circle No. 301 on Inquiry Card.

Computer Talk

A series of quarterly bulletins, cov-
ering problems unique to computer
users, called “Computer Talk”,
deals with a variety of subjects per-
taining to the electronic data pro-
cessing field. The initial issue cov-
ers the handling and storage of com-
puter tape. 3M Company, Magnetic
Products Division, St. Paul, Minn.

Circle No. 305 on Inquiry Card.

Data Set

A 12-page brochure describing the
26C Duobinary-Datatel (TM) Sys-
tem includes an equipment descrip-
tion, photographs and performance
information. Lenkurt Electric Co.,
Inc. San Carlos, Calif.

Circle No. 310 on Inquiry Card.

Terminal Blocks

Completely new line of terminal
blocks and accessories, is described
in this 8 page illustrated bulletin
500.2. Each terminal block is pre-
sented pictorally in both color and
black and white illustrations, and
is fully described as to installation
procedures. Catalog specifications
are also given. Also included are
illustrations of the various accessor-
ies, and catalog information. A tem-
perature rating graph is shown and
instructions for finding current rat-
ing are given. The Thomas & Betts
Co., Elizabeth, N. J.

Circle No. 307 on Inquiry Card.

LITERATURE

Sub-Miniature Lamps

A 28-page color catalog on high re-
liability illumination with minia-
ture and ultra-miniature lamps, lists
complete characteristics for 144 sep-
arate lamps. Included are many
Military Standard and U.S. A, Stan-
dards Institute items. Also featured
is an 8 page section with facts on
illumination, lamp design and spe-
cialized lighting techniques, plus an
improved light chromaticity dia-
gram. Los Angeles Miniature Prod-
ucts, Inc., Gardena, Calif.

Circle No. 304 on Inquiry Card.

Functional Semiconductor
Assemblies

A 12-page brochure presents in
basic terms the advantage of using
solid-state assemblies in all types of
consumer, industrial and military
systems plus gives insight into what
to look for in your equipment that
could benefit from cost and time-
saving advantages. “One-purpose,
one-purchase, one-time” advantage
is stressed with special emphasis on
specific, illustrative examples — in-
cluding circuits — of a variety of
functions that have been engineered
and designed to fit a wide spectrum
of customer-specified electrical and
mechanical criteria. Motorola Semi-
conductor Products Inc., Phoenix,
Ariz.

Circle No. 303 on Inquiry Card.

Dry-Type Transformers

A veritable encyclopedia of dry-type
transformers, this 72-page catalog,
lists full engineering information,
including specifications and per-
formance curves and similar charts.
Also featured in a new line of oil-
and Askarel-filled power transform-
ers and a unique SBW line of con-
trol transformers. In addition, other
specialty products such as saturable
reactors, power supplies, voltage
regulators and accessories are listed.
Hevi-Duty Electric, Division of Sola
Basic Industries, Goldsboro, N.C.

Circle No. 306 on Inquiry Card.

NO HOLES
IN OUR
LOGIC.

MicroVersaLOGIC is the com-
plete and compatible line of IC
logic cards for today’s de-
manding applications. De-
signed by systems engineers
for systems engineers, WL is
the practical line, easy to use,
tested and proven in countless
applications.

And MicroVersalLOGIC cards
right now cost you no more
than ordinary cards.

fJ
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In addition to conservative 5
mHz rating, the complete
MicroVersaLOGIC line gives
you all the ready-made build-
ing blocks you need for any-
thing from a register to an en-
tire digital system, including
plug-in power supplies and a
broad line of system assem-
blies and accessories.

Let us send you our 40-page
catalog, which will give you all
the facts and possibilities of the
MicroVersaLOGICline. Just
tell us who and where you are.

(714) 646-9371 TWX (910) 596-1358
CIRCLE NO. 52 ON INQUIRY CARD

@varian data machines
a varian subsidiary

1590 Monrovia Ave., Newport Beach, Calif. 92660

89



Need to
sample
low-level
transducers?

cut your
per-channel cost
with IEC’s new
MX 500 Series
Low Level Analog
Multiplexer.

The MX 500 benefits both designers and

users of Data Acquisition Systems:

= Eliminates data amplifiers in each
channel

= Reduces system costs sharply

= Simplifies system interface

= Reduces system size, power, and cooling

= |ncreases system reliability

= Simplifies system checkout and
operation

= Reduces system maintenance and
spares

Outstanding features include:

= =5 mv to =500 mv full scale inputs
(=10 v full scale output)

= Up to 50 kHz sample rate

= Easily expandable up to 1000
differential, guarded channels

= 120 db common mode rejection

= Sequential or random address channel
selection

= Automatic and programmable gain
selection

= QOverload protected

= Solid state—FET switches—IC logic

= Available with or without AD converter

The new MX 500 interfaces easily with
any Data Acquisition System. Need more
information on how you can use the MX
500 in your system? Simply call or write,
today.

gl
[CC

CORPORATION

Subsidiary of “AUTOMATIC” SPRINKLER
CORPORATION OF AMERICA

707 E. Vermont Ave., P.O. Box 3117
Anaheim, California 92803 (714) 772-2811

CIRCLE NO. 53 ON INQUIRY CARD
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LITERATURE

Systems Computer Manual

A 400 page manual for use with the
DATA 620/i systems computer,
contains major sections on the
features and operation of the 620/1;
a system reference; a programming
reference; FORTRAN reference
and operating instructions; subrout-
ing descriptions; and interface ref-
erence. The DATA 620/i is a sys-
tem-oriented  digital computer,
designed to fill the gap between
special purpose digital hardware
and general purpose computers.
Variam Data Machines, Newport
Beach, Calif.

Circle No. 311 on Inquiry Card.

D-To-A Conversion System

“Y” Series Digital-to-Analog Con-
version Systems; are emphasized in
a brochure which illustrates elimi-
nation of problems of logic level
compatibility, analog-digital isola-
tion, and data input coding. Sys-
tem structure and operation are
discussed, including features such
as the flexible addressing capability
and the availability of two Data
Distributors to provide different
degrees of sophistication in system
control. A functional block dia-
gram, timing diagram, photographs
and system specifications are in-
cluded. Adage, Inc., Boston, Mass.

Circle No. 319 on Inquiry Card.

Epoxy Resins

Bulletin No. 28 describes method
of applying epoxy systems and the
required hardeners to obtain im-
proved product performance, and
increased productivity. Complete
discussion is given on applications,
especially for requirements in elec-
tronic cooling equipment, utilizing
epoxies for bonding parts, for di-
electric coatings, and in casting or
potting of components. Specific ex-
amples are discussed along with pro-
cedures for use of epoxies with alu-
minum, copper, steel and silver.
Wakefield Engineering Inc., Wake-
field, Mass.

Circle No. 302 on Inquiry Card.

Test Equipment

Insulation test equipment, elec-
tronic test and measuring instru-
ments, high-voltage power supplies,
and automatic component testers
are comprehensively covered in 40-
page catalog 81. The section on
insulation test equipment provides
complete technical data and spe-
cifications. A special section is also
devoted to automatic component
testers. Beckman Instruments, Inc.,
Cedar Grove, N. J.

Circle No. 309 on Inquiry Card.

Printed Circuit Connectors

A family of low cost, commercial
edge card printed circuit connec-
tors is detailed in a four page bro-
chure. Test performance data is
listed in table form so that a per-
formance/cost comparison can read-
ily be made with your current re-
quirements. Viking Industries, Inc.
Chatsworth, Calif.

Circle No. 308 on Inquiry Card.

Systems Hardware

A 36-page catalog, “System Mount-
ing Hardware, Cabling and Power
Supplies,” describes a recently in-
troduced line of interlocking sys-
tems hardware that reduces the
mechanical and electrical problems
of constructing a digital system.
Through exploded views, dimen-
sion drawings, and photos, the cata-
log shows how various pieces can
be integrated into a system. Com-
plete specifications and loading
rules are given for individual items.
Scientific Data Systems, Santa Mon-
ica, Calif.

Circle No. 312 on Inquiry Card.

Signal/Power Transistors

A line of silicon and germanium
small signal and power transistors
for military, industrial and com-
mercial applications, is presented
in a 40-page, 3-color catalog. Each
family of transistors is presented in
a separate section and includes
typical hgpg, Vpg(sat) and Vg (sat)
curves, along with specification
charts, outline dimension drawings
and actual size photos of the stan-
dard cases. Brief suggested applica-
tions are included. Solitron De-
vices, Inc., Riviera Beach, Fla.

Circle No. 313 on Inquiry Card.
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SALES
OFFICES
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BOSTON

Lindsay H. Caldwell
Professional Bldg.

Baker Ave.

W. Concord, Mass. 01781
phone: (617) 369-6660

NEW YORK

Kaiser, McElwain, Dolbey
Advertising Sales, Inc.

60 E. 42nd St.

New York, N.Y. 10017
phone: (212) YU 6-2654

CHICAGO

Robert E. Dunn

2 N. Riverside Plaza
Chicago, I11. 60606
phone: (312) 372-6266

Donald C. White
616 Dalton Place
Northbrook, I11. 60062
phone: (312) 272-6459

LOS ANGELES

David Barton

672 So. Lafayette Park P1.
Los Angeles, Cal. 90057
phone: (213) 382-1121

SAN FRANCISCO

David Barton

672 So. Lafayette Park PL
Los Angeles, Cal. 90057
phone: (213) 382-1121

CIRCUIT
DESIGN

The strictly realistic
art of circuit design
relates directly to
our projects in iner-
tial guidance and
digital computer sys-
tems. If you have
fine-line experience
in the design and de-
velopment of micro-
electronic circuits
for servo, analog and
digital applications,
please write Mr.
Jim Anderson.

— An equal opportunity
employer M/F —

5500 Canoga Avenue, Woodland Hills, California

[B LITTON INDUSTRIES, Guidance & Control Systems Division

CIRCLE NO. 903 ON INQUIRY CARD

LITERATURE

Indicator Lamps

Condensed catalog CMD-2, contains
information relating to standard in-
dustrial lamps, CM8 miniature,
thin line and line filament lamps,
neon glow lamps, and telephone
slide lamps. All lamps are listed in
numerical order to facilitate locat-
ing a specific lamp type. Each list-
ing indicates design voltage and
current, mean spherical candle
power, base type, bulb type, fila-
ment type, average life, maximum
diameter and length. Chicago Min-
iature Lamp Works, Chicago, Il

Circle No. 300 on Inquiry Card.

Encoder Applications

An 8-page monthly engineering
publication  called Application
Topics, describes the use of shaft
encoders for readout and control of
diffractometers, spectro-photomet-
ers, goniometers, ellipsometers, film
readers, and plotters. Actual appli-
cations are given in a case history

format. Free subscriptions as well
as back issues are available. Theta
Instrument Corp., Fairfield, N. J.

Circle No. 316 on Inquiry Card.

Potentiometers/Resistors

Potentiometers, field-assembled con-
trols, power rheostats and resistors
are described in this 32-page illus-
trated catalog. Included are photo-
graphs, engineering drawings, com-
plete technical specifications and
dimensional information. A spe-
cial section describing military-
qualified potentiometers is also pro-
vided. Clarostat Mfg. Co., Inc,
Dover, N. H.

Circle No. 320 on Inquiry Card.

Precision Switches

Four page 2-color condensed cata-
log contains 28 illustrations and
technical descriptions of tab type
thumbwheel switches, panel sealed
pushbutton switches, rotary selec-
tor switches and custom assemblies.
Chicago Dynamic Industries, Inc.,
Precision Products Division, Chi-
cago, Il1.

Circle No. 315 on Inquiry Card.
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careers In
mcro-
glectronics/
computer
lechnology

Why base your career on just one
interview?

EUROPEAN and
NATIONWIDE CHOICE

N. Y., N. J,, NEW ENGLAND, WASHING-
TON, D.C., PHILA., MINNESOTA, TEXAS,
HUNTSVILLE, FLA., ARIZONA, CALI-
FORNIA AND OTHERS

Contact us if you have some experience
or interest in any of the following:

[ Newest Memory Dvmt.—Cryo-
genics, Thin Films/Magnetics, Multi-
aperature Cores, Delay Lines, Disk
Files

O Micro-Electronics Design/
Dvmt.—Devices, Circuitry, Compo-
nents, Systems

O Solid State Circuitry—State of

the Art Technique Dvmt., New Uses
for Available Modules

[0 Logic and Digital Design
[0 Semi-Conductor Engineering

1 Solid State Materials
Technology

Unusually interesting Senior Staff
and Managerial Positions Available
to $22,000

Latest Generation
Hardware/Systems
And Circuit Design

All expenses are assumed by our client
companies

Write in confidence, including
present salary, acceptable loca-
tions or call (Collect) Mr. Nellis-
sen. (Area Code 212) Plaza 9-1720

dGT

ALBERT, NeELLissen, inc

Leading Consultants to Management
in the Computer Fiai

510 MADISON AVENUE, N.Y., N.Y. 10022

CIRCLE NO. 904 ON INQUIRY CARD.
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New Tally HR 150 perforated
tape readers run for reliability. With
zero preventive maintenance, the
reader is designed for a minimum life
of 10,000 hours. In typical reader
applications, minor failures would be
experienced less than once a year.
Day after day, month in, month out,
these new readers will give you “full
bore” performance without costly
downtime.

These remarkable “state of the
art” readers operate asynchronously

and bidirectionally at 150
characters per second and :
feature a compact, self-con- ¥
tained design, low noise level

and essentially zero prevent- |

ative maintenance. Heart of

the new reader is a new stepping mo-
tor technique which permits true
pulse by pulse operation and avoids
the wear and tear caused by continu-
ously moving parts.

Tape loading is easy and fast.
Reeling tension arms can be locked
upright for convenient tape thread-
ing. Rewind is bidirectional at 40

inches per second.

For full price,

g - delivery, and tech-

‘1 l nical information,

! ‘”’r‘ please write Tom

: Tracy, Tally Corpo-

ration, 1310 Mercer Street, Seattle,

Washington 98109. Phone: (206)

MA 4-0760. In Europe and the U.K.,

address Tally, Ltd., 6a George Street,

Croydon, Surrey, England. Phone:
MUN 6838.

The Long Distance Runners...

CIRCLE NO. 55 ON INQUIRY CARD




