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Try dropping
this
in your
computer!

Antienvironment is the name of Varian’s
latest computer game. We call it the
R-620/i, a ruggedized version of the pop-
ular 620/i (over 1000 sold worldwide).

The new R-620/i is a systems-oriented,
general-purpose computer that offers
highly reliable operation in the most
severe environments. It is specifically
designed to withstand vibration, shock,
humidity, dust and corrosion. Ideal for
mobile or permanent facilities in both
military and industrial applications.

With ceramic integrated-circuit reliability,
the computer features easy interfacing,
compactness, choice of 16- or 18-bit pre-
cision and a high-temperature memory
that can be expanded up to 32K words.

A large library of software, field-proven
on the functionally identical 620/i, is

available to you for the R-620/i. As well
as one of the largest service and main-

tenance organizations in the small-
computer field. The price is only $16,900.
The R-620/i, a good new reason for you
to talk to the big company in small
computers.

U.S. Sales Offices: Downey, San Diego, San
Francisco, Calif.; Washington, D.C.; Atlanta,
Ga.; Chicago, lll.; Waltham, Mass.; Ann Arbor,
Mich.; New Rochelle, Syracuse, N.Y.; Fort
Washington, Pa.; Dallas, Houston, Tex. Other
offices worldwide.

Varian Data Machines, a Varian subsidiary,

2722 Michelson Dr., Irvine, Calif. 92664.
Telephone: 714/833-2400.

varian
data machines

The Big Company in Small Computers
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Ferroxcube’s new
mini-cost stack for
mini-computers

Now solving your cost/speed,/delivery problem is child's play

Ferroxcube’s new Series 200 memory
stacks plug right into your computer
equipment. No special wiring ex-
pense. And they deliver speeds to 750
nanoseconds, capacities of 4K, 8K or
16K words with up to 40 bits.

The remarkable thing is that they
do all this at such low cost. The
secret? We built them around our 18
mil cores that sell at 20 mil prices.

If you want to save still more money
and don’t require 750 nanosecond
speed, we also make 20 mil versions.

Both types have 3D, 3-wire organi-
zation with high-density packaging

ment manufacturers...particularly so
in 3D, 3-wire technology.

That means unmatched experience.
We've learned how to give you the
best combination of quality, delivery
and price. Result: the lowest total
cost to you.

OurPluggable Mini-Cost Stacks can
solve a maxi-problem...your cost/
speed/delivery trade-off. To learn all
the reasons, write us for the Series
200 bulletin today.

Ferroxcube @

Saugerties, New York
A NORTH AMERICAN PHILIPS COMPANY

using double-matted planes. Now you
can get more memory into smaller
computer equipment.
The fundamental rea-
son for Series 200’s mini-
prices is the same one
that assures you of
mini-time delivery.
It’s this: Ferrox-
cube is the largest
independent sup-
plier of stacks to
computer equip-

Annapolis, Md.—(301) 932-7660; Burbank, Calif.—(213) 849-6631; Chicagow(f}lz)‘ 832-0450; Dallas—Data Marketing Assoc.,
(713) 686-9627;

794-4283; Houston—Data Marketing Assoc.,

(214) 231-1406; Denver—Wm. J. Purdy Corp., (303)

Minneapolis—(612) 920-1830; Necdham Heights, Mass.—(617) 449-1406; Orlando, Fla.—W. A. Brown & Assoc.,
Union, N.J.—

(305) 425-5505; Philadelphia—(215) 643-4117; Phoenix—(602) 264-3129; San Francisco—Wm. J. Purdy, Corp.,
(201) 964-1844; Toronto, Ontario—Philips Electron Devices, Ltd. (416) 425-5161.
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(415) 347-7701;

Saugerties, N.Y.—(914) 246-2811;



If you’ve been wanting someone
to bulld a low-cost digital tape drive
with Hewlett-Packard quality,

HP just did.

We've taken the OEM experience

we've gained from putting almost 4000
digital tape systems in the field.

Added what you’ve told us you'd like to
see in a low-cost tape drive for small
computers and off-line applications. And
produced the HP 7970.

It has all the features you're looking
for in a digital transport: IBM and
ASCII compatibility, 25 ips speed
without program restrictions, DTL/TTL
compatible interface. Seven or nine
track capability with simple field conver-
sion. Standard 101/ inch reels. Plus
handsome appearance, fingertip push-

button controls, backlit indicators for
quick operational status checks, dual gap
head for read-after-write error checking
capability.

It also has HP’s exclusive trouble-free
design and rugged construction, with cast
aluminum frame, automatically milled to
precise reference planes. The tape trans-
port components are mounted to this
frame on precisely indexed bosses to
assure that tape path tolerances are
routine. The HP 7970 also has electronic
deskewing, direct drive motors, single
capstan, and dynamic braking that
eliminates mechanical adjustments. Plus

the back-up capability of 141
Hewlett-Packard sales and service
offices around the world.

So if you want a low cost digital
tape drive with HP quality, call your
Hewlett-Packard field engineer for more
information on our new 7970. Or write
Hewlett- Packard, Palo Alto, California
94304; Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT (hp; PACKARD

MAGNETIC RECORDERS

42907




MARCH, 1970 « VOLUME 9 * NUMBER 3

DEPARTMENTS

10 CONFERENCE CALENDAR
24  INDUSTRY NEWS
36 CD DEVELOPMENTS

50 CD COMMUNICATION
CHANNEL

118 NEW PRODUCTS
146 CD LITERATURE
148 ADVERTISERS’ INDEX

Reader Subscription Card
opposite page 1

Reader Service Card
opposite page 148

Computer Design is published
monthly. Copyright 1970 by Computer
Design Publishing Corporation. Con-
trolled circulation postage paid at
Bristol, Conn. No material may be
reprinted without permission. Post-
master: CHANGE OF ADDRESS—
FORM 3579 to be sent to Computer
Design, Circulation Dept., P. O. Box
A, Winchester, Mass. 01890. Subscrip-
tion rate to nonqualified subscribers
is $15.00 per year; $1.50 per issue.
Foreign subscription rate is $25.00
per year; $2.50 per copy.

i\ CIRCULATION
OVER 45,000

<= CIRCLE 3 ON INQUIRY CARD

AR o =
MAGAZINE

OF DIGITAL

ELECTRONIIS

COMPUTER

ESIGN

FEATURES

55

63

71

77

88

lo08

114

THE DIRECT FUNCTION PROCESSOR CONCEPT FOR SYSTEM CONTROL

by Saul B. Dinman
Here is an architectural concept that permits the direct addressing of all internal
and external elements using a functional language

AN ENGINEERING TOOL FOR FIELD-SERVICING DATA
COMMUNICATIONS SYSTEMS

by Omer C. King and Dennis J. Toolan
Attaché-case “‘error trap’” can be connected in less than a minute to diagnose trouble
in a system

A SERIAL INPUT/OUTPUT SCHEME FOR SMALL COMPUTERS
by John D. Meng

Five coaxial cables replace 200 individual wires for serial data transmission to and
from a computer

AN EFFICIENT WAY OF TRANSFERRING SYNCHRONOUS
SEQUENTIAL DATA
by Julian S. Loui

Augmented transition tables and octal numbers provide a fast, reliable procedure for
transferring synchronous sequential data from a state table to Karnaugh maps

1970 IEEE INTERNATIONAL CONVENTION AND EXHIBITION
A preview of this year’s convention includes vital show -information, technical pro-
gram excerpts, and new products to be displayed

D/A CONVERSION FOR FAST, INEXPENSIVE DISPLAY
by Carl M. Kramer

Use of current output D/A converters with simple resistor networks are particularly
suited for CRT display systems

LOGIC CARD SYSTEM CONCEPT PERMITS USER TO
PREPARE OWN LOGIC

Physical design time required by standard logic card or back-plane approaches can
be reduced with this system



W. Jerry Sanders I
took eight years getting
from sales engineer to
chief marketing
executive of a $100
million semiconductor
company. Along the way
he managed to learn the
business from the men
who invented it. He's

Advanced Micro Devices'

President and Chairman
of the Board.

Jack F. Gifford led the
linear circuit business
into the industrial,
computer peripheral and

instrumentation markets.

He's specialized in
product definition and
planning. That's why
he’s Director of
Marketing and Business
Development.

Sven E. Simonsen has
more than four years in
the development of
monolithic complex
digital circuits. He
designed and developed
the 9300 MSI sequential
circuit family. He is
Director of Engineering,
Complex Digital
Operations.

D. John Carey Wwas

_responsible for the

development and
manufacture of 26
monolithic complex
digital circuits in 12
months, including the
9300 MSI family. He's
Managing Director of
Complex Digital
Operations.

"Why don't we get together
and start a business?




ADVANCED MICRO DEVICES, INC.
901 Thompson Place, Sunnyvale, California 94086 Established May 1, 1969. I

CIRCLE 4 ON INQUIRY CARD

Advanced Micro Devices has perfected the production technology of complex,
mainstream digital and linear monolithic circuits.

James N. Giles
collaborated with R.
Widlar on the design and
frequency-compensation
of the first monolithic op
amps. He wrote the
Fairchild Linear Circuit
Handbock, the industry’s
standard reference.

He's Director of
Engineering, Analog
Operations.

Edwin J. Turney has
ten years’ sales manage-
ment experience in the
semiconductor industry.
He's been involved in the
growth and service needs
of customers like XDS,
Burroughs, NCR and
many more. That's given
him special credentials
for his job as Director of
Sales and Administration.

R. Lawrence Stenger
increased the
reproducibility of the UA
709 from 6,000 circuits
per month to 400,000!
His department produced
22 second-generation
LICs in two years. He's
Managing Director,
Analog Operations.

Frank T. Botte worked
on the industry's first
linear I.C.s. He developed
the first production-
reliable MOS monolithic
capacitor, making
possible the UA741—

the industry’s first
frequency-compensated
op amp. Now he's
Director of Development,
Analog Operations.




Only tools needed

to maintain any Gast
motor-mounted
vacuum pump

-

Normal service is occasional flushing of chamber and re-
placement of vanes. Just remove the six end plate bolts and
you're inside . . . it's really that simple.

GZEsT
ROTARY
vacuum pumps

37 models from .3 to 50 cfm
vacuum to 29” Hg

Information on the full line of motor-
mounted or separate drive, oil-less or
lubricated, vacuum or pressure pumps is
in the Gast “‘Designer’s Handbook.” Send
for it. We'll include prices and the interest-
ing “Vacuum Ideas’’ booklet, too.

Gast Manufacturing Corporation
P.O. Box 117-Y, Benton Harbor, Michigan 49022
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Solid state displays

The MAN 1 is a seven-segment light-emitting
all-semiconductor alpha-numeric readout.

Put the attention-demanding red light from electrically
excited GaAsP to work in your digital displays for industry,
computer peripherals, or avionic/marine instrumentation.
Our MAN 1 is shock-resistant and long-lived. Offers styling
advantages because it’s flat, parallax-free and visible within
150°. Reads out all numbers plus A, C, E, F, H, J. O, P and
U. Available now. Any quantity.

Brightness: 200 ft-lamberts @ Ir =20 ma, 3.4V, per segment

Compatibility: directly interfaces with off-the-shelf IC de-
coder/drivers

Price: -

g

12 mW @1A IR emitters

New high power low cost 9000 A GaAsLITEs
give you extra mW for your $.

Design these powerful infrared sources into your next card
or tape readers, intrusion alarms, or calibration units. Any-
thing that uses silicon detectors wants our ME 2 and ME 5
GaAs infrared emitters. They give you a 2500-mil® emitting
area with either lambertian (ME 2) or collimated (ME 5)
radiation patterns. Guaranteed minimum output: 10 milli-
watts at T amp. (Less expensive ME 2A and 5A versions ra-
diate 7.5 mW.)

Peak forward current: (1gs pulse width, 300 pps) 25 amps
Forward voltage: 1.3 V typ (Ir=1.0 A)
Rise time: 10 nanoseconds

Prices: ME 2, 5: 1-9, $30; 1,000, $12.50
ME 2A, 5A: 1-9, $14.75; 1,000, $8.00

i

GaAsLITEs by the millions

Bright red solid state lights are here. And affordable!
Want high performance and low price? Immediately? Or-
der our new MV 50:

750 ft-lamberts @ 20ma; thousands ready to be shipped
from your Monsanto distributor at $1.50 each.

Finally, a price that lets you justify GaAsLITEs for high vol-
ume applications. MV 50s can replace miniature and sub-
miniature lamps down to the T3/4 size. Their solid-state
reliability makes them ideal for indicator lights in com-
puter systems, data processing equipment, communications
systems, and as diagnostic lights on pc boards. And just
think what you could do with them in large arrays and in
optical logic systems. . ..

Size: 0.10” diameter |

Output: 750 ft-lamberts (6500 A) @ 1.6V, 20 ma

Switching time: 1 nanosecond

Frice: 1-9, $2.30; 1,000, $1.50 /

(Il

The superfast detector

Our 500-picosecond silicon PIN photodiodes, MD 1
and MD 2, complement our light-emitting diodes.

High speed optical switching has all kinds of sexy uses to-
dey: Laser detecting, for instance, and optical encoding.
Even simple burglar alarms can use it.
Their half-a-nanosecond response cycle makes them per-
fect mates for Monsanto GaAsLITEs. And they work with
other sources, too. Packaged in standard transistor cans,
they’re easy to handle and mount. Available with either flat
lens or built-in optics.
Rise time: .5 nanoseconds (Vrk= 20V; R.=50%)
Breakdown voltage: 50V (I = T01A)
Sensitivity: MD 1 1.5 kA/mW/cm? (min) (.9 microns,
Ve = 20 volts)
MD 2 3.0 )A/mW cm? (min) (.9 microns,

ﬁ

Ve = 20 volts)
Price: 1-9, $6.25: 1,000, $3.40

CIRCLE 6 ON INQUIRY CARD

Prices quoted are manufacturers suggested resale price.

Monsanto

All available through Schweber, Semiconductor Specialists, Kierulff
or K-tronics. For additional technical information and world-wide
distributor list, write Monsanto Electronic Special Products, 10131
Bubb Road, Cupertino, California 95014. (408) 257-2140
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LEVEL DETECTOR AND LAMP DRIVER

Leave the driving to us.

Interface at the output of a TTL system calls for circuits
capable of handling up to 1 amp or 100 volts. From
there, you can drive a line, trigger a relay, control a
motor or light your lamps. Similarly, your MOS mem-
ory requires MOS clock drivers to deliver precision
pulses to registers for a completely compatible TTL
system (our registers are already TTL compatible at
data input/output).

For total digital systems—DTL, TTL or MOS, National
drivers come in TO-5s or molded silicone dual in-lines.

CIRCLE 7 ON INQUIRY CARD

They’re part of the National scene, low cost and ready
to go from distributors’ stocks.

Call, write, TWX or honk for our drivers guide with
charts, specs and applications notes. National Semicon-
ductor, 2900 Semiconductor Drive, Santa Clara,
California 95051 (408) 732-5000 TWX: 910-339-9240
Telex: 346-353 Cables: NATSEMICON.

National/Digital
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" MOS Clock |

Driver System

Complete MOS Clock Driver System

CLOCK PHASE 1

DRIVER
CH1033

CLOCK PHASE 2

DRIVER
CH1033

DUAL CLAMP AND
INPUT FOUR PHASE |- BLANKING CH1070
(DTL, TTL, — SEQUENCER
ETC) CH1060 |- DUAL CLAMP AND
BLANKING CH1070
o

PHASE 3

DRIVER
CH1033

PHASE 4

The four phase system shown uses a CH1060 FOUR PHASE
SEQUENCER, four CH1033 HIGH SPEED CLOCK DRIVERS
and two CH1070 DUAL CLAMP AND BLANKING CIRCUITS.

The SEQUENCER generates four clocks from a single input
which minimizes package count. Sequencers can be intercon-
nected to provide 1, 2, 3, 4 or more phases.

The HIGH SPEED CLOCK DRIVER swings — 27V into 600 pf
in 20 nanoseconds, thereby reducing power consumption at
high frequencies.

A variety of other clock drivers are available including those
which operate from +5V to —15V.

CLAMP AND BLANKING CIRCUITS eliminate overshoot
and capacitively coupled crosstalk which can produce un-
reliable MOS operation. They also prevent clock overlap. The
amount of non-overlap can be externally adjusted.

We also have data communication circuits, teletype inter-
face circuits, lamp and relay drivers, and a circuit develop-
ment capability for your custom requirements.

OFF-THE-SHELF HYBRID CIRCUITS FROM

@National Avenue, Mountain View, California 94040, (415) 969-9?
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CONFERENCE
CALENDAR

April 21-24—Int'l Magnetics Conf.
(INTERMAG), Statler Hilton Hotel,
Wash., D. C. Sponsor: G-MAG. Infor-
mation: D. S. Shull, Bell Telephone
Labs., 3300 Lexington Ave., Winston-
Salem, N.C. 27102.

May 4-6—IEEE Transducer Conf,,
Governor’s House, NBS, Gaithersburg,
Md. Sponsor: G-IECI. Information:
H. P. Kalmus, Harry Diamond Labs,
Dept. of the Army, Wash., D.C. 20438

May 5.7—Spring Joint Computer
Conf., Convention Hall, Atlantic City,
N.J. Sponsors: G-C AFIPS. Informa-
tion: AFIPS Hdgs., 210 Summit Ave.,
Montvale, N.J. 07645.

May 11-13—Aerospace Instr. Sym.,,
Wash. Plaza Hotel, Seattle, Wash.
Sponsor: Instr. Soc. of Amer., Aero-
space Div. Information: L. J. Mertz,
The Boeing Co., MS 55-04, Box 3707,
Seattle, Wash. 98124

May 25-27—Analysis Instr. Sym.,
Chatham Center, Pittsburgh, Pa. Spon-
sor: Instr. Soc. of Amer.’s Pittsburgh
Sec. Information: W. V. Daily, Nine
Safety Appliances Co., 201 N. Brad-
dock Ave., Pittsburgh, Pa. 15208

May 26-28—Ann. Sym. & Exhibit.
Sponsor: Soc. for Info. Display. Infor-
mation: W. M. Hornish, Western Un-
ion, 82 McKee Dr., Mahwah, N.J.

June 8-10—Int’l Conf. on Comm., San
Francisco Hilton Hotel, San Fran.,
Calif. Sponsor: IEEE G-Comm Tech.,
San Fran., Sec. G-IT. Information:
A. M. Peterson, Stanford Res. Inst.,
Menlo Park, Calif. 94025

June 9-10—Workshop on Micropro-
gramming, Universit¢ de Grenoble,
France. Spomsors: ACM, AFCET, &
the University. Information: Prof.
Jean Kuntzmann, Mathématiques Ap-
pliquées, Cedex b3, 38-Grenoble-Gare,
France

June 16-18—IEEE Int'l Comp. Conf.,
Wash. Hilton Hotel, Wash.,, D.C.
Sponsor: G-C. Information: D. E.
Doll, IBM Corp., 18100 Frederick
Pike, Gaithersburg, Md. 20760
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Shoot down your defective printed circuit boards
in the early rounds of the manufacturing process and
win the battle of the ledger with GR’s 1790 Logic Cir-
cuit Analyzer!

Put the 1790 into your battle plan and get the very
best weapon available to check your logic circuits
quickly and economically. The 1790 combines a
capacity to handle almost any board configuration
(up to 96 input pins and 144 outputs) with a simplified
test language (technicians can learn it in only a few
days) and computer speed (up to 4000 tests per sec-
ond). The end product is a GO indication,or a scope-
displayed or typewritten error message (ordiagnostic
instructions included in the test program) to give you
the most powerful logic-circuit analyzer on the mar-
ket. (A simpler GO/NO-GO test mode can also be
used.)

GENERAL RADIO l
@

howmany
will fall today?

Base price of the 1790 is $32,500 (a strategic
advantage for you), including installation and train-
ing. Additional computer memory and programmable
logic levels are available as options. If you'd like
more information for your strategy meetings, write
General Radio Company, West Concord, Mass. 01781
or telephone (617) 369-4400. In Europe write Post-
fach 124, CH 8034 Zurich, Switzerland.

Price applies in U.S.A.

CIRCLE 9 ON INQUIRY CARD

11




Who else
but Electronic Memories

12

Rugged design for ground based mobile
equipment, NANOSTAK 020 commer-
cial memory stack. High speed 850-
nanosecond full cycle time for 4K
memories. Features 3W, 3D organiza-
tion with word capacities to 16K by 40.
Built-in reliability and dependability.
Available with wide temperature range
cores for operation in severe en-
vironments.

Perfect for high speed, large ca-
pacity mainframe memory systems...
NANOSTAK 3020...technology break-
through in 3W, 2-1/2D stacks. Stackable,
compact size is an amazing 25% of com-
petitive planar stacks and offers a
significant advantage in form factor for
system packaging. Extremely fast 650
nanosecond cycle time for 8K or 16K
by 40, or 32K by 20 word memories.

COMPUTER DESIGN /MARCH 1970



o

High speed commercial memory system
—NANOMEMORY 2600. Full cycle time
of600 nanoseconds, and word capacities
of 16K by 18 or 8K by 36. It's all done
with a second-generation 2-1/2D drive
system with efficient circuit and logic
design, for reduced component count
and high MTBF, and wide operating
margins —the real feature of the 2-1/2D
configuration. It is easily expandable
in the field, and comes in a standard
19" rack.

Five new memory cores for your next
stack or system. All are medium or high
drive, all coincident current, and all
are fast switching for your high speed
applications. Four new cores available
in 18 mil, 20 mil, and two types of 30
mil sizes for use from 0° to 70°C. Also,
a new wide temperature range 18 mil
core for severe environments of —55°
to +100°C.

Compact, ATR compatible memory sys-
tem SEMS-6 for use in military and
rugged commercial aircraft applications.
Reliable performer is optimized around
8K or 16K with maximum capacities of
8K by 40 or 16K by 20. Full cycle time
of 2 microseconds, with access time
of 700 nanoseconds. Meets MIL-E-5400,
low power consumption and lightweight.

could introdL_lce five
brand spanking new
memories-at once

Only Electronic Memories, the technology leader, could
introduce five important new memories at once. Each one
offers significant advances to provide you with faster, more
reliable, and lower cost memories. Each one is loaded with
outstanding new design features to give you faster access,

larger capacity, and more economical operation. From cores

and stacks to megabit memories, Electronic Memories has
the memory products for your next, faster, more powerful
computer system. For more facts and figures, just write.

electronic memories

a division of electronic memories & magnetics corporation

12621 chadron avenue, hawthorne, california 90250
telephone (213) 772-5201 TWX: 910-325-6213

CIRCLE 10 ON INQUIRY CARD



Sylva

the MSI
supermarket.

nia introduces

FUNCTIONAL ARRAYS, TYPICAL CHARACTERISTICS (+25°C, +5.0 Volts)

toa Avg.Power Noise Immunity

Function Type Nos. (nsec) (mW) +(Volts)- Fanout
Full Adder SM10 Series Sum 22 Carry 10 90 10 1.0
Dependent Carry Fast Adder SM20 Series Sum 22 Carry 10 125 10 1.0
Independent Carry Fast Adder SM30 Series Sum 22 Carry 10 125 10 10
Carry Decoder SMA40 Series 2 25 10 10
4-Bit Storage Register SM60 Series 20 30/bit 19 1.0
e SM70 Series 20 30/bit 10 1.0
Gascade PllupOuipw o SM8O0 Series 25 250 10 10
Decade Frequency Divider gmg%gg gg:gz: ggmzi 1%2 10 10 Z?{ ;:,ri[éz(:
4-Bit Shift Register SM110 Series 25MHz 120 10 10 Do il vl
Parity Generator/Checker SM120 Series 22 125 10. 160 ;‘i’t';]’gﬂ‘mel
Comparator SM130 Series 17 120 1.0 1.0 ek
Programmable Binary Divider SM140 Series 25MHz 150 1.0 1.0 Elreits.
Programmable Decade Divider SM150 Series 25MHz 150 18 10
Binary Counter SM160 Series 25MHz 135 10 10
Decade Counter SM170 Series 25MHz 185 10 10
Binary Up/Down Counter SM180 Series 25MHz 205 1.0 1.0
Decade Up/Down Counter SM190 Series 25MHz 205 i0 10
BCD to 7-Segment Translator SM200 Series 85 280 10 10
Dual 4-Bit Multiplexer SM210 Series 10-20 130 10 10
Demultiplexer SM220 Series 9-14 225

Sylvania Electronic Components,
Semiconductor Division,

Woburn, Mass. 01801

SYI VANIA

GENERAL TELEPHONE & ELECTRONICS
CIRCLE 11 ON INQUIRY CARD




(nemoe

(is our thing)

}

If memory is your thing, you need Computer Microtechnology | CM 2100 64 BIT BIPOLAR

memories. The first one is ready, the CM 2100 64 bit bipolar read/ | READ/WRITE MEMORY:

write memory. It features the best minimum write pulse width in | Organization ... .16 words by 4 bits
the industry, 12 nsec typ. This combined with the other specifica- | Read Access Time . . ... 40 nsec typ.
tions gives you superior units for your applications. All decoding, it b
driving and sensing circuitry is on the chip of this self-contained
memory. You can achieve memory expansion simply through chip

Minimum Write Pulse Width . ... ..
12 nsec typ. 25 nsec max.

select input and wired-OR capability of outputs. [] The CM 2100 Compafibim" """" i a“.d T.TL

is ideally suited for high speed scratchpad or buffer memories. Do | Packaging...... 16 1ead duikindine

your thing. Check the specs and then order your CM 2100 memories | Price................ $40.00, 1-24

today. (0 PRODUCT LINE: 64 BIT, 256 BIT, 4096 BIT MEMORIES. | Delivery ................ Stock
-

Computer Microtechnology Inc.
610 Pastoria
Sunnyvale, California 94086
CIRCLE 12 ON INQUIRY CARD (408) 736-0300 15



At this price, there are no options.

Buy two Spiras-65 computers at this new low price (per
unit) and put away your wallet. We aren'’t going to put the
bite on you for any major options. Because all major
high-performance features are already built into the
Spiras-65:

@ 4K 16 bit memory expandable to 65K @ Hardware
arithmetic with double precision and floating point

® Block transfer DMC @ Direct memory access

@ Hardware priority interrupt @ 200 + instruction set cast
in expandable ROM @ Indirect addressing to 32K @ Page
free relative addressing +512 words @ Fully commented
software @ Software supported peripherals @ Nationwide
service @ 3 week customer training course

All these powerful capabilities are standards with
Spiras. So whether you buy one unit at the new low
single-purchase price of 12,400, 2 units at 9950 each,
30 units at 8500 each, or 100 units at 7000 each, you get
all the versatility and expandability you're ever likely
to need. And no options.

Spiras Systems, Inc.
Affiliate of
USM Corporation

L N N N N N |
| Request For Quote |
# Send to R. Frederickson,
Vice-President/Marketing I
Spiras Systems, Inc., 332 Second Avenue
Waltham, Mass. Telephone: 617-891-7300

Name. l

Title

Company.

Quantity__ Peripheral Requirements.

City. State. Zip. I

l Address.

L----------J
USM is a world-wide 400 million dollar designer and manufacturer of systems
aimed at improving the productivity of manufacturing and service industries.

16 CIRCLE 13 ON INQUIRY CARD COMPUTER DESIGN/MARCH 1970



L.LINEAR

Linear Integrated Circuit
technology is happening so fast,
it’s difficult to determine
which development to advertise
first. So, we’ve decided to
advertise everything at once.
As it happens.

Every month, you’ll see this
weird-shaped ad in the trade
press. It will include new
product announcements, appli-
cations, marketing decisions,
assorted breakthroughs, a
design contest, what-have-you.
Sort of a something-for-
everybody compendium of
Lic information. If you see
something you like, write us
and we’ll tell you more about it.

17



New Product EDITORIAL
Digest If We Can’t Sell You Ours,

In addition to the pA715 and We’ll Sell You Theirs.

pAT725, Fairchild is introducing

the following new Linears: For a long time, Fairchild Starting now, Fairchild is
4A731 Dual Channel Sense Amplifier built only linears designed by introducing a new line of linears.
2mV Threshold Accuracy Fairchild engineers. We didn’t, - We call them 1T circuits (Invented
?:tseii 2{‘1‘/’{2; 'Eirm‘l*) Z%;i?‘tiogter think anything else was worth the =~ There). The first two are avail-
e e e effort. People said we had an N1H able today: The LM101 and the
1#A735 Micro Power Amplifier (Not Invented Here) complex. MC1495. Soon we’ll add the
;g%gﬁfs’gyg; ggziumption And, they were right. LM101A, MC1496 and the
+3V to +18V Supply Voltage However, it’s been brought SN7524. Of course, we’ve given
10M¢ Input Resistance forcefully to our attention that them Fairchild part numbers.
AT Du;ef;:vsl‘;"(’:;:eN(‘;‘;b;:g:’ a couple other guys in this Here’s a conversion chart:
14V.s Noise (20Hz to 150KHz) business know what they’re doing. rA795 Analog
50uA Offset Current The competition is coming Multiplier = MC1495
20'00(1;‘;1/ Y sY f}itcigﬁugsei:‘l - out with some pretty worthwhile pA796 Modulator MC1496
uAT42 Zemec;i,ssing AC Trigger linears. Our customers have no- pAT748 Operational
Operates from AC or DC Supply ticed too, because they’re talking Amplifier LM101
%‘ﬁnn;%rggiftgﬁgﬁ;%(i;;:;iﬁfn to other manufacturers about pA777 Operational
Adjustable Hysteresis linears we don’t make. They’re Amplifier = LM101A
Reader Service Number 105 even talking to sole sourcers! wAT761 Sense
wATT g“ﬂ:‘ema"y Compenssted To keep things even, we’ve Amplifier = SN7524
Sho‘:t Cirpcuit Protected decided to give our wandering There will be other additions to
Latch-up Proof - customers something they’re the 1T line soon. So be sure
gf};%e\t, \I’;‘)ig:f:nléﬁllg:ﬁ?t";glté - going to need if they start dealing  you contact your local Fairchild
200,000 V/V Voltage Gain with a sole source linear maker: Sales Engineer before you drop a
_ Reader Service Number 106 A second source. Us. (Justin design for lack of a reliable
ARS8 Sgﬁ%ﬁi‘:ﬁ‘gﬂ:&gg Amp case the original supplier’s factory ~ alternate source. Just give him
Latch-up Proof blows up or they lose the the part number you want and
+30V Differential Input Voltage formula or whatever it is that ask him to check the 1T line.
200,0(%(:31/' ‘;l?l:‘;g‘f’m(g:’fm happens when you can’t get Farewell NIH.
1A749  Dual Op Amp delivery-) Reader Service Number 109
92dB Voltage Gain
20MHz Bandwidth
Latch-up Proof
Short Circuit Protected
Reader Service Number 108
Cont eSt Here’s how it works: -y month,'they w'ill Sfelect the .most
1) Get all the facts on a Fairchild fantastic application and give us the
LinearIC. designer’s name. We’ll publish the
Last year, Fairchild gave a series 2) Design the world’s greatest winning design here and give the
of seminars on Linear Integrated application for it. winner $100 upon publication.
Circuits in which we introduced 12 3) Send the application to us. To give you an idea of what we’re
new products. One device, the pnA742 All entries will be judged by the looking for, here’s Richard Burkhart’s
TRIGAC Zero-Crossing A.C. Trigger, .. editors of EEE Magazine. Every design:
was so significant we offered a free gt :
samp}e to anyone who came up with 1 s
an original application for it. We T = JtH £ o
got hundreds of replies. The most L |
ingenious was sent in by Richard M. ; av|, Tk
Bux_‘khal"t, a grac%ua.te student at the T 1 = !
University of Illinois. We liked Ps ! ol
Richard’s application so much, we lﬁ% I
decided to give him $100. Then, we ) ) =

liked the $100 idea so much, we L

decided to make it a contest. Send all entries to: Fairchild Linear Contest " REVERSE PHASE CONTROL CIRCUIT
P.O. Box 880A, Mountain View, California 94040

I
FAIRCHILD
e = S
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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New Op Amp has Gain of 3,000,000.

Fairchild’s new pA725 Instru-
mentation Operational Amplifier
can do the same jobs that used to
require expensive chopper-
stabilized or complex discrete
component amplifiers. The uA725
is ideally suited for use in Low
Level Signal Conditioners, Instru-
mentation Amplifiers, Precision
Measuring Equipment, Process
Control Systems and Data
Acquisition Equipment.

Electrical Performance/Features

Low Input Noise Current...0.6pA/ Hz
High Open Loop Gain . ... .. .3,000,000
Low Input Offset Current . .......3nA
Low Input Offset

Voltage Drift ............ 0.5uV/°C

High Common Mode Rejection .120dB

One of the many applications
for the pA725 is in Linear photo-
detection systems. Use of a PIN
Photodiode with the 1A725
provides the user with a low

Ry 100k
” _,Nw—o 10,000
5 10k2 GAIN
M—O0 1,000 RANGE

"s lm SELECT
—wA\—o0100
3=

noise linear detection system
which operates from low

voltage supplies and has
none of the inherent
disadvantages of photo-
multiplier tubes (high
voltage supplies, aging effects,
large physical size, high
power dissipation).

Reader Service Number 100 =

INPUT I’L«\

H/P 5082-4220 T
PIN PHOTODIODE

a7uF L
@I T

CALIBRATE

METER ImA
FULL SCALE

OUTPUT TO
RECORDER

—1 DC GAINS = 10,000; 1,000; 100; AND 10
BANDWIDTH = DETERMINED BY VALUE OF C
GAIN ACCURACY x 1000 0.03%

1:A725 PIN PHOTODIODE AMPLIFIER

pA715 Basis of Fast Sample/Hold Circuit.

Many data acquisition systems
require a sample and hold circuit
to improve analog-to-digital
conversion accuracy. The require-
ments of a good S/H circuit are:

1. minimum droop during the
hold period

2. high open loop gain for good
closed loop gain accuracy

3. high speed

4. minimum temperature drift

A basic sample and hold circuit
configuration looks like this:

In the sample mode, the sam-
pling switch Q1 is turned on and

Ry
ANALOG 0
INPUT

——O0UT
SAMPLE O

BASIC OPERATIONAL SAMPLE AND HOLD CIRCUIT

the circuit functions as an
inverting operational amplifier.
When Q1 is switched off, the
circuit functions as an integrator,
holding the output voltage
constant at the sampled value.
The acquisition time when
going from the hold mode to the
sample mode is a function of the
time constant R2C1 and the
required accuracy, and is given by:

100
ta= RQC] 1In (W)

18

A complete sample and hold
circuit is shown below. It includes
the components necessary to
compensate for the DC and AC
errors inherent to the basic config-
uration. The DC offset is adjusted
to zero by a 50k potentiometer
(Ry). C3, Cy, and C; provide unity
gain frequency compensation.

A junction field effect transistor
is used as the sampling switch Q.
Because there is some capacity
from the gate to the source of Q,

a portion of the gate signal to

the switch is coupled through the
device onto the holding capacitor
C, causing an offset error which

is bucked out by an opposing
signal, coupled by C,, from the
sample pulse input onto the
holding capacitor.

+15 Ry

Holding Accuracy. During the
hold time the output voltage
will tend to drift as the holding
capacitor integrates the input
bias current of the amplifier. This
drift is compensated by supplying
temperature compensated bias
current from a separate source, R,
RG’ R7 and Dl'

With a 10 volt step input (£5
volts to #5 volts) the settling
time to =0.05% is 10usec. This is
slightly longer than that given
by equation 1 due to the finite
“on-resistance” of the sampling
switch Q. If C, is decreased to
100pF the settling time is about
1usec. Temperature drift of the
output in the hold mode is
approximately 0.001% per degree
Centigrade for a hold time of
100pusec.

Reader Service Number 101

= | e 24360

'AVA'A'

15k | 0y Res
ANALOG gl BkT
INPUT L=

o W

SAMPLING OFFSET & Ry o LLs

ADIUST 15600F S 1k ofo;
Ll

O OUTPUT

+5V e,
62pF

< HOLD 2%

SAMPLE SAMPLE
PULSE

<
SE3005 1z

7500 2

>~
001 1F

D.C. OFFSET
ADJUST
+15v

C3T 2000F G5 g0pr 8242

1A715 SAMPLE AND HOLD CIRCUIT
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June 16-18, 1970
at the
Washington
Hilton

Hotel

Qutstanding Speakers

Mr. Maurice Allegre,
Director of Electronics, France
Dr. G. M. Amdahl, IBM
George Cogar, Cogar Corporation
Dr. Lee A. DuBridge,
Presidential Scientific Advisor
Bob O. Evans, IBM
Prof. Mike Flynn, Northwestern
Robert Forest, Datamation
Dr. Martin Greenberger,
Johns Hopkins University
Dr. H. R. J. Crosch,
National Bureau of Standards
L. C. Hobbs, Hobbs Assoc.
D. L. McGurk, Xerox Data Systems
Dr. Lawrence Roberts, ARPA
Dr. D. L. Slotnick, University of Illinois
Ivan E. Sutherland,
Evans-Sutherland Computer Corp.
Dr. Gardiner L. Tucker, DOD
And others
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Come to <
Washington, D.C.
in June
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IEEE

Computer Group
International
Conference

and Exposition

Challenging Sessions

Technological and Market Overview
Systems Architecture
Computing Power in Terminals
Software and Terminals
Advanced Terminals and Sensor
Actuator Devices
Low Cost Teledisplays
Terminals for News Processing
and Editing
Systems Evaluation and Testing
Main Frame Memory Technology,
A Debate
Functional and Control Memories
New Memory Devices
Packaging for Electronic Systems
Rotating Mass Memories —
Design Trends and Tradeoffs
Venture Capital

CIRCLE 14 ON INQUIRY CARD
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Find Out

Where Terminals,
Peripherals

and Memories
are Headed

in the 1970’s

To exhibit, write or call:

IEEE Computer Exposition
1040 Shoreham Building
Washington, D.C. 20005

(202) 347-0425

To register, write or call:

Mr. Don E. Doll

|IEEE Computer Group
Conference—1970
Box 1727

Rockville, Md., 20850

(301) 840-6217

> B
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The New 1969-70

COMPUTER INDUSTRY ANNUAL

With 50% more comparative charts than the trail-blazing 1967-68 edition!

THE DEFINITIVE REFERENCE GUIDE FOR COMPARING, SELECTING,
436 Pages  $18.50 SPECIFYING AND PURCHASING COMPUTERS, DATA SYSTEMS, AND
(Hardcover) i RELATED PRODUCTS ... THE MOST USEFUL PLANNING GUIDE FOR
= MANAGEMENT, CONSULTANTS, ANALYSTS...A TIME-SAVING DIREC-
TORY OF SOME 23,000 SALES OUTLETS OF 1,658 SUPPLIERS.

Updating and expanding the 50,000 copies of COMPUTER INDUSTRY ANNUAL 1967-
68 now in use throughout the data processing, management control, information sys-
tem, and computer service worlds, the new 1969-70 edition is highlighted by 126
pages of comparative charts. Here is instant research on the performances, availability
and prices of hundreds of computer-related products and services — and thousands
of convenient sales and service outlets.

Published by Computerfiles, Inc. (a subsidiary of Computer Design Publishing Com-
pany), COMPUTER INDUSTRY ANNUAL combines the wealth of comparative data
developed by Computerfiles and the editorial insights and presentation talents of the
staff of Computer Design magazine. Its dozens of time-saving, money-saving compara-
tive charts are accompanied by frank and knowledgeable discussions of the trade-offs
which lead you toward an optimum balance of price and performance when you plan,
develop, specify or buy computers and related products or services.

Here, then, for only $18.50, is the usefully-organized result of hundreds of research
hours — an essential planning and decision-making tool for all who work with or
depend on the work of computer systems.

436 Hané-boundCPages (Tradeégff Anal- Part | — Comparative Characteristics of
yses — 65 pp.; Comparative Charts — i —
126 pp.; Product-Service Directory — Semputer Eqmpr.nent g Part I
108 pp.; Manufacturer-Sales Outlets — Product and Services Directory . . . Part
112 pp.) Il — Manufacturers’ Directory

To: COMPUTER INDUSTRY ANNUAL
Box 258, West Concord, Mass. 01781

[ Bill later @ $18.50 plus @ $1.50 each shipping.
[0 Payment enclosed @ $18.50. Ship prepaid.

I

I

I
TO I : :

| Ship promptly____ copies (@ $18.50) of the new 1969-70 Computer
ORDER | Industry Annual — the 436 page definitive reference guide to 1,354 com-
SIMPLY I puters, systems components and services from 1,658 suppliers.

| $10.00 IS THE PRICE FOR ENGINEER/SUBSCRIBERS
COMPLETE | Name

| TO COMPUTER DESIGN Tus $1.50 if not prepaid
AND | Gompaiy (p prep )
MAIL | i(I_lIéIPLY AFFIX THIS ISSUE'S MAILING LABEL HERE

ress
THIS I ON THE COUPON AND THEN MAIL WITH YOUR CHZECK TO BOX 258
1p.

CARD | '

| Purchase Order Number (if any)
>—> |

|

I

SEE COMPUTER DESIGN AT THE SJCC, BOOTH #6103. 21



Almost everyone knows our first name.
Lockheed. The confusion starts when they get
to the Electronics part.

Even though we’ve been in business for over
ten years, some people can’t get used to seeing
the Lockheed name on memories, computers,
and printed circuits.

Fortunately for us, a lot of people who buy
electronics have gotten used to Lockheed Data

L LD T T e I 9
i B Do Be pe o

'TEEERE R B

Funny it doesn't look

Products. We've shipped more bits of high
speed —one microsecond or faster—core mem-
ory than all other independent manufacturers
combined.

We're pretty sure that we're the largest manu-
facturer of complex printed circuitry in the
world.

And we build a complete control computer.
MAC 16. We make the entire mainframe, all the




parts, ourselves. There’s not another manufac-
turer of mini computers who can say that.

We're producing plated wire memory sys-
tems and flexible circuits. We have a habit of
being right there at the head of the line in new
product breakthroughs.

Our products don’t have wings. Or nose-
cones. So we may not look like a Lockheed to
you. But we're flying high all the same.

like a Lockheed.

Ask our competition. They know what a Lock-
heed looks like. And it isn’t funny to them.

Lockheed Electronics

Data Products Division
A Division of Lockheed Aircraft Corporation
6201 E. Randolph St., Los Angeles, California 90022

CIRCLE 15 ON INQUIRY CARD



IEEE COMPUTER GROUP CON-
FERENCE AND EXHIBITION TO
FEATURE MEMORIES AND PE-
RIPHERALS—With the peripheral
market predicted to be twice that of
the computer mainframe in the 70s,
the IEEE Computer Group has de-
signed its international conference to
examine these projections. The tech-
nical sessions will investigate the pe-
ripheral hardware, software and sys-
tems architecture expected to develop
in the next decade, with emphasis
equally divided between impact on
the computer market and technologi-
cal innovation in terminals, periph-
erals and memories.

The conference, to be held in
Washington, D.C. this June, is among

INDUSTRY NEWS

the first of its kind exclusively for de-
signers and manufacturers of periph-
eral equipment. Over 60 exhibitors,
both foreign and domestic, have con-
firmed space at this time. Many of
the exhibitors will be new companies
displaying products for the first time.

Planning and organization of the
conference is under the chairman-
ship of Bob O. Evans, president of
IBM’s Systems Development Division,
with assistance from Dr. Gardiner
Tucker, assistant secretary of Defense
Systems Analysis; Dr. Martin Green-
berger of Johns Hopkins University
and Henry S. Forrest of Control Data
Corp. International coordination is
being handled by Maurice Allegre,
director of electronics in the Office of

the Prime Minister of France. Each
of the technical sessions, many in-
cluding panel discussions, will be
highlighted by a paper solicited from
a senior scientist in the field. The
program has been rounded out with
papers presented by European, Asian
and American technologists.

The combination of the hottest
technical topic of the year, the most
important people in the computer
peripheral field and a carefully bal-
anced technical program could result
in this year’s meeting being the
sleeper conference of the year.

Registration is $25 for IEEE mem-
bers and $30 for non-members in ad-
vance, and $30 and $35 at the door.
Admission to the exhibits is free.

CONSIDINE WINNER OF “BEST
PRESENTATION” AT FJCC—Eu-
gene M. Grabbe, chairman of the
1969 Fall Joint Computer Conference
technical program committee, has an-
nounced that James P. Considine,
IBM, Yorktown Heights, N.Y. has
been selected as winner of the Best
Presentation Award for his talk on
“Establishment and Maintenance of a
Storage Hierarchy for an On-Line
Data Base Under TSS/360.” The

Award Committee judged the speech
to be an outstanding contribution to
speaker/audience communications in
the computer field.

Judging was based on review of
video tape recordings of all confer-
ence speakers. Considine will receive
a plaque at the 1970 SJCC banquet
in Atlantic City.

Cited for honorable mention was
A. H. Bobeck, Bell Telephone Lab-
oratories, Murray Hill, N.J. Bobeck

spoke on “A new Approach to Mem-
ory and Logic—Cylindrical Domain
Devices.”

According to Dr. Grabbe of TRW
Systems, Los Angeles, the ’69 FJCC
is believed to be the first major con-
ference to video tape all speakers for
use in judging of a Best Presentation
Award. Assistance to speakers was
provided through preconference pres-
entation seminars organized by the
program committee.

PROFESSIONALISM IN COMPUT-
ER FIELD EVALUATED-Present
and projected needs for professional
competence and ethical behavior in
the computer field were analyzed in a
recent meeting of a special, high-level
interdisciplinary study group. Under
the chairmanship of Willard Wirtz,
former Secretary of the Department
of Labor, the group devoted the ma-
jor portion of its study to ethical con-
duct, job requirements in the infor-
mation processing field, measurement
of individual proficiency, accredita-
tion procedures for vocational institu-
tions, statistical research covering em-

24

ployment, and the needs for informa-
tion programs directed to the general
public.

According to Dr. Richard L
Tanaka, president of The American
Federation of Information Processing
Societies, “The meeting marks a
major step in an ongoing study by
AFIPS of the overall needs for pro-
fessionalism in the computer field.
Conclusions and recommendations
are currently being formulated based
on the various viewpoints expressed
during this working session. AFIPS
plans to publish a comprehensive
summary of the meeting by late

spring or early summer of this year.”

Considerable attention was given
to the types of persons working with
computing systems, as well as to the
particular needs and activities of such
organizations as software firms, serv-
ice organizations, and educational in-
stitutions. :

Discussions covered sensitive sys-
tems having direct impact on the
public, including such areas of public
safety as air traffic control; various
billing systems; dossier-type systems,
such as credit bureau files; commer-
cial time sharing systems; and sys-
tems storing data of critical value.

COMPUTER DESIGN/MARCH 1970



Two sound reasons
for buying our keyboard.

The keyboard. The price.

First, the keyboard. It's all solid state. The
world’s first use of an integrated circuit as a
keyboard switching element.

Solid state switching eliminates the usual
keyboard levers, cams, pivots, ratchets, black
boxes and other assorted moving parts. In
fact, all the things that normally wear out and
cause service problems.

Next, the price. Only $98 in production
quantities of 2500 units for a standard 50 key
array (less enclosure).

To get the price down to $98 took an in-
vestment of 12 years and many hundreds of
thousands of dollars. Think about that for a
minute. If you're not prepared to make the

same dollar commitment, maybe you should
be looking to us for your keyboard needs.

Think too, about the triple bonus you get
with every MICRO SWITCH keyboard. Things
that money can't buy.

Like more than a dozen years of keyboard
manufacturing experience. A proven quality
assurance program. And the ability to meet
the most demanding delivery dates.

You'll benefit. And so will your product.

Let's get together and discuss the key-
board business on any basis you consider
important. Dollars. Technology. Compatibil-
ity. Reliability. Delivery. They’'re all important
to us. Call or write us and see.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

CIRCLE 16 ON INQUIRY CARD
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INDUSTRY NEWS

DR. BRICK RECEIVES IEEE AP-
POINTMENT-Dr. Donald B. Brick
has been appointed Systems Science
and Cybernetics chairman for 1970
by the IEEE.

Dr. Brick is president and techni-
cal director of Infoton, Inc., of Bur-
lington, Mass.

He is a senior member of the
IEEE, a member of Sigma Xi, the
Harvard Society of Engineers and
Scientists, the American Physical So-
ciety, the New York Academy of
Science, the American Society for the
Advancement of Science, the Society
for General Systems Research and
the Association for Computing Ma-
chinery.

Dr. Brick has performed research
and directed projects in information
processing and theory, bionics, elec-
tronic warfare, automatic recognition
and perception theory, communica-
tions, anti-submarine warfare statisti-
cal decision theory, radar systems and
control theory.

COMPUTER GRAPHICS CONFER-
ENCE TO BE HELD IN GREAT
BRITAIN—One of the most spectacu-
lar arrays of experts in the computer
field ever gathered to speak at a
single symposium has been lined up
by Brunel University for its CG. 70
Computer Graphics event to take
place April 14-16 on the university
campus at Uxbridge, Middlesex, Eng-
land.

The conference will comprise a ma-
jor exhibition and a symposium, which
has been organized into 20 sessions,
four running parallel at any one time,
so that delegates can choose the most
relevant for their field of interest. In
the event of any two clashing, how-
ever, delegates may attend video-
recorded repeats to be shown mid-day
and evening.

Of the 100 speakers, approximately
50 are from the U.S., 35 from UK and
others are from USSR, Canada, Aus-
tralia, France and Hungary.

Papers will include “Fundamental
Problems Facing Growth of Man-
Computer  Graphics,” “Supporting
Multiple Interactive Graphic Consoles
in a Productive Environment,” and
“Computer Graphics—Lessons From
the ’60s.”

In addition to those on technique,
there are sessions on specialist appli-
cations such as in the design of elec-
trical circuits, the design and con-
struction of civil engineering projects,
architecture, hospital administration
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and text processing for printing. A
complete session is being devoted to
management information systems.

The largest exhibition of its kind
will be run in conjunction with the
technical sessions. A block of eight
lecture theatres is being used for man-
ufacturers’ lecture-demonstrations and
three special-purpose hemispherical
domes are being erected on the Uni-
versity campus to house the main
body of the exhibition. The equip-
ment on show will range from data
transmission equipment to full-scale
working interactive computer graphics
systems. It is expected that several
companies will be showing equip-
ment for the first time.

MAJOR PRICE REDUCTION AN-
NOUNCED ON LSI MEMORIES—
Intel Corp., of Mountain View, Calif.,
has announced price reductions of
from 38 to 73% on LSI memories em-
ploying MOS and bipolar technolo-
gies. According to Robert Noyce, pres-
ident, the reductions stem from
production yields far higher than
those typical of the industry.

The reductions now apply to two
fully-decoded random-access memo-
ries: Model 1101, a 256-bit silicon
gate MOS memory with 1-us maxi-
mum access, and Model 3101, a 64-
bit Schottky-process bipolar memory
with 60-ns maximum access.

In quantities of less than 10, the
1101 sold for $150, the 3101 for
$99.50—they are both now available
at $40; in quantities of from 10 to
24, the 1101 was $110, the 3101 $74
—they also now sell for $40; from 25-
99, the 1101 was $80, the 3101 $53—
they are now available at $32.50;
100-249, the 1101 was $65, the 3101
$43—the price is now $26.50; quanti-
ties of from 250 to 999 are $26.50,
and from 1,000 to 2,000 are $23.50
each.

Since the high yields are due to
successful application of the silicon
gate for MOS devices and the
Schottky process for bipolars, lower
prices may be anticipated for all the
company’s circuits employing these
techniques.

SPEECH LEVEL STUDIES AIDED
BY COMPUTER-To assist in their
studies of speech level measurements,
scientists and engineers at Bell Tele-
phone Laboratories, Holmdel, N.J.,
are using a small computer instead of
a more conventional meter. In studies
of the “equivalent peak level” (epl),
a measurement that was pioneered

by Bell, the small computer, a Digital
Equipment Corp. (Maynard, Mass.)
PDP-8/L is used to record and dis-
play the actual epl measurements.
Unlike previous measures of speech
level, the epl is an objective measure-
ment rather than a measurement call-
ing for judgment by a human observ-
er; this can permit new relationships
to be derived in speech level studies.

Although a specialized meter could
have been constructed to make these
measurements, because of the unique
nature of what was to be measured,
the cost of producing such a meter
would have been between $8,000
and $9,000. Unlike a meter, the small
computer proved its value by being
“modified” to take different measure-
ments by altering its programming
instructions. The alteration was per-
formed in only a few hours. To
achieve this with a meter would have
entailed a redesign of the meter itself
and its rebuilding.

AMPEX DELIVERS PLANAR
STACKS TO DEC—Ampex Corp., of
Redwood City, Calif., has begun de-
livery of radically simplified core
memory stacks under a $500,000 con-
tract from Digital Equipment Corp.,
Maynard, Mass.

Eugene E. Prince, Ampex vice pres-
ident-general =~ manager, computer
products division, says the Ampex
planar pluggable stacks, designed to
DEC specifications, will be incorpo-
rated in the core memories of various
DEC computer product lines.

The stacks use a design that elimi-
nates all cabling, connectors, stack
hardware and hundreds of operations
previously necessary in producing and
using core stacks.

SOFTWARE PROGRAM DEVEL-
OPED FOR TESTING—A program to
assist IBM 360/DOS users in prepar-
ing test data and performing file proc-
essing activities has been announced
by Raytheon Service Co., of Burling-
ton, Mass.

Called ForMmAT 70, the program re-
quires a minimum computer configu-
ration of 32,768 bytes of memory, a
disc drive, and a card reader. It is de-
signed specifically as a “LOAD AND GO”
utility program.

Developed basically for testing ap-
plications, FORMAT 70 is also suitable
for selected phases of production be-
cause of its quick reaction time. The
program is parameter driven and flex-
ible, resulting in the reduction of test
data preparation and generation time.
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—their obsession with precision is solving tomorrow’s problems today.

Problems—like connectors requiring post true
positioning to within a mere .020 of an inch—won’t
stump Winchester Electronics. They've been mak-
ing AccurFrame® as close to perfection as modern
wire terminating machines demand.

And this fact proves the point: Of the various types
of wire terminating connect-
ors, only the HW Series
by Winchester Electronics,
positioned in AccurFrame,

consistently meets the contact true position toler-
ances required by automatic wire terminating
machines.

Now, if that doesn’t say something for Winchester
Electronics’ AccurFrame, perhaps you have a con-
nector requirement that does. Want to take us up

- on it? Write or call Win-
W| N C H E STE R ghelster Elelz_icltlronics, M;in
treet an illside Avenue,

ELECTRONICS oakvile, conn. 06779,

DIVISION OF LITTON INDUSTRIES

i
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INDUSTRY NEWS

COMPUTER SYSTEM INSTRUCT-
ED BY SIMPLE ENGLISH SEN-
TENCES—A complete computer data
acquisition system, compas, that uses
a programming system named coIL,
enabling engineers to instruct the
computer in simple English, has been
designed specifically for real-time ap-
plications where at the same instant
that signals and events are being
measured information is being proc-
essed. In many cases, this informa-
tion is then instantaneously used for
control. Non-programmers—engineers,
laboratory technicians, and supervi-
sory personnel—use simple declara-
tive sentences to communicate di-
rectly with the system which can in-
clude a broad range of analog and
digital peripheral products.

The system, demonstrated by Sys-
tems Engineering Laboratories, Inc.,
of Fort Lauderdale, Fla., monitors
and sequences many test stands si-
multaneously, solving the user’s
measurement and control problems
to assure meeting exacting quality
standards. Besides improving the
consistency of the tests over manual
methods, the standard computer sys-
tem also speeds statistical information
to management. Rejection causes and
trends can be automatically plotted
so corrections can be made early in
the manufacturing process.

coiL enables simple sentences to be
the means of communication between
the operator and the computer sys-
tem. Once the operator is familiar
with the language, he can use a forin
of shorthand that consists of the first
two letters of each command. Both
the simple declarative sentences and
the shorthand version sharply reduce
programming costs and can be inter-
mixed.

MINICOMPUTER IS HEART OF
BIOMEDICAL DATA SYSTEM — A
biomedical data system organized
around a Lockheed Electronics MAC
16 computer was introduced at the
recent Conference on Electronics in
Medicine in San Francisco. Designed
for ease of use and adaptive modu-
larity, the SP5000 system will support
a wide variety of data collection and
processing functions. It is also used as
a portable analog signal processor in
clinical and research environments.
The system is particularly well
suited for real-time patient surveil-
lance or controlled experimental proj-
ects requiring on-line data processing
and fast response. Data reduction and
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analysis can be performed, often mak-
ing the use of a large-scale computer
unnecessary. Developed by Civil Sys-
tems, Inc., of Anaheim, Calif., through
research under contract by National
Institutes of Health (HEW), the sys-
tem has ability to accept simultaneous
analog signals at combined effective
conversion rates of from 50 to over
400 kHz. Results can be displayed on
a CRT, recorded on magnetic or pa-
per tape, or output to a printer.

FAIRCHILD BECOMES A MAJOR
SUPPLIER OF 7400 TTL SERIES
—Fairchild Semiconductor, of Moun-
tain View, Calif., has entered the
market as a major supplier of 7400
series integrated circuits.

For its first penetration into this
general-purpose TTL market, the
company is offering 24 ceramic dual-
in-line products, which include the
entire 7400 family of digital gates
and flip-flops, at prices as low as 77
and 85¢ in quantities of 100.

The company is geared for a pro-
duction rate of two million circuits
per month, and distributors already
have large inventories of the devices.

In function and pin configuration,
the circuits are exactly equivalent to
the originals and can be plugged
into existing sockets without system
or interchangeability problems. Iden-
tical electrically to the originals and
having the same parameter distribu-
tions, the devices operate in the 0 to
74°C temperature range.

This second source series consists
of 17 gates, 6 flip-flops, and a BCD-
to-decimal decoder/driver. Included
in the series are the quad 2-input
AND gate and the triple 3-input
AND gate, which are the only AND
gates offered at regular speeds by a
major 7400 supplier.

The circuits will be followed by a
succession of MSI elements, at least
two every month.

COMPUTER MAINTENANCE
COMPANY ESTABLISHED — Com-
ma Corp., New York City, the first
nationwide, independent computer
maintenance company, has just been
established by three former IBM field
engineering executives.

The firm is headed by Richard K.
Puder, chairman of the board and
chief executive officer; George O.
Harmon, president and chief operat-
ing officer; and Arthur H. Eickhoff,
executive vice president.

The company, with corporate head-
quarters at 1250 Broadway, is estab-

lishing service locations in all major
cities across the country.

Puder estimates the maintenance
market at $100 million annually for
the growing number of computers
owned by users or leasing companies.
He expects this market to increase
substantially during the next few
years. According to Puder, the recon-
figuration market—modifying an exist-
ing system to meet the needs of the
new user—will reach $60 million an-
nually by the end of 1971. He fore-
casts that the current $2.5 billion
worth of computer equipment now
owned by leasing companies will be
reconfigurated at least 1.5 times on
the average between now and 1975.

The company offers the computer
industry the first major, independent,
nationwide alternative to the manu-
facturer’s own maintenance service.
It is available to those who own,
rather than rent, their systems. One
of the most important advantages is
that Comma Corp., whose only busi-
ness will be to render the full range
of maintenance’ services to computer
users, will dedicate itself to excellence
in performance and tailer its services
to the customer’s requirements. The
service for mixed computer systems
(computer systems composed of units
from more than one manufacturer)
will also be offered.

In addition to performing mainte-
nance services, Comma will offer
maintenance consulting services de-
signed to assure computer users a
continuing, high-level performance
from their equipment.

XDS REDUCES PRICES OF SYS-
TEM INTERFACE UNITS—Price re-
ductions averaging 20 percent have
been announced by Xerox Data Sys-
tems in El Segundo, Calif., for its
family of system interface units
(SIUS).

SIUs are standard XDS-designed
electronic subassemblies used to con-
nect XDS computers with such analog
and digital input and output devices
as transducers, converters, multi-
plexes, recorders, etc. The devices
permit XDS computers to be adapted
to virtually any task and eliminate
requirements for costly custom-de-
signed interfacing instrumentation.

Over 25 subassemblies comprise
the family of SIUs. They provide for
the computer’s interconnection with
A/D and D/A converters, analog
multiplexers, direct-to-memory data
channels, frequency-dependent con-
trollers and other devices that permit
the computer to communicate effi-
ciently with data generating and re-
porting sources.
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EVEN

SQUINTING
WON'T
HELP.

No use, fellas. You need a
‘ microscope to see the world’s most
densely packed LSl circuit.

That's what Electronic Arrays has
done this time.

4692 transistors (4096 bits of
memory) on a single 88 x 94 mil chip.

Since that kind of density is
not available elsewhere, may we
take this hallowed moment to
proudly proclaim our EA 3300 (a 512
word, 8 bit/word ROM) the
champion of the LS| world.

We didn’t, however, design the
EA 3300 this way just to show off.

EA 3300 has the most functional
complexity of any product available
today in a 24 pin package.

That reduces cost.

A smaller die further reduces
costs by giving you higher
yields and greater product
performance and reliability.

Our entire line of Registers,
ROM’s, Read/Write RAM's and Logic
circuits is made in production
quantities with the same
close-tolerance MOS technology as
the EA 3300.

And all products are available
immediately from 24 distributors
nationwide, and 6 international
distributors.

To.see is to believe. Do both ‘
by addressing your purchase orders
to your nearest EA distributor hey

- or to Electronic Arrays, Inc., 501 Ellis
Street, Mountain View, California =~
- 94040. (415) 964-4321.

Forms for your specialized bit patterns
are available from any of our
representative offices or directly from
the factory. The EA 3307, which
is an EA 3300 already programmed to
be an EBCDIC to ASCII and
ASCI! to EBCDIC code converter, is
available from distributor and factory
- stock. Features include two

output inhibit controls that give 1024
4/bit words; nine input addresses;
all decoding on the chip; power
requirements less than 100 milliw

synchronous 2 loc
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INDUSTRY NEWS

IEEE HONORS—The Institute of
Electrical and Electronics Engineers
has named three persons prominent
in the computer technology field to
receive awards.

Dr. William L. Rubin, director of
research for the Sperry Gyroscope Di-
vision of Sperry Rand Corporation,
was named an IEEE Fellow for his
contributions to the performance of
radar systems by signal-processing
techniques.

Dr. Rubin joined Sperry in 1957
as a research engineer and was as-
signed to the Advanced Studies De-
partment. He was promoted to re-
search section head in 1960, senior
research section head in 1963, re-
search department head in 1964, and
in 1967 was named assistant chief
engineer for research. He was ap-
pointed director of research in 1968.
In this capacity he is responsible for
research in radar, ASW/sonar, iner-
tial, digital and information systems.

A 1948 graduate of Columbia Uni-
versity with a B.S. in electrical en-
gineering, Dr. Rubin did his gradu-
ate work at the Polytechnic Institute
of Brooklyn. He received his M.S. in
1953 and his Ph.D. in 1960, both in
electrical engineering. He is in the
honor societies of Eta Kappa Nu and
Sigma Xi.

Dr. Rubin holds three patents in
the field of radar signal processing,
and in 1963 received the IEEE M.
Barry Carlton Award for the best
technical paper published in the
IEEE Transactions on military elec-
tronics. He is a member of the IEEE
and American Association for the
Advancement of Science.

E. Gary Clark, vice president of
Burroughs Corp., has been named
an IEEE Fellow for contributions in
the fields of television receiver de-
sign, computer circuits, and advances
in electronic data processing. Mr.
Clark is vice president and group
executive of Burroughs Defense,
Space and Special Systems Group
operations, headquartered in Paoli,
Pa. The Group conducts research and
manufacturing programs on a wide
range of custom-designed computer
systems, air traffic control equipment,
and special-purpose electronic devices
at nine facilities in the U.S.

Mr. Clark joined Burroughs in
1955 as a development engineer. He
served in several managerial posi-
tions before being appointed manager

of the company’s research division in
1960.
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When Burroughs Defense, Space
and Special Systems Group was or-
ganized in 1963, Mr. Clark was
named vice president in charge of
the group’s marketing activities. In
1967, he was named manager of
planning for large computer systems,
on the corporate management staff,
where he served until appointed vice
president and group executive in
June of 1968.

Mr. Clark holds 15 patents in the
areas of solid-state computer tech-
nology and television receiver de-
sign. He has served on several Joint
Computer Conference committees
and is a member of a number of pro-
fessional societies including the As-
sociation for Computing Machinery,
the Institute of Radio Engineers and
the Research Society of America. He
is also a member of the Professional
Group on Electronic Computers.

Dr. Dennis Gabor, Professor Emer-
itus, Department of Electrical Engi-
neering in the Imperial College of
the University of London, London,
England, was awarded the IEEE
Medal of Honor for his discovery and
verification of the principles of holog-
raphy. Dr. Gabor, who is known
throughout the world for his achieve-
ment provided the mathematical basis
for the beginning of holography
twenty years ago with his discovery
of how to reconstruct objects from
their light wave interference pat-
terns. The interference principle was
used by Dr. Gabor to construct the
first hologram in 1948.

Dr. Gabor, as a consultant to CBS
Laboratories in Stamford, Conn., is
a member of the scientific team
which developed Electronic Video
Recording. He is the recipient of
several scientific honors including
the distinguished Rumford Medal
awarded by Britain’s Royal Society,
1968 Michelson Medal for scientific
achievement from the Franklin Insti-
tute, and the International Christo-
pher Columbus Prize for communi-
cation theory.

He is a Fellow of the Royal So-
ciety, which was founded in 1660
and is Britain’s oldest scientific insti-
tution. He also is a Fellow of the
Institute of Physics, a Fellow of the
Institution of Electrical Engineers
(IEE), and an honorary member of
the Hungarian Academy of Science.

SIGNETICS MEMORY SYSTEMS
ESTABLISHED—The formation of a
Corning-Signetics subsidiary devoted
to the manufacture of memory sys-
tems has been announced by James F.
Riley, Signetics president.

Orville Baker and David Allison
will be principal officers of the cor-
poration—Signetics Memory Systems,
Inc., in Sunnyvale, Calif. In addition
to his new role, Baker will remain as
a vice president and director of Sig-
netics Corp. Allison, formerly vice
president of Signetics, will devote full
time to his new responsibilities.

Riley emphasizes that the new cor-
poration will benefit greatly from an
interchange of ideas and talent with
Signetics in much the same manner
that Signetics Corp. has benefited
from such an exchange with Corning
Glass Works, its parent company.

CALL FOR PAPERS-The Fourth
Conference on Applications of Simu-
lation will be held December 9-11,
1970 at the Waldorf-Astoria in New
York. Only papers concerned with
discrete simulation (using languages
such as Gpss and siMscripT, but not
limited to them) will be considered.
Areas of interest include: statistical
considerations, recent language de-
velopments, corporate and financial
models, transportation and distribu-
tion models, computer system models
and languages for modeling computer
systems, manufacturing and aerospace
applications, social system models,
gaming, job shop scheduling, urban
system applications, and simulations
of large-scale systems. Only papers
which have not been presented or
published previously should be sub-
mitted. Complete papers will be pub-
lished in the Conference Proceedings.

Those planning to present a paper
should submit three copies of a 50-
100 word abstract, together with a
working title, no later than March
31. Five draft copies of the paper,
including illustrations to be used in
the presentation, must be submitted
by July 6. Final manuscripts for pub-
lication in the Conference Proceed-
ings must be available by September
30. Authors will receive detailed in-
structions on the format to be ob-
served in preparing the paper and in
typing the final copy. Papers will be
judged on the basis of relevance to
the Conference, excellence of tech-
nical presentation, and soundness of
simulation methodology. Authors will
be notified of acceptance of their sub-
mitted papers by August 7. At the
Conference, authors will be asked to
summarize their papers.

All material relating to the techni-
cal program should be forwarded to
Michel Araten, program committee
chairman, Celanese Chemical Co.,
245 Park Ave., New York, N. Y.
10017.
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If the world’s
largest machine tool

company built a
MINICOMPUTER,

what would it
look like?




FILE REGISTERS
(16 x 8)







$30,000 fora

small computer, bu

S —

Ridiculous? Sure. But so is paying 30 grand to get the
features that MAC gives you for only $11,950.

First, you get a 16-bit parallel word computer with a
repertoire of 72 hardware instructions. A basic 4K memory.
A programmed data channel, handling up to 255 devices.
And MAC’s four priority interrupts in hardware—with auto-
matic store/restore.

Another big MAC feature is its raft of options. Like up to
64 interrupt levels. Memory expansion to 64K. Multiply/
divide hardware. Memory parity. Power fail and restart.
Remote control panel. Automatic bootstrap loader. Multi-
plexed or direct memory access data channels. Plus a com-

B
s

A 5553

plete array of peripheral equipment.

So get the features you need and still save money with
MAC. Buy one now and we'll give you an option on the
other 1%2.

Write to MAC, Lockheed Electronics Company, Data
Products Division, 6201 East Randolph Street, Los Angeles,
California 90022.

LOCKHEED ELECTRONICS

A Division of Lockheed Aircraft Corporation
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indicater
s

There's only one light that’s RIGHT ...

...and The Sloan Company has it.
Complete selection —from the world'’s
smallest indicator lights to Pee Cee lights
with up-front replacement. Neon and
incandescent . . . to your exacting
specifications.

Designed by industrial designers. Single
and two terminal models available for fast
delivery. Sloan lights are designed to

do the job. There's a model for every
application. Or, Sloan will design one

for you.

Write, wire or phone for NEW CATALOG.

&

Valley, Calif.

un
910--498-2250

7704 San Fernando Road / S
/X

Phone (213) 875-1123/ TW
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@5 DEVELOPMENTS

Foam Reduces Printer’s
Noise Level Drastically

Engineers at RCA Computer Sys-
tems Division have lowered the
speech interference level from 80 to
55 db in the company’s latest
model high-speed printers with the
help of a sound insulator made of
a special compressed polyurethane
foam.

The insulator consists of “open-
pore,” or fully reticulated com-
pressed foam which lines the in-
terior metal surfaces of the printer.
Inside the printer is the major
source of noise: a battery of 132 or
more rapid-firing hammers that
print out up to 1250 lines per min-
ute on paper that moves through
the same enclosure.

The compressed foam—called
SCOTTFELT—is being used exclu-
sively by RCA on its new Models
70/243-30 and 70/242-30 printers.
Developed by the Foam Division
of Scott Paper Co., Chester, Pa.,
the foam is made by applying heat
and pressure to a block of the ma-
terial until it is squeezed to the
desired thickness. The compression
radically changes the structure of
the foam and makes it an excellent
sound-absorbing material. It has
also been used as a noise reducer
in stationary and aircraft gas tur-
bine power plants, in tractor engine
compartments, anechoic chambers,
and numerous other sound attenu-
ating applications.

In the RCA printer application,
the SCOTTFELT is compressed to one-
third of its original thickness of
three inches, then cut into the de-
sired shapes, and fastened by an
adhesive to the interior metal sur-
faces of the printers.

To achieve the quietest printer
possible, RCA engineers first built
a masonite enclosure around the
printer mechanism and took read-
ings with a noise and vibration
analyzer with the printer operating
at its maximum rate or “worst
case” condition. Then the enclosure
was insulated with various types
of sound-absorbing materials, and
comparative readings taken. Fiber-
glass, closed-cell foam, and several
other materials were tested before
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Rear-door view of RCA printer shows one-inch-thick SCOTTFELT on inside of door
panel and on interior surfaces, where it forms a barrier to escape of noise from
inside printer mechanism. The compressed polyurethane foam material, devel-
oped by the Foam Division of Scott Paper Co., is also used on air intake and ex-
haust sections of the printer to help achieve a 25-decibel reduction in the speech

interference level

RCA engineers selected SCOTTFELT
as the most effective and practical
sound-absorbing medium.

The one-inch thick foam is used
in three principal areas of the
printer. All internal surfaces of the
sound box are covered with the ma-
terial, which deadens the noise of
the printer hammers. It is also used
to line a sound baffle installed at

the point where cooling air enters
the printer.

The sound pressure level lp in
decibels, corresponding to a sound
pressure p, is defined by lp = 20

log g—odb. The “po” is a reference

pressure usually taken as .002 mi-
crobars which is equal to one dyne
per sq. cm.

Recording Paper is
Heat-Sensitive

Computer Graphics System Corp.,
of Sun Valley, Calif., has an-
nounced the development of a heat-
sensitive recording paper. Accord-
ing to company president Dr. John
Gelb, the paper is coated with a
proprietary compound which is
normally a neutral white in color.
A servo-controlled contactless heat
pen traces a high-contrast black

line on the paper. No post-exposure
development is necessary, and no
laser system is involved.

The technique is claimed to have
several advantages over present
high-speed recording techniques.
Unlike ink systems, the line trace
has uniform width without blots or
interruptions. Initial applications
are anticipated primarily in strip
chart recorders and graphic plot-
ting machines. Production quanti-
ties will be available in the near
future.
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There
was an old lady
who lived in a house
on Washington Street in
Boston. Elizabeth Goose. And
for the better part of her 92
years until 1757, she entertained
her sixteen children with simple little
fantasies, or nursery rhymes.

Remember the fantasies? Humpty-
‘Qumpty? Little Boy Blue? Simple Simon?

controller, too. The VRC 7100.

In fact, we have so many new
products,we hardly know what
to do But we'd like to talk
. to you about it.
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&) DEVELOPMENTS

Spacerays Marries Lasers
to Computers

Spacerays, Inc., Burlington, Mass.,
a manufacturer of industrial laser
equipment, announces completion
of the first computer-controlled in-
dustrial laser system. The unit was
developed under a leasing contract
for the production adjustment of
thick film resistors. The Model
YT60c, a computer-controlled YAG
laser resistor trimmer system, can
trim integrated circuit resistor com-
ponents to less than 19, tolerance
in approximately one second.

This most unique system is able
to make a complete parameter
analysis of the circuit element to
be adjusted simultaneously with
the trimming process. Through the
computer’s ability to associate the
amount of out-of-tolerance to the
circuit element’s configuration, the
adjustment or trimming of the ele-
ment can be made to a degree of
accuracy never before attainable.
This configuration analysis was de-
veloped by Spacerays to adapt the
system to the rigid trimming speci-
fication required by the military.
To accomplish the precision toler-
ancing and maintain the maximum
cross-sectional area of the remain-
ing resistor portion, the system in-
cludes an L-shaped trimming cut.
The reduction of the cross section
of each resistor is determined and
controlled by the computer for
each individual resistor. For preci-
sion tolerances the unit features a
single-shot shutdown capability.
The YT60c is the only unit avail-
able with these features.

The system has a fully auto-
mated XY numerically-controlled
component positioning table. The
positioning equipment locates a
complete tray of small ceramic
substrates under the beam auto-
matically. Each substrate may con-
tain many resistor elements on it,
and each element may be adjusted
to a different value. With the com-
puter, a relatively unskilled opera-
tor can feed information into mem-
ory banks through the system’s
teletypewriter such that all variety
of trimming requirements can be
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made by the equipment without
further operative adjustments.

The YT60c also has the ability
to “actively” trim circuits, which
means adjusting a resistor element
of a circuit while the circuit is
functioning and controlling the la-
ser trimming process through a
functional measurement of voltage,
frequency, comparison voltages, etc.
Any measurement in which the
readout can be made digitally for
the computer is suited to the unit.

NASA Develops Device
to Operate at Wide
Temperature Range

NASA'’s Electronics Research Cen-
ter in Cambridge, Mass. has devel-
oped an electronic device that can
operate in both the extremes of
heat and cold in deep outer space.

The device is a diode composed
of silicon carbide, a material long
known to scientists for its ability
to withstand high temperatures. In

laboratory tests, the diode has sur-
vived and functioned over a tem-
perature range of 1,600°F—from
1,300° above to 300° below zero.
The device would be operable, for
example, at the surface tempera-
ture of Venus, about 800°.

The diode is believed to be the
first of its kind to withstand ex-
tremely high temperatures while
performing effectively at the same
time as a detector at frequencies of
up to 10 billion cycles per second.

Developed by Richard Farrell
in the ERC’s Device Research
Branch, the diode serves as a de-
tector of high-frequency radiation.
In the presence of a signal the de-
vice will allow current to flow in
one direction only and thereby ex-
tract the information content of the
signal.

Its temperature tolerance not
only increases its efficiency in
space but makes it potentially val-
uable in a number of applications.
Its effectiveness at extremes of tem-
perature promises higher reliability
than that of similar devices de-
signed only for earth temperatures.

High-frequency radiation detection diode operates at extreme temperatures
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8 WAYS TO STAMP OUT DATA COMMUNICATION PROBLEMS

We build 8 different data sets for dependable high-speed
data communications. They work. Even with line conditions
that lick other modems.

ICC data sets transmit at speeds from 1200 bps to 1,000,000 bps.
They’re built to deliver maximum throughput at the speed specified.
Without problems.

Send for new descriptive literature.

International Communications Corporation In Europe —
7620 N.W. 36th Avenue, Miami, Florida 33147 boBoo
Telephone 305 + 691-1220 TWX 810-848-6588 g0
a milgo company Reading, Berks, England
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&) DEVELOPMENTS

IDS Deposits Thick-Film
Circuits with
Thin-Film Precision

A tape decal system, known as
TDS, has been developed by Vitta
Corp., Wilton, Conn., which de-
posits thick-film circuits and pat-
terns on a variety of substrate
shapes. A wide range of conductive,
resistor and insulator compositions
can be deposited on ceramics, met-
als or plastics.

After application of the tape de-
cals, burn-off of the organic ma-
terials and sintering of the circuit
layer are performed simultane-
ously. In addition to coating pat-
terns on flat surfaces, the system
permits the coating of recessed
areas, around corners and irregular
shapes with precision tolerances to
3-mil lines and 3-mil spacings.

TDS is adaptable to both proto-
type and production applications
where precision and quality of cir-
cuit patterns are required.

QL2 2L L UL L Bl L L L L L

Cutaway view of the tape decal system

A wide variety of patterns may be produced with the TDS, including a strip pat-

tern composed of a ferrite material for a computer memory stack
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High-Performance Insulation
Combines Ruggedness with
Easy Fabrication

A developmental resin, “Tefzel”
ETFE fluoropolymer, is being man-
ufactured by the Du Pont Co.’s
Plastics Department, in Parkers-
burg, W. Va., to meet the need for
a high-performance wire and cable
insulation with mechanical rugged-
ness plus the electrical, chemical,
and thermal properties characteris-
tic of fluorocarbons.

“Tefzel” is a copolymer of ethyl-
ene and tetrafluoroethylene (TFE).
By weight, the resin is more than
three-fourths TFE, making it a
close analog of “Teflon” fluorocar-
bon resins. Its balance of properties
is particularly suited for wire and
cable insulation, heat shrinkable
and spaghetti tubing, and electronic
components.

This fluoropolymer can be fabri-
cated by melt extrusion and injec-
tion molding. In laboratory tests, it
has been extruded into long, flaw-
free lengths of wire insulation over
both tin- and silver-plated conduc-
tors.

Designed for ruggedness, Tefzel
combines cut-through resistance
and abrasion resistance with high
flex life and impact strength. Its
notched Izod impact strength is
over 20-foot-pounds-per-inch from
room temperature to —54°C. The
low-temperature embrittlement is
below —100°C.

With a broad operating tempera-
ture range—extended-period upper
use temperature is 180°C, satisfac-
tory short-term service up to 230°C
—Tefzel is rated either “nonflam-
mable” or “self-extinguishing” in
various flammability tests. It passes
vertical and horizontal tests in in-
sulated wire as a single wire and
in bundles. In ASTM D635, it is
rated “nonburning.”

The resin’s electrical characteris-
tics include a dielectric constant of
2.6, which remains constant with
frequency and temperature. The di-
electric strength is 2,000 volts per
mil for 10-mil film. The volume re-
sistivity is greater than 10'¢ ohm-
cm, while surface resistivity is
greater than 10'* ohm per square.
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2 new
data
multiplexers

FOR COMPUTER TIME-SHARE, ETC.*

FULL CONTENTION is the big feature of
the compact ADS-630, the new economical
bit type time-division multiplexer. With it,
you can expand your real-time telephone/
iz computer network — pyramid data

BE terminals and utilize all low speed

Ads computer ports on a first-come/
first-served dial-up basis. ADS-630 will
increase system efficiency; reduce costs
dramatically

45 CHANNEL CAPACITY is the strong

G feature of big brother ADS-660. This
time-division byte type multiplexer
continuously displays—up front in lights
all you want to know about each of the
remote terminal lines and the telephone
line.

MIX BAUD RATES on either of these new
solid state multiplexers. Also add remote
terminals without fuss as your system
grows. Multi drop, automatic self analysis,
product and data integrity — all part of the
new generation of data system modules
from American Data Systems

Send for details

EmwbkanE
IPE=1 =4~

i
]E:

liE

CEROEERREERE®
CREREREERERRE

£

*ETC. includes Message Switching, Inquire/Response,
Remote Ncketing & Reservations, Credit Check and
many maore

Telephone (213) 882-0020
AMERICAN DATA SYSTEMS
20747 Dearborn St. « Chatsworth, Calif. 91311

e DATA MODEMS e DATA MULTIPLEXERS
e DATA TERMINALS e DATA SYSTEMS
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€5 DEVELOPMENTS

Significant Advance Made
in PC Board Production

An advanced system for producing
printed circuit boards which inte-
grates a newly developed board
material and a new additive circuit
process, has been announced by
The Richardson Co., of Baltimore,
Md. “New design concepts in
printed circuits with important sav-
ings in processing time and mate-
rials are possible with the rico pc+
system,” W. B. Basile, president,
says.

The process utilizes new lami-
nated paper and glass boards based

Cross section of a line 1 mil thick and
20 mils wide, illustrating the minimal
undercut achieved with RICO PC+

on the company’s RICON resins,
which have outstanding dielectric
properties. Richardson’s thermoset-
ting polybutadiene RicON resin base
provides improved electrical, ther-
mal, moisture-resistant and proc-
essing properties.

On the conventional printed cir-
cuit approximately 909, of the
laminated copper foil is etched
away and the remaining copper is
left as the circuit. The system de-
posits the copper circuit only on
the pattern desired and does not
require a copper clad board. Simul-
taneous plating of the circuit on the
board and through holes is a fea-
ture of the process.

As a result, the number of steps
and time required to produce the
circuit are reduced. The amount of
copper removed is markedly re-
duced as is the time required for
etching. The life of the etch is ex-
tended, which reduces the problem
of disposing of spent etching solu-
tions. There are substantial cost
savings on board materials, process-
ing steps and etching operations.

Both pilot plant runs and pro-
duction of prototypes of Bartlett
Manufacturing Co., Elk Grove Vil-
lage, Ill., have been highly success-
ful.

Magnification of the demonstrated cir-
cuit mounted on display card. Note the
sharpness of lines, which allows thin-
ner lines and closer spacing than cur-
rent circuitry methods

The rico pPc+ system is expected
to be particularly attractive for high
reliability applications where low
drift, thermal stability, low mois-
ture absorption and low dielectric
characteristics are required. Typi-
cal uses would include circuits for
communications equipment, com-
puters and telemetry. From a de-
sign viewpoint, the system has ad-
vantages in applying narrower than
conventional circuit lines with nar-
rower spacing; thickness can also
be controlled, allowing greater flex-
ibility in design, higher circuit den-
sities and possibilities for minia-
turization.

Design and Test Automation
Service Established

Telpar, Inc.,, of Dallas, Texas, a
new design and test automation
service company, has opened offices
on the West Coast.

Design of digital two-sided cir-
cuit boards begins at Telpar with
the client providing logic diagrams
and physical characteristics of his
board. This information is trans-
lated into computer readable form
and a program checks the logic
for correct transcription. Physical
characteristics are graphically dis-
played for visual comparison to en-
gineering drawings.

42

The Telpar system can then as-
sign circuits to packages, based on
package families and costs provided
by the designer, or the client can
input this information.

After packaging, the system as-
signs packages to locations on the
board for routing. If the client de-
sires, he may input part or all of
the package placement. Once pack-
aging and placement are com-
pleted, the system routes the board,
making improvement passes for re-
moval of feedthroughs and optimi-
zation of wire length. The routing
is checked for completion against
the client’s input data. Any irregu-
larities noted, such as missing lines,

are flagged and appropriate data is
output for manual completion prior
to artwork generation. The original
data, plus corrections, are then
checked by the system. Artwork
tape for mask generation is pre-
pared, along with the appropriate
reports to facilitate the generation.

If the client desires, numerical
control tapes or the actual artwork
itself, can also be generated by the
Telpar system. The test design
service is also generated from the
client’s logic diagram. This compu-
ter-aided service utilizes fault sim-
ulation techniques to select pat-
terns for check-out or functional
testing.
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For less than I’ per bit you can
stop being a ‘wait’ watcher:

The largest semiconductor memory in the world will block transfer up to 16 megabytes per second,
access in microseconds and store up to 128 megabytes per selector channel for less than 1¢ per bit.
Meet the SSU :

1. System/360 compatibility 5. No overrun. The SSU’s exceptional transfer

2. 30 to 60 times faster access than rate can be stopped instantly for interrupts
high-speed drums 6. 10 times faster I/O request handling

3. Data rate synchronized to the CPU than high-speed drums

4. No software changes required for 7. Twice the terminal servicing capability
attachment 8. 100% usable storage; no record gaps

The SSU with its capacity to store operating systems, application programs and compilers will increase
your throughput, upgrade your present installation to fourth generation performance, and extend the life of
your system.

To find out how, write us today. Why wait?

ADVANCED MEMORY SYSTEMS, INC., 1276 HAMMERWOOD AVE., SUNNYVALE, CA 94086 - (408) 734-4330 ‘I‘II’
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Here’s your biggest choice for
system interface design—10 sense amps,

2 memory drivers, 6 line circuits.

System interface designers have
long needed an IC line big enough
to work with. TI’s quiet revolution
in Computer Interface has pro-
vided the answer—the biggest
family now available. Choose from
18 proven functions—all in stock.

The 10 sense amps (Series 7520N)
offer you a selection of three basic
circuit designs —three versions of
dual preamplifiers driving com-
mon —output circuits, or two com-
plete sense amps in a single pack-
age. You gain low propagation de-
lay, fast overload recovery, high
d-c noise margin, individual chan-
nel strobing, TTL compatible out-

puts—and substantial cost savings.

From the group of six drivers
and receivers, you can pick dual
line receivers which translate
transmission line signals to logic
signals or perform level shifting
operations (SN75107/SN75108). Or
receivers which can be applied as
differential or single-ended receiv-
ers or as comparators (SN75100/
SN75120). Or pick dual channel
line drivers useful in balanced, un-
balanced and party line systems
(SN75109/SN75110).

Of the two memory drivers, the
SN75303 —a 150 mA transistor ar-
ray —interfaces between bipolar

logic levels and magnetic memory
systems. The SN75324 replaces
traditional discrete high-current
transistor-transformer circuits in
magnetic memory systems.

If you’re ready to whip interface
problems the IC way, we’ll send
you our new brochure on our Com-
puter System Interface Circuits.
Circle 288 on the Reader Service
Card or write Texas Instruments
Incorporated, P.O. Box 5012, M.S.
308, Dallas, Texas 75222. That’s

where the quiet rev- o
olution is going on. Or [7
call your authorized TI
Distributor.

TEXAS INSTRUMENTS

INCORPORATED
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RCA COS/MOS makes MSI also mean
multiple-saving integration

0001..0100..00i1..00I

0001..0100..0011..01H
0001..0100..00I1..OHI

0001..0100..0

' S RIRD AN
JUL..U100..OU
, mml,,mm,

00110l
|

:
:

RCA COS/MOS digital IC's provide:
[ Operation from a single power supply—6 to 15V
O Low quiescent power dissipation—5 aW (typ)

O High noise immunity—45% of Vpp (typ)

Think of these characteristics in terms of system reliability,
minimum package size and elimination of extra circuits and
components. Low power means simpler, less expensive
power supply circuits; tighter packaging density (no special
cooling devices required). COS/MOS IC's mean greater tol-
erances to power-supply voltage and signal amplitude varia-
tions. And the high noise-immunity characteristic eliminates
the need for special noise-suppressing circuits. COS/MOS
has other logic system design advantages, too: medium
speed operation [fci=2.5 MHz (typ) at Vpp —Vss=10 V]; fully
static operation; full military temperature range, and single
phase clocking.

THINK ABOUT IT.

46 CIRCLE 26 ON INQUIRY CARD

CD4014D (formerly Dev. No. TA5578) is an 8-stage synchro-
nous parallel-input/serial-output register; CD4015D (formerly
Dev. No. TA5579) is a dual 4-stage serial-input/parallel-out-
put register. Each device is available in 16-lead DIL ceramic
packages at $13.60 (1000 or more units).

For further details on the two new COS/MOS Registers and
RCA's growing COS/MOS line, see your local RCA Repre-
sentative or your RCA Distributor. For the technical data
bulletins on the new Registers (File Numbers 415 and 416)
and a new COS/MOS Reliability Report (RIC-101), write to
RCA Electronic Components, Conimercial Engineering, Sec-
tion I1CZB-3/CD30, Harrison, N. J. 07029. In Europe: RCA
International Marketing S.A., 2-4 rue de Lievre, 1227

Geneva, Switzerland.
m@ Z)]__] Integrated
Circuits
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Computer’s little helper.

Ampex TMZ adds a total tape Modular packaging for more uptime,

memory to your system for reduced spares logistics, faster field

$3500* servicing. And all this in a 19"'x 24"
package that makes it the biggest little

Complete with data electronics and helper you ever had

read-after-write capability. It meets 7- For more information, contact: Ampex

and 9-track IBM modes at 24 ips with- Corporation. Computer Products Divi-

out program restrictions. Adding the sion, 9937 W. Jefferson Blvd., Culver

37V ips option increases data trans- City, California 90230, a leading world

fer rate at minimal cost. Interfacing is source for tape memories, core mem-

easy. Just plug in. For data density ories, stacks, arrays and cores. Tele-

there’s 200, 5656, and 800 bpi. phone (213) 836-5000.

Thousands of TMZ's sold are proof of Your computer counts on us.

its wide industry acceptance. Here's

why:

Time-proven design for longer MTBF. AM pEx

‘In quantity order oAyl oibdane s {0 o0 Dl XA



To make Decoders that can drive
every major display device,

Three Fairchild MSI decoder/drivers cover the requirements
of every major military and industrial display device on
the market. The 9315. The 9317. And the brand new 9327. Each
device has a built-in driver stage —an important feature
that means smaller, lower-cost systems with higher reliability.
NIXIE —The 9315 One-of-Ten Decoder/Driver accepts decimal
inputs and provides ten mutually exclusive outputs which directly drive
NIXIE* tubes. Stable high-voltage output characteristics also make
the 9315 ideal for driving relays, lamps and similar devices.
SEVEN-SEGMENT — Fairchild’s 9317
and 9327 Seven-Segment Decoder/Drivers
convert 4 inputs in 8421 BCD code into
appropriate outputs for driving
seven-segment numerical displays. The
9317 is designed for use with incandescent
lamps, neon, electroluminescent and CRT
displays, as well as light emitting diode
indicators. The 9327 is used for DIGIVAC S/G*
vacuum fluorescent readouts. Both devices
feature automatic ripple blanking, lamp
intensity modulation, lamp test facility,
and blanking output. Outputs are disabled
by codes in excess of binary 9. Flags
are removed on the 6 and 9, which reduces
the number of ambiguous states.

*NIXIE is a registered Trademark of Burroughs Corporation.
#*DIGIVAC S/G is a registered Trademark of Wagner Electric Corporation.

To order these Decoder/Drivers, call your Fairchild Distributor or ask for:

PART TEMPERATURE PRICE (100-
NUMBER PACKAGE RANGE (1-24)  (25-99) 999)
U4L931551X Flat —55°C to +125°C $22.00 $17.60 $14.65
U4L931559X Flat 0°C to + 75°C 11.00 8.80 7.30
U6B931551X DIP —55°C to +125°C 20.00 16.00 13.30
U6B931559X DIP 0°C to -+ 75°C 10.00 8.00 6.65
U4L9317513 Flat —55°C to 4125°C 28.00 22.40 18.70
U4L9317593 Flat 0°C to + 75°C 14.00 11.20 9.35
U7B9317513 DIP —55°C to +125°C 25.40 20.30 17.00
U7B9317593 DIP 0°C to + 75°C 12.70 10.15 8.50
U4L9327591 Flat 0°C to + 75°C 13.05 10.50 8.80
U7B9327591 DIP 0°C to 4 75°C 11.90 9.556 8.00
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you have to get serious about
MSI family planning,

We put together a family plan by taking systems apart. All kinds of digital
systems. Thousands of them.

First welooked for functional categories.We found them.Time after time,in a
clear and recurrent pattern,seven basic categories popped up: Registers.Decod-
ers and demultiplexers. Counters. Multiplexers. Encoders. Operators. Latches.

Inside each of the seven categories, we sifted by application.
We wanted to design the minimum number of devices that could
do the maximum number of things. That’s why, for example,
Fairchild MSI registers can be used in storage, in shifting, in
counting and in conversion applications. And you’ll find this
sort of versatility throughout our entire MSI line. %o?izﬁﬁmy

Finally, we studied ancillary logic requirements and s
packed, wherever possible, our MSI devices with input
and output decoding, buffering
and complementing functions.
That’s why Fairchild MSI reduces—
in many cases eliminates—the
need foradditional logic packages. ™ rocrers

[
”

LATCHES
9308 —Dual 4-Bit Latch
9314 —Quad Latch

The Fairchild MSI family N ] d 28 287
9328 —Dual 8-Bit
plan. A new approach to MSI Shift. Register g0 VST LEXERS
. . . Digital
that’s as old as the industrial revolution. oy Multilexer
. . . 5 e —8-Inpu igi
It started with functional simplicity, Multiplexer

DECODERS AND
DEMULTIPLEXERS
9301 —One-Of-Ten

. .« ey S I Decoder
Simplicity. Versatility. Compatibility. 15-Cne-OfTen
Available now. In military or 9307 ~Seven Sogment
industrial temperature ranges. SoTNTREA —

9306 —Decade Up/ 9317 —Seven-Segment

extended through multi-use component parts, and
concluded with a sharp reduction in add-ons.

Down Counter Decoder /Driver
9310 —Decade Counter 9327 —Seven-Segment
9316 —Hexidecimal Decoder /Driver
ENCODERS Counter
9318 — Priority 8-Input
Encoder

In hermetic DIPs and Flatpaks.
From any Fairchild Distributor.

CREREET AR
FAIRCHILD
U i R

SEMICONDUCTOR
FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
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CD COMMUNICATION CHANNEL

Editor's Note: This thly col di

which are occurring in the data communications field. Our primary objective is to pro-

and analyzes significant developments

vide you with a continuous source of t

C ication Ch

Group, Inc., of King of Prussia, Pa.

sions to help you understand communications in a data processing environment. CD
| is prepared by John E. Buckley and the staff of Computer

and regulatory information and discus-

Communication Pollution

There can be no doubt that the
communication network that spans
our country is a required yet
limited national resource. Like
many other resources in this coun-
try, this network has unfortunately
been taken for granted by most
users. Inefficient use of this net-
work during the recent unprece-
dented growth of communications
has resulted in what can be termed
“communication pollution.” Vir-
tually every communication user,
voice or data, is aware of the most
publicized example of this pol-
lution—the communication system
breakdown in the New York City
area during the summer and fall of
1969.

The telephone company man-
agement has implied that the situa-
tion in New York City is an iso-

This month’s column was written by
Mr. Jack B. Fairbaugh, Senior Staff
Consultant, Mr. Fairbaugh suggests
that the current dilemma in telephone
communication services is not neces-
sarily the exclusive fault of the tele-
phone companies. The inefficient use
of telephone services has created what
he terms ‘‘communication pollution!”
There are, however, specific steps the
communication user can follow to pro-
tect his telephone capability and re-
lieve the present ‘“‘polluted’” commu-
nication environment.
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lated incident. However, in spite
of the various reasons offered as
explanations the fact remains that
New York City is really an indica-
tor of similar problems developing
in other parts of the communica-
tion network. What happened in
New York City can and, in some
cases, is happening in other Ameri-
can cities. Users of this resource
should be aware of the symptoms
which preceded the New York City
collapse and, more importantly,
consider what steps they can em-
ploy to relieve this potential “pol-
lution.”

New York City users were aware
of indications of a growing system
pollution. During the early stages
there were increasing delays in ob-
taining dial tones from the central
office as well as a growing number
of local calls ending in busy condi-
tions. When more and more tele-
phone company personnel were
sidetracked from routine main-
tenance assignments in an attempt
to relieve the congestion problems,
the overall problem was com-
pounded. Evidence of poor main-
tenance was exemplified by cor-
rectly dialed telephone numbers
being incorrectly connected by the
telephone central office equipment.

As the situation continued to de-
teriorate, satisfactory usage of the
network became increasingly dif-
ficult. In addition the user was
faced with longer time commit-

ments from the telephone company
for installation and repair service
and the deterioration began to ac-
celerate, creating a true snowball
effect. Finally, a major failure oc-
curred which forced the local tele-
phone management to institute
restrictive measures and, in effect,
significantly limit service to their
communication users. Such steps
could have been avoided if the
users had recognized this evolving
pollution and had implemented
measures to conserve this limited
yet necessary resource.

The primary measure companies
can take is to insure that their use
of this resource does not contribute
to the pollution. Both administra-
tive voice communications and
data communications should be ef-
ficiently planned and operated. As
companies grow, their communica-
tions needs also grow. While de-
tailed planning is applied for the
company’s operational expansion,
communications services evolve
without the guidance of such a
master plan.

An  organization  dependent
upon communications should con-
sider the following basic steps.

First, determine from the local
communication common carrier
the true status of the communica-
tion system in your area and the
area for each of your major loca-
tions. Keep in mind that the fail-
ure in New York City only in-
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Once, computer
peripherals like the

GE1600 were sold
only with GE
computer systems.

Not any more! Thanks to an ever-increasing ;g
demand, Original Equipment Manufacturers now i
have access to one of the finest, most competitive
selections of data handling devices in the industry
. . .by General Electric.

GE1600 Removable Disc Storage Units represent a
major advancement in data storage equipment.
Now available at low OEM prices, the GE1600 offers
field proven reliability. 24-hour emergency spare
parts service is provided and trained field
maintenance support is also available. The GE1600
is compatible with the IBM 2311 and permits direct
exchange of units without software or hardware
modification.

For increased storage, an 11-high system is also
available in single or multiple spindle configurations.

MT4000 Magnetic Tape
handlers are the end result
of General Electric’s
extensive research in single
capstan technology. Their
advantages include
“Ziploading” (8-second
average tape load time);

75 to 112.5 ips tape speeds;
200 to 1600 bpi recording
densities; compatibility with
IBM 2803/2804/2403/2404
tape handler controllers for
upgrading IBM 2400 tape
subsystem performance
levels (external power may
be required if more than six
MT4000 Tape Handlers are
operated).

For information contact:
Manager-OEM Sales
Information Devices Department
4000 N. W. 39th Expressway
Oklahoma City, Oklahoma 73112
405/946-5421

GENERAL @D ELECTRIC

*DATANET, Registered Trademark of the General Electric Company
CIRCLE 29 ON INQUIRY CARD

N\ Information
(g)é) Systems

Information Devices
Department

DATANET765* Terminal
Display Controller Units
enable interactive
communications with a
remote or co-located
computer. Each
controller will
~operate one or two
keyboard/display

terminals with up to 1012
characters (22 lines of 46
characters each). Other
controllers, such as the
DATANET 760, will serve
up to 32 remote terminals.
Controller-to-terminal
distances up to 1000 feet
— 5000 feet with
repeater units.
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In data acquisition,
Raytheon Computer is
at the head of its class.

Ask the University of California.

At their Davis, California, campus,
one of our 16-bit computers is part of
a mobile data acquisition system. It
handles a variety of experimental
problems involving multiplexed sig-
nals, feedback controls and real-time
analysis of incoming signals.

For them, we’ve included disc stor-
age, magnetic tape, analog/digital
and digital/analog converters and a
clock that generates automatic inter-
rupts and time-of-day information.

For you, we'll include anything you
need. All the standard peripherals.
And a number of not-so-standards,
like the Raytheon Computer Array
Transform Processor.

process control, one-of-a-kind
or OEM.

For the heart of the system, choose
from the Raytheon Computer family
of CPU’s. Cycle times from 900ns to
1.75us, prices from under $10,000.
All with direct 1/O to the CPU, 4
addressable registers and 74 instruc-
tions that include bit and byte
manipulation.

Then get your systems on-line
sooner, for less money with Raytheon
Computer software. We have over
400 programs and subroutines avail-
able off-the-shelf right now. Exclu-
sive Raytheon Computer executives
and monitors. The only available
conversational FORTRAN in 4k of
core. And the fastest, most accurate
library in the medium-scale com-
puter class.

So write for all the details now. Ask
for Data File CB-182. There isn't a
better price/performance story in
the industry.

Raytheon Computer, 2700

And we'll interface to any- S. Fairview St., Santa Ana,
thing you have . Analog or Calif. 92704. Phone 714/
digital, data processing or 546-7160.




volved a limited number of over-
loaded central offices. Although
the local common carrier represent-
ative will be inclined to initially
assure you that such worries are
unfounded, this assurance, if based
on fact, can be quickly substan-
tiated. The communication com-
mon carrier should be able to
inform you of the type and utiliza-
tion of the end offices that serve
your major locations. Second, if a
reasonable probability exists that
an end office may be subject to a
serious traffic congestion or pos-
sible failure, alternate access may
be warranted. Foreign Exchanges
Services to less congested end of-
fices would provide you with the
necessary alternate access in the
event of the primary end office
failure or congestion. Since origi-
nating dial calls create the greatest
utilization at an end office the
foreign exchange service may also
be used for all outgoing calls while
the more congested end office can
be limited to incoming calls only.
An optimum mode of operation
must be developed jointly by the
telephone company representative
and your qualified representative.
Third, having insured your con-
tinued communication capability
through the first two steps, you
must make sure that you are not
contributing to this communica-
tion pollution. A complete analysis
should be performed of your or-
ganization’s voice and data com-
munication services. Such an analy-
sis of these services may reveal
gross inefficiencies in the use of
the network and excessive com-
munication costs. The results
however will allow your organiza-
tion to optimize the existing sys-
tem and allow for its orderly ex-
pansion in the future. With avail-
able definition of the administra-
tive voice system, realistic plans
can be made to integrate the data
and voice networks into a single
efficient operating system. It is
highly probable that with such an
analysis communication costs can
be reduced while at the same time
available communication capacity
increased. By developing a more
efficient communication system,
the associated congestion or pol-
lution of this limited resource is
reduced.

In addition to permitting in-
efficiencies to develop in voice com-

munication some companies oper-
ate data applications in a manner
detrimental to the network. Not
considering the fact that many
data applications are placed on
line with no thought of integrat-
ing their use with existing voice
facilities, very often little atten-
tion is given to their operational
impact on the network. For ex-
ample, some computers collect
data from remote locations by con-
stantly dialing each location in
sequence. The result is unnecessary
use of central office equipment
and lines. A much more efficient
use of the network would be to
have outlying stations call the com-
puter when data is available.
While it may be impractical to
change an existing system in this
manner, modification during the
design stages may be feasible if
the operational impact on the net-
work is considered.

A communication user can and
must be aware of potential loss of
service. Although the communica-
tion common carrier may be re-
luctant to openly discuss local situ-
ations, a user should know the
load and activity characteristics of
the local telephone exchange. The
failure in New York City was not
deterioration of the entire com-
pany but the overload (pollution)
of certain telephone offices. The
communication user should also
evaluate the necessity for alternate
backup circuits in the event of a
primary exchange failure. These
alternate circuits may be foreign
exchange services at light traffic
offices or even toll or tandem office
access for some of the incoming
lines which would help diversify
the load and permit the network
to provide limited service even if
the primary exchange should fail.
Every large communication user
should analyze the current cost
and method of operation and im-
plement as many efficiencies as
possible. The communication com-
mon carriers in the United States
are striving to improve the cur-
rent situation. Communication
users must realize that the major
reason for the current communica-
tion problems is the inefficient use
of this limited resource. All reason-
able steps should be taken by users
to optimize their methods of com-
munication to prevent further
communication pollution.
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One of the most startling things
about a hologram is that it produces
images with parallax...that the
appearance of the image varies
according to the angle of view, just as
in the real world. That's why we see
the subjectin 3-D, even though each
eye, looking along its axis through
a separate small area of the hologram,
sees only two dimensions. Bell Labs
scientists M. C. King, A. M. Noll, and
D. H. Berry took advantage of this
to generate holograms of nonexistent
objects (such as 3-D mathematical
graphs) with a few seconds of
computer time.

Normally, a hologram is made by
photographically recording wave-
fronts of laser light reflected from a
real object. (Holograms have also
been generated by calculating such
wavefronts and recording their
pattern on a photographic plate, but
this takes many hours of computer

Holography—quickly—by computer

time, even for simple subjects.)

A King-Noll-Berry hologram,
however, is actually a series of holo-
grams, each about Tmm wide and
100mm high, on a single holographic
plate. These individual holograms are
made, one by one, from a series of
two-dimensional computer-gener-
ated pictures (film strip above),
showing the hypothetical object from
a range of viewing angles, in 0.3°
steps. (Because of a hologram’s high
information capacity, each 1-mm
vertical strip can contain—and project
—a full-width picture.) And since
each of the viewer’s eyes looks
through a different vertical strip, the
viewer sees the object binocularly,
in 3-D.

Like most holograms, these
should be viewed with a laser; this
limits their usefulness for many scien-
tists, engineers, and students. But,
because the “strip”’-hologram images

are two dimensional, placing a holo-
graphic plate with a special emulsion
in the plane of the projected real
image yields a copy hologram (glass
plates above). Viewable under an
ordinary incandescent bulb, this
hologram can be studied wherever
and whenever the user wishes.

This technique is the first way to
make ““hard copy’’ holograms of
imaginary solid objects with little
computer time...a fastand inexpen-
sive way of converting abstract data
into three-dimensional pictures and
graphs. It opens another avenue of
fluent communication between man
and machine, for possible use in
communications technology, science,
finance, architecture, statistics, and
other fields in which the com-
puter has become necessary.

From the Research
and Development Unit

of the Bell System— Bell Labs



Here is an inexpensive approach to system control when
arithmetic manipulation s not a prime factor. The direct
function processor is a functionally oriented machine having

true modularity and expandability

The Direct Function Processor

Concept for

System Control

Saul B. Dinman

GRI Computer Corporation
Newton, Massachusetts

At the present time, many small general purpose com-
puters are being used as systems controllers. However,
the fundamental concept of computers is that the
computer is primarily a calculating device. It was
never conceived in terms of controlling and sequenc-
ing activities that might not involve mathematics. The
systems designer is forced to program his system func-
tions in arithmetic terms understood by the computer
but which might bear little direct relationship to its
functional use.

A fact generally overlooked about general purpose
computer-controllers is that they are arithmetically,
not functionally, oriented. All have a central process-
ing unit (cpu) that is designed to accumulate informa-
tion from a system or subsystem, perform arithmetic
calculations on it, and return the computed data to
the outside world, where it can be used to instruct,
adjust, correct, regulate, or protect the system that is
being controlled.

The cost and capability of these machines depend
on how clever the computer manufacturer has been in
designing and interconnecting his accumulators, core

Saul B. Dinman is company founder and
vice-president of engineering. Concepts de-
veloped by him and implemented in the
direct function processor are the result of
many years of experience in logic design,
progr ing, and computer controlled sys-
tems. Mr. Dinman received a BSEE degree
from Pennsylvania State University and is a
professional engineer,

memories, arithmetic units, instruction and index
registers, and other key elements. In general, all the
computers that have been developed to date differ
only in the design and organization of these elements.
The concept has been that of calculating devices, not
of control and sequencing devices, and, obviously, the
objective is to obtain the most computing power per
dollar that is possible.

The arithmetic concept requires either that the
computer be required to perform a very specific func-
tion or that it be a general purpose machine with
some predetermined capability-to-cost ratio based on
what the computer manufacturer believes a group of
users will require in terms of power and on what
peripheral equipment they will connect to the input/
output lines. Since the obvious engineering/sales de-
cision is to aim for the broadest market, the systems
designer usually ends up paying more for his machine
than is warranted. In short, the progression has been
from a single purpose computer-controller to a gen-
eral general computer-controller—indeed, one that is
often so general that it can be justified only if it is
applied for multiple purposes, such a production con-
trol and accounting, as well as systems control.

Furthermore, every time there is a breakthrough
that provides more power per dollar (which of course
is associated not only with improved arrangements of
the components inside the computer, but with ad-
vances in solid state devices, integrated circuits, pack-
aging, component design, and the like) the industry
moves to a different magnitude of capability and to
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the so-called next generation machine that makes ob-
solete the user’s current machine. To put it mildly,
the systems designer is not an enthusiastic supporter
of this cycle. It forces him to redesign his control sys-
tem in order to remain competitive and puts him on
an economic treadmill that can jeopardize his very
existence. In existing general purpose computers there
is neither true functional modularity, expandability,
nor upward or downward software compatability be-
tween family members—despite what the industry
claims.

Another disadvantage of this arithmetic concept is
that the input data must be programmed in terms
that the computer can understand, and the output
data, in terms that the system can understand. Thus
the systems designer is forced to program his system
functions in arithmetic terms understood by the com-
puter, and these unfortunately bear little direct rela-
tionship to its functional use. In fact, in most cases
the actual systems programming is turned over to a
programmer who must try to relate the systems re-
quirements to equivalent terms that can be translated
as instructions to the computer. Frequently, the pro-
grammer does not fully comprehend the total aspects
of the system he is programming. In a sense the sys-
tems designer in turning the programming responsi-
bility over to the programmer loses control of the
design of his own system.

As a result, programming services have risen sharply
in cost as the demand has increased. A new industry
has grown up providing programming services to sys-
tems people because the demand far exceeds the sup-
ply—and the situation is worsening rapidly.

Another serious drawback of most of the current
computer-controller systems is that in many cases—
perhaps the majority—neither the computer manufac-
turer nor the system’s producer is capable of main-
taining the other’s equipment. And while the user
understands and can maintain the functional system,
he does not have the same competenice when it comes
to the computer. So the computer manufacturer must
support an expensive group of trouble-shooting and
maintenance specialists that duplicates the field staff
of the OEM supplier. In the final analysis, it's the
customer who pays.
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THE DIRECT FUNCTION PROCESSOR CONCEPT

The 6r1-909 computer, or direct function processor,
differs from the conventional computer-controller in
that it extends into the computer the bus system
across which the control devices are normally con-
nected. To put it more accurately, the elements of the
computer are brought outside the central processor,
and all computer devices such as the instruction reg-
ister, sequence counter, arithmetic unit, and memory,
are connected across the same bus structure as the de-
vices in the equipment to be controlled.

Thus, all internal and external elements are di-
rectly addressable by use of a compiler-like functional
language rather than a mathematically oriented lan-
guage. The programmer does not have to develop the
involved command sequences that will translate proc-
ess data into a language that the computer can under-
stand and then back again into instructions that the
equipment or process can react to. The unimpeded
flow of data from device to device saves temporary
storage locations for “bookeeping” purposes and pro-
vides the designer with modularity and flexibility to
adapt the computer to specific system requirements.

The key to the concept of the direct function proc-
essor is a block of logic that provides a programmable
path between the source and destination buses in the
computer. It is termed a bus modifier and is designed
to take information from any input device and move
it to any output device, performing operations on the
data as it passes from one device to the other.

Since the path connection is programmable, data
can be transmitted from one device to another in one
of the following conditions: unchanged, incremented,
shifted left one bit, shifted right one bit, “ones” com-
plemented, or “ones” not complemented. A “twos”
complement, or negative number, can be obtained on
the fly by combining the “ones” complement capabil-
ity with the increment capability.

A link bit, through which data can be shifted for
testing one bit at a time, and an overflow bit for tests
involving incrementing data are provided with the
bus modifier. Thus the systems designer has the abil-
ity to count and control data, although restricted to
simple, repetitive operations, on a bit-by-bit basis.

COMPUTER DESIGN/MARCH 1970



INSTRUCTION FORMAT

The 6r1-909 is a 16-bit, parallel machine. Six of the
bits are used for source addresses, six for destination
addresses, and four to control the transfer of data
throughout the system. The latter can be micropro-
grammed to modify data or control their transfer.

Each device in the system is equipped with a de-
coder that enables it to recognize an instruction to
supply, receive, modify, or otherwise manipulate data.
Thus, in effect, the control logic is spread throughout
the machine and is tailored to the particular require-
ments of the equipment to be controlled, since it is
only added to the system when another device is
added.

Program control provides the signals that indicate
when a source device is to give up data, sets up the
route the data are to follow, and tells the source de-
vice that is to receive them. It also must be capable
of subsystem manipulation: incrementing the se-
quence counter or changing its contents when a jump
occurs. A read-only memory, whose instructions are in
the same format and therefore indistinguishable from
those coming from the instruction register, is used to
enable program control to perform such manipula-
tions over the same data and control structure as used
for the movement of system data.

BASIC COMPUTER DEVICES

The devices connected between source and destination
buses in the basic computer configuration are, in ad-
dition to the bus modifier, the following.

Sequence Counter: This device is provided to keep
track of the program information. It is common to all
computers and indicates the address of the next in-
struction. In this application, the sequence counter is
connected across the buses, as are all other elements in
the system, providing direct access from device to de-
vice. An external device can cause the program to go
to some special subroutine in memory by transmitting
an address word directly to the sequence counter.
Instruction Register: The instruction register con-
tains the instruction in the computer to be executed
at a given moment. Like other elements in this system
organization, it is connected across the source and
destination buses.

Data Test: A computer decides on the program paths it
will follow on the basis of the value of the data that
resides in the arithmetic structure. In this machine.
data test determines whether the value of the infor-
mation it receives from any source is less than zero,
equal to zero, or any combination thereof (including
the negation). This tester is connected between the
source and destination buses and is programmed to
accept data directly from any source. A positive re-
sponse to a data test results in a jump instruction.
The contents of the sequence counter are automati-
cally stored in a trap register associated with data test
when a jump is executed.

Function Generator: Most peripheral devices require
control pulses to perform such functions as start, stop,
clear, and the like. Up to 16 different control com-
mands can be issued to each system device by generat-
ing the address of the device and the control pulses

I

PURPOSE . L q:] SYSTEM
COMPUTER ~ INTERFACE I I l [ l DEVICES
4 >

DESTINATION BUSES

Circuit arrangements for typical controller, general
purpose computer, and tie-in system

on four control lines provided for this purpose. A
typical instruction to be issued by the function gen-
erator might be START READER.

Function Test: Some devices produce status signals
which indicate certain conditions to the computer.
The function test operator looks at these status sig-
nals and acts upon them. Three control lines are pro-
vided for this purpose, plus a fourth which provides
logical negation of the other three. A positive re-
sponse by the function test operator to the sense lines
results in a skip instruction.

Console: If a peripheral device is added to a system, a
set of lights may be required to indicate what is going
on within the device. When the switches on the con-
sole are set to a device address, any data delivered to
that device will be displayed. This is useful for main-
tenance and debugging purposes. In some systems
this can eliminate the development of large display
panels and their attendant cost. The contents of any
source register in the system can also be displayed on
the computer console.

A programmer’s console is optionally available
which simultaneously displays major internal reg-
isters in the computer in addition to the selectable
data display. Both consoles are equipped with plugs
and are interchangeable.

Data may also be transmitted to any device in the
system from the console switches by selecting its ad-
dress and activating the transmit key. Control switches
on the console are: start, continue, read, write, dis-
play, transmit, single step, and stop.

Minimum Configuration: The system described so far
is the minimum configuration for the computer. With
the addition of some kind of stored program, it can
provide all the control capabilities of a general pur-
pose computer. It can test data, transmit and receive
control signals, and perform arithmetic and logic op-
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erations one bit at a time as data pass through the bus
modifier. Although limited in the execution times of
its arithmetic operations, it can be used as a special
purpose controller with read-only memory or a gen-
eral purpose controller with random access memory
for those applications requiring little or no arithmetic
or when the execution times of arithmetic are not a
critical factor. This provides a very inexpensive ap-
proach to system control, with the capacity for expan-
sion to full computer capability if required.

Core Memory: The memory is a 16-bit random access,
ferrite core memory in 1024- and 4096-word plug-in
modules. It can be expanded to 8192 in the basic
processor frame without additional wiring. The total
expansion capability is 32,768 directly addressed
words.

There is a multiple-channel, single-cycle, direct

memory access system in the basic processor that per-
mits direct, single-word access to the memory by a
system function. The difficulty of multiplexing sev-
eral devices on many different data channels is eased
by a simple priority allocation system. Similarly, a
range of complexity in implementation is available to
the system designer. The data channels may be used
to transfer data in or out of memory or simply to in-
crement a specified memory location.
Arithmetic Operator: The arithmetic and logic ma-
nipulations that can be performed in the functional
arithmetic operator are “add,” “and,” “or,” “and/or,”
and “exclusive or.” This arithmetic operator works
somewhat differently from that of a typical computer.
Instructions are not issued that say “add,” which in a
conventional computer says, “one number is in the ac-
cumulator and the other number is in memory. Pull
the number out of memory, add the two together, and
put the sum back into the accumulator.”

In the direct function processor, the function gen-
erator is used to generate the “add” function. The
instruction looks like “Function output ‘add’ to the
arithmetic operator.” This element will always per-
form the “add” function between the current value
of X and Y accumulators until the user issues another
command changing the state. When either one of
those registers is changed, a new sum appears, immedi-
ately available for transfer to any point in the system.
New values can be presented from a system register
with a new result obtained in a single cycle time of

The GRI-909 computer
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Computer internal wiring

1.76 microseconds. The result, available as a separate
source, always reflects the instantaneous output gen-
erated by the contents of the X and Y accumulators
as controlled by the function selected. It can be stored
in memory by a single instruction. The introduction
of new values to one accumulator does not alter the
contents of either accumulator, unless the instruction
“arithmetic operator to X (or Y) accumulator” is
issued.

FIRMWARE OPERATORS

Computer capabilities can be expanded by adding
firmware operators to the system. A firmware operator
generally presents at least one register to the bus sys-
tem. Each functional operator added to the computer
systems adds one or more hardware instructions to the
computer plus the variations provided by the bus
modifier. Examples of some of the firmware options
are the following:

Multipler: A “multiply” can be executed either
through subroutine instructions or by the multiply
operator, a firmware option. The subroutine for “mul-
tiply” has a maximum execution time of 360 micro-
seconds for a full 31-bit signed product and occupies
42 memory locations.

The multiply operator performs a 16-bit unsigned
multiplication. It uses the arithmetic operator and is-
sues external instruction requests to the processor. It
uses a single address for the 16-bit register (MPR)
housed in the operator, which may also be used as a
temporary storage register.

The 31-bit product is available in the X-accumula-
tor of the arithmetic operator (most significant) and
MPR (least significant) 56.32 microseconds after start-
ing the operator.

The execution time might be extended if direct
memory access requests arrive during the processing
of this instruction. A higher-speed multiply operator
is also available with an execution time of under 10
microseconds.

Byte Swap: The byte swap subroutine requires 20
memory locations and executes in 124 microseconds.

COMPUTER DESIGN/MARCH 1970



The byte swap operator is a 16-bit register (SWAP)
used to interchange the halves of a computer word. It
executes the interchange in a single cycle time of 1.76
microseconds, exchanging bits 15 to 8 with bits 7 to 0.
A byte pack operator is also available to form a 16-bit
word from two 8-bit characters that are loaded se-
quentially.

These two examples are indicative of the flexibility
built into the computer. The ability is intrinsic to the
direct function processing technique, permitting vir-
tually any operation to be incorporated in the instruc-
tion repertoire of the machine. Other standard op-
tions include: square root, BCD /binary conversion,
and general purpose registers.

DEVICE OPERATORS

Device operators provide the interface circuitry be-
tween system devices and the computer. Direct mem-
ory access and priority interrupt circuitry are pro-
vided for each device, as required, in the device
operator. The high-speed signals related to the in-
ternal operation of the computer are terminated at
the device operators so that external devices see only
relatively slow signals that can be cabled to the device.
In some cases, if the device is simple, the entire device
can be provided on the device operator plug-in
module. This module is approximately 4 inches by 9
inches and provides an output cable connection.

PROGRAMMING

Instructions are of the general form DEVICE X TO
DEVICE Y, and are described by a single machine
format:

SDA MOD DDA
IR SN (| L (il V- | el LBl

. S J X J A J
W i I3

SOURCE DEVICE CONTROL BITS DESTINATION
ADDRESS DEVICE ADDRESS

The actual operation performed by an instruction
is dependent upon the unique combination of SDA,
MOD, and DDA.

The four functional instruction classes are outlined
below. Each class is described with examples of ma-
chine and corresponding functional language instruc-
tions in the following paragraphs. In machine lan-
guage SDA and DDA are represented as two octal digits
each, and MOD is represented as four binary digits.
Function Generator: The source address of the func-
tion generator is 02. It causes control signals (rather
than data) to be transmitted to any system device
specified by the DDA. The modifier defines up to four
pulses in combination to be transmitted in parallel.
Examples of FAST instructions are: START HSR
START TTL
Function Test: The destination address of function
test is 02. It senses up to three status indicators asso-
ciated with any system device as specified by the
source address. If the status test defined by the modi-
fier is true, a SKIP instruction is performed. The for-
mat for the modifier is

MOD
1 l |

' |__ COMPLEMENT INCLUSIVE

"OR" OF TEST RESULTS

DEFINES UP TO THREE
STATUS INDICATORS

Examples of FAST instruction: SKIP IF ADC RDY
SKIP IF TTI NOT RDY

Data Test: The destination address of data test is 03.
It can test data from any source address for less than
zero, equal to zero or any combination thereof. If the
test defined by the modifier is true, the next word is
taken as a jump address; otherwise, the next word is
skipped. The format for the modifier is

9 6

MOD
S RN |

l— DEFERRED ADDRESS MODE

COMPLEMENT INCLUSIVE
"OR" OF TEST RESULTS

TEST FOR DATA =0

TEST FOR DATA <O

If a jump is performed, the current value of the
sequence counter is automatically stored in a trap
register associated with the data test. If the jump is
to a subroutine, the trap register provides the link
back to the calling program.

Examples of FAST instructions: IF ADC ETZ GO
TO ALARM. IF TTI NETZ GO TO PROCESS
Data Transmission: Any instruction not in one of the
classes defined above implies the transmission of data
from a source device to a destination device as speci-
fied by their addresses. The source and destination
may be the same device. Data transmission instructions
are of two forms. For nonmemory reference the modi-
fier format is

| SELECT ONES COMPLEMENT
SELECT BUS MODIFICATION
00 = NO MODIFICATION
01 = INCREMENT BY ONE (P1)

10 = SHIFT LEFT ONE BIT (L1)
11 =SHIFT RIGHT ONE BIT (R1)
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Examples: AO P1 TO DAC. C ADC P1 TO AY

For memory reference a memory reference instruction
is designated if the source or destination address is the
memory buffer register (06). The next word is taken
as a memory address or an operand. The format for
the modifier is

|— DEFERRED ADDRESS MODE (D)
IMMEDIATE ADDRESS MODE (I)

SELECT BUS MODIFICATION AS
IN NONMEMORY REFERENCE

Examples: 1-27 TO AX. LIMIT TO AY. D LIST-1
TO DAC

The contents of any register connected to the com-
puter bus structure can be transferred to any other
register in the system by a single instruction. The reg-
isters can be any devices in the computer or in the
system, including memory. The computer recognizes
and services interrupt requests and direct memory re-
quests generated by system devices. Devices may, how-
ever, cause traps to unique memory locations. The
cost of generating a unique address is borne by the
device interface itself. In a multilevel interrupt en-
vironment, priority is enforced by manipulations of
an interrupt status register by the respective interrupt
routines. Each device that is interfaced to operate in
an interrupt mode contributes a bit to the interrupt
status register so that it may be selectively enabled
and disabled. Interrupts may cause a trap to memory
location zero. If two or more devices trap to the same
memory location, a standard SKIP sequence is used by
the interrupt executive routine to enforce priorities
and isolate the device, or the devices may generate two
unique addresses.

Input/output devices may be driven in a pro-
grammed synchronized mode, normal interrupt mode,
or direct memory access mode. The permissible
mode(s) for a device is determined by its interface
with the system, but all data connections are made
via the same bus structure used for programmed
transfer.

A device to be operated in the direct memory mode
presents at least two registers to the bus system
(memory starting address and data buffer). A typical
direct access device interface will appear to the user
as follows:

Three addresses—DSKA: starting address on disc
(prime register); DSKM: starting address in memory;
DSKL: block length to be transferred.

Example: read from disc

TRACK TO DSKA : SET DISK ADDRESS
BUFFA TO DSKM : SET CORE ADDRESS
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LENG TO DSKL : SET LENGTH
READ TO DSKA : INITIATE READ

The device will steal one machine cycle (1.76 micro-
seconds) for transfer of each data word. When the
block transfer is completed, the device generates an
end-of-range interrupt on the priority interrupt chan-
nel. In addition, the disc contributes one bit to the
machine status word to indicate its active state and
sense flags to indicate parity error and up-to-speed.

Another interrupt mode, external instruction re-
quest, is provided. This interrupt mode is used to ex-
ercise the computer with hardware diagnostic mod-
ules. It can also be used in conjunction with read-
only memory to extend the instruction repertoire to
include complex instructions. When read-only mem-
ory is used in this interrupt mode, an instruction is
executed in 880 nanoseconds.

SUMMARY

The computer is both modular and expandable. It
need not have a main memory since other functions
can be added later. Or it may have a minimal amount
of memory and arithmetic capability, these functions
being substantially expanded for different control sys-
tem models. Thus the system designer can evaluate
his system requirements with regard to the trade-offs
between speed and economy. If he is looking for econ-
omy, he can strip down his hardware and perform his
system functions through program subroutines. If it
is speed he is looking for, he can substitute hardware
with an increased cost.

The firmware capability is intrinsic to the com-
puter. It therefore provides the flexibility of adding
the firmware option at any time. If requirements
change after a system has gone into operation, it is
possible to expand the computer capability. So a de-
cision made at one time does not necessarily commit
the system designer for all time or require substitu-
tion of a different, more powerful processor.

Certain special hard-wired instructions that cannot
be found in any other small computer or, indeed, in
any other computer, small or large, can be provided
or added by the customer as his own proprietary func-
tions. For example, in a system monitoring fluid flow,
the square root of the output of the flow-meters might
be necessary for normalizing the results. A hard-wired
square root instruction is possible. This is not an in-
struction capability normally found in small com-
puters.

Another example might be a machine tool numeri-
cal control system. The system manufacturer might de-
velop some special interpolation technique. By incor-
porating this within the computer he has a proprie-
tary and unique computing capability. No other com-
puter will be able to exactly duplicate that capability.
In fact, this is an excellent way for the system manu-
facturer to maintain his identity and image where
there is a growing tendency for one computer system
to resemble another. In short, virtually any type of
system dependent upon automated control can be en-
hanced by direct function processing.
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Individually available Snap-Lock
DATAKEYS incorporate a hermetically
sealed reed switch contact with
proven reliability, operated by

a moving permanent magnet.
Normally open, normally closed or
transfer contact arrangements
available. Designed with a

“Snap-Lock Insertion” feature,
DATAKEYS require no hardware

~ for mounting on a rigid

metal chassis panel that will

support the switch under pressures
exerted during operation. The
DATAKEYS are rated from low level to
10 watt loads for 20 million operations.
Up to three diodes can be incorporated
within DATAKEYS

for steering, compatibility

with MOS logic circuits or

any type of diode encoding.
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Tight budgets, tough problems
in conversion equipment?

Raytheon Computer makes it easier for you.

Before you get caught in another
A-to-D or D-to-A squeeze, with the
time running out and the dollars
draining away, talk to Raytheon
Computer.

We'll build your conversion equip-
ment faster and give you the best
price/performance ratio in the in-
dustry doing it.

First, select your basic elements
from the broadest line of conversion
and interface equipment available.
ADC’s. DAC's. Sample-and-holds.
Multiplexers. All interfaced to your
system. And all more than competi-
tively priced (like our 12-bit, 100kHz
multiplexed 8-channel ADC — just
$1,790).

Then give us your logic

Using computer-aided design and
automatic wire wrapping machines,
we'll wire and test all your equipment
at 35¢/wire for the first unit, half
that for succeeding units. (Your own
technician costs you at least 50¢/wire.
And that’s not counting the errors.)

Asa bonus, we'll throw in wire lists,
test results and technical manuals.
Free. You'll get your conversion
equipment and documentation faster
and cheaper than you could do it
yourself.

And if your system needs a com-
puter, use one of ours. Cycle times
from 900ns to 1.75us, prices from
under $10,000. And over 400 proven
programs off-the-shelf. We'll get your
system on-line faster and for less
money than anyone else around.

Like we said, we'll give you the best
price/performance ratio in the in-
dustry. If that’'s what your systems
need, call or write today. Ask for
Data File CB-181.

Raytheon Computer, 2700

diagrams and let us tie the S. Fairview St., Santa Ana,
whole system together for @ Calif. 92704. Phone 714/
you. 546-7160.

The only thing Raytheon Computer does is your job. Cheaper.
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Portable and easily set up, the data communication monitor is a
powerful tool in diagnosing trouble anywhere in a system

An Engineering Tool for Field Servicing
Data Communication Systems

Omer C. King
Dennis J. Toolan

IBM Corporation
Systems Development Division
Research Triangle Park, North Carolina

When a customer’s thruput is less than expected and
his data communication system is spread over many
miles, diagnosis of the problem can be very difficult.
Not only does speed of transmission up to 600 bits per
second make it difficult to isolate an offending bit,
but examination of a single bit or character is seldom
sufficient to pinpoint the problem. For such inter-
mittent, fleeting trouble, standard test equipment such
as oscilloscopes is usually inadequate.

To cope with these formidable problems, special
tools and techniques are being developed. One of
these is the data communication monitor, also known
as an “error trap,” built into an attaché-like case
which can be easily carried into a customer’s office.
The monitor can be attached to a system by a single
cable in less than a minute; all power and signals are
received from the host machine.

The monitor traps and displays an error character
and the three preceding characters, or identifies and
counts various types of errors while unattended. The
monitor does not in any way affect the operation of
the machine to which it has been attached.

Omer C. King is a project engineer in Termi-
nals Product Engineering. He has been in-
volved for the past seven years in providing
product engineering support of transmission
control units and terminal systems. He has a
BSEE degree from Purdue University.

Dennis J. Toolan is a technician in Termi-
nals Product Engineering, where he has
been the department technician with respon-
sibility for model machine testing for the
past three years. He has an AAS degree
from the University of Hartford.

Before the monitor was developed, the service engi-
neer had to rely entirely upon the oscilloscope and
his knowledge of the program—which he also had to
assume was correct. The monitor gives the engineer
an open window to the flow of control and data
sequences between the computer and numerous multi-
plexers, terminals and other components (Figs. 1 and
2). A trained operator can tell whether information is
being transmitted or received and what is being
polled or addressed, as well as collect error data. An
analysis may indicate a trend toward losing or gaining
bits which may point to an intermittent machine
failure, a line problem, a program “bug” or an op-
erator error. By viewing a series of lights and four
counters on the monitor, an engineer can trace a
problem to its source, determining its cause and best
solution. If thruput seems low, the monitor can be
used to count the number of characters and errors,
showing the frequency of retransmission and the
amount of time wasted in the system.

The monitor serves as a backup to normal error-
checking circuitry. More important, it can associate
an error with a particular set of circumstances—a
particular type of transmission, time of day, or opera-
tor—to help identify an error. Over 20 data com-
munication monitors have been built and are being
used by IBM service locations throughout the United
States. They have been used successfully to identify
such operator errors as putting a tape in backwards
and leaving a previously read tape in a machine until
the computer timed out.

The monitor is used with start-stop systems trans-
mitting in binary-coded decimal. In addition to its
two rows of sms (Standard Module System) cards—
easily removed and serviced—the monitor’s carrying
case has storage space for tools and interchangeable
cards and cables (Fig. 3). These allow the monitor
to be quickly adapted to any machine with an E1a
(Electronic Industry Association Standard) or modern
interface, a 134- or 600-baud rate, and transmission

63



COMPUTER
S

MODEMS

UNDER-COVER
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Fig. 1 Monitoring a teleprocessing system

FULL-DUPLEX LINE

MONATOR — MODEMS — B

D._

1 monITOR
B

-0

11
SLAVE TERMINALS

MASTER TERMINAL

Fig. 2 Optimum location of the monitor A can moni-
tor only transmissions to and from terminal 3, while
monitor B can “look’ at all data transmissions

Fig. 3

codes compatible with a six-bit-plus-parity (Bcp) code.
This includes the NAND, sMAL (Small-Level), sms and
sLT (Solid Logic Technology) logic families, with
voltages ranging from +12 volts to —12 volts.
Switches, indicators and counters are easily accessible
by lifting the cover of the carrying case (Fig. 4).
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FUNCTIONS

The data communication monitor performs a variety

of functions to aid the engineer servicing data com-

munication systems. Some can be provided simulta-

neously; others are options selected through switches.

The functions, in brief, are:

e Monitors all data received or sent on the line

e Stops on any character and displays character and
three preceding characters, when switch is thrown

e Stops on answerback characters from remote ter-
minal or computer and displays character and three
preceding characters. Stops on answerback of local
machine one character late and displays character
and two preceding characters

e Checks for ‘“false starts.” False starts, caused by
transmission or line distortion or noise bursts, cause
a space-to-mark line transition before the comple-
tion of an oscillator pulse in the monitor. False
starts are indicated/counted by an electro-mechani-
cal counter

e Checks for interruption of carrier (“carrier detect”)
caused by electrical noise or failure of communica-
tion facility or of machine at either end of line.
Indicated by light/counter

e Counts characters, when switch is thrown, to indi-
cate amount of usage

e Indicates end of block (£os), signaling end of mes-
sage and notifying engineer that longitudinal
redundancy check (rrc), and answerback code (v
or N) should follow

e Monitors the terminal or computer for any at-
tempts to transmit before the line has stabilized
and a “clear-to-send” signal has been received back
from the modem

e Checks for vertical redundancy check (VRc) parity
and stops on or counts all errors, depending on
switch position

e Transmits an alternate bit pattern to exercise an
undercover modem for easier evaluation of mark-
to-space ratio, distortion, and jitter

DATA FLOW
Fig. 5 is a block diagram of the monitor, which con-
tains: a line-sampling oscillator; deserializing register

(Register 0); three additional display registers (Regis-
ters 1-3); vertical-redundancy-checking circuit; error
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ERROR
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Fig. 5 Data communications monitor

counter; character counter; false-start comparison cir-
cuit; carrier interruption detection circuit; end-of-
block decoding circuit; answerback-display circuit,
and associated control circuitry, switches and indica-
tor lights.

The signals monitored and required for control are
shown in Fig. 6. Characters are transmitted serially
from the transmit and receive data leads to deserializ-
‘ing Register 0. The character is displayed in Register
0 until the next character starts to come in, at which
time the character is transferred in parallel to Regis-
ter 1. At the same time, the character already in
Register 1 is transferred to Register 2, and the one in
Register 2 to Register 3. (The character in Register 3
is “flushed out.”) Deserialization and transfer of these
characters continue until the stop condition selected
by the operator (error or answerback) occurs, or until
the operator throws the display switch “freezing” the
display and stopping further action by the monitor.

The steady-state or quiescent state of the transmit
and receive data leads is the mark level. A mark level
represents a bit or logical “1” and a space level repre-
sents the absence of a bit or logical “0” (Fig. 7). The
transition from mark to space level initiated by the
start bit of the first incoming character activates the
control circuitry of the line-sample oscillator, gating
the oscillator on. The first off-to-on transition of the
oscillator is used to test the state of the transmit or
receive data line for a true start bit.

If the data line is at a mark level, the condition is

DISPLAY REGISTERS
B A 8 4 2 1 C

REG
3
REG
2
REG
1
REG
(o]

INTERFACE CONTROLS
Receive Data Sample Line
Transmit Data Decode
Clear To Send Check Parity
Carrier Detected Shift
Ground Stop On Error
Request To Send Stop On
Logic Voltages Answerback

Shift

Fig. 6 Simplified flow diagram

|
|
|
| - R —

called a “false start” and the oscillator control cir-
cuitry will reset to the off condition, halting the
deserialize operation. The number of false starts can
be counted on an electromechanical counter located
on the monitor box.
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Fig. 7 Serial-by-bit deserialization of the alphabetic character “A” in the BCD code

Register 3 |

END OF TRANSMISSION %
EOT  8421C ON

ADDRESS CHARACTER
A" BA1 oN

Register 2

Register 1

1 ON

Register O

YES ANSWER BACK % %
BA821 ON

¥ RESET MACHINE TO START RECEIVING

* SEND MODE--DOWN-LINE TERMINAL
READY TO RECEIVE

Fig. 8 Typical addressing sequence

Register 3 (
BA1 ON
Register 2 | ( v "g”
BA2 ON
Register 1 ) i ol
BA2IC ON
Register O

SHOULD HAVE BEEN "D" WITH BA4 ON BUT C
BIT IS ON ALSO, GIVING EVEN PARITY AND A
VRC ERROR

Fig. 9 Typical VRC error sequence with the ‘‘error”
shown in Register 0 and the ERROR STOP switch on
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If the data line is at a space level on the first transi-
tion of the line-sampling oscillator, a “0” space is set
into the “C”-bit position of the deserializer/display
register (Register 0), and the register contents are
simultaneously shifted. Since all the register-bit posi-
tions are set on at the start of each character, the first
sample and shift pulse turns the “C” bit trigger off
and all other bit triggers on.

The next off-to-on transition of the oscillator pulse
occurs at the middle of “B” bit time on the data lead
(Fig. 7). Since the mark level is gated to the “C”-bit
trigger, the “C”-bit trigger will turn on, while the
previous no-bit condition of the “C”-bit trigger will
shift to the “1”-bit trigger in the deserializer. This
sample and shift technique continues until the “0”
that was initially set into the “C”-bit trigger is
shifted up through the deserializer into the serializer
data trigger. This transition initiates the serialized
data signal and resets the oscillator-control circuitry,
stopping the oscillator.

ERROR CHECKING

The parity of the deserialized character is checked by
(vrc) vertical redundancy circuitry. For any character,
an odd number of “1” bits should be deserialized.
The vrc consists of a binary trigger that is reset oft
at the beginning of each character.

The binary-set pulse is the same oscillator pulse
that sets and shifts the deserializer. The VRrc trigger
counts “ones” by gating to its opposite state (on or
off), whenever a mark level is sampled. As a result, the
VRC trigger is always in the on state at the end of a
deserializing operation if an odd number of bits has
been received.

There is no error indication if the vrc trigger is on
during the time that the serialize data trigger is on
and being sampled. If the vrc and end-of-block
triggers are off, the error counter is advanced. In
addition, an oscillator stop signal is generated if the
error-stop switch is in the on position. The oscillator-
stop signal will not allow the deserialize operation to
continue regardless of the state of the transmit/receive
line until the operator has reviewed the error charac-
ter displayed by Register “0”’s indicator lights and
reset either the error latch or the entire monitor.
The operator may record the error-character bits and
the bit configuration of the three previously deserial-
ized characters for analysis of what the error-charac-
ter-bit configuration should have been (Figs. 8 and 9).
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DiaViSion

Multiplexang
Broblem’s Solutions

Not enough channel capability?

Hard to expand your system?

Transparent to data?

Don’t want to worry about high
speed modems?

Already have high speed
modems?

Can’t tell what’s happening?

Can’t work if private line goes
down?

Can’t intermix speeds?

Want to feed right into a small
computer?

Get up to 88 channels in one unit with
the Rixon TDX-II.

Start with a few channels, add as you
wish (up to 88 total)
with the Rixon TDX-II.

The Rixon TDX-Il is a character
multiplexer and is absolutely data
transparent.

Don’t worry. We’'ll incorporate Rixon
high speed modems right into your
Rixon TDX-II.

That’s O.K. We’'ll provide Rixon
TDX-II's without the high speed
modems.

One light per channel on the Rixon
TDX-II provides simple, yet complete,
diagnostic capability.

The Rixon TDX-II can be switched to
allow back-up dial operation.

Intermix up to three rates—150,
134.49, and/or 110 bps— on any
channel simultaneously with the
Rixon TDX-II.

The Rixon TDX-Il was designed so
that the serial stream can easily be
multiplexed and demultiplexed by a
programmable device.

Get the full story on the TDX-Il today. Write or call collect for your copy of
the Rixon TDX-1l Applications Brochure.

Experience counts. It means you can count on Rixon. The Data Communications People.

RIXON

Rixon Electronics, Inc./a subsidiary of United Utilities, Incorporated, 2120 Industrial Parkway, Siiver Spring, Maryland 20904/(301) 622-2121
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Your designs take off fast

from250 catalog standard
memory systems

Ferroxcube makes memory selection easy with
an unmatched range of standard systems from 80 word,
17 bit buffers to 4./ megabit mass storage




You can find the right price, performance and delivery faster
because we offer the industry’s largest catalog-standard
selection of memory systems. From low-cost mini-memories
to mass storage memories, you have over 250 choices!

But whichever you choose, you get a head start. These are
proven memories. And they come from the largest indepen-
dent producer in the industry. Ferroxcube ships over 1,000
memory systems every month.

That means unmatched experience, which translates into
the best combination of quality, delivery and price. Result:
the lowest total cost to you.

So when you want your product to take off for the market-
place fast, come to Ferroxcube first. Why not today?

Ferroxcube 2

Systems Division, Englewood, Colorado
A NORTH AMERICAN PHILIPS COMPANY
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Annapolis, Md.—(301) 932-7660; Burbank, Calif.—(213)
849-6631; Chicago—(312) 832-0450; Cleveland—Data Tron
(216) EX 1-8421; Dallas—Data Marketing Assoc., (214)
231-1406; Englewood, Colo.—(303) 771-2000; Houston—
Data Marketing Assoc., (713) 686-9627; Minneapolis—
(612) 920-1830; Needham Heights, Mass.—(617) 449-1406;
Orlando, Fla.—W. A. Brown & Assoc., (305) 425-5505;
Philadelphia—(215) 643-4117; Phoenix—(602) 264-3129;
Union, N. J.—(201) 964-1844; Toronto, Ontario—Philips
Electron Devices, Ltd. (416) 425-5161.




Contact us for details— g we're ready to

wefe
delivering

30-45 DAYS
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Serial data transmission to and from a computer has the great
advantage of using only four coaxial cables, plus one for

each terminal. Inexpensive and relatively fast shift

registers make it easy and practical

A Serial Input/Output Scheme
For Small Computers’

John D. Meng

Lawrence Radiation Laboratory
University of California
Berkeley, California

Five years ago Lawrence Radiation Laboratory in-
stalled a small computer for simple data analysis in a
cyclotron environment. This was a 12-bit machine,
very small by most standards, but the wiring and
cabling problems were formidable since typical in-
stallations in such an environment involve many
peripherals—a plotter, tape machine, a disc and many
in-house produced input/output devices.!

Next a larger machine was acquired—one with
18-bit words, and with the larger machine naturally
came more complicated input/output.®? The back
sides of the equipment racks began to look like solid
cables. The circuit cards couldn’t be found for the
cables running up and down the back of the com-
puter. Finally, a 24-bit machine was installed. The
crew gazed for a few solemn moments at the cabling
problems and settled into black despair.

A 20-MHz shift register became available about this
time*, however, and it was apparent that a 24-bit
input/output could be handled over just five coaxial
cables, as opposed to the 200 or so individual wires
that would be required in a straightforward parallel
installation.

Mr. Meng graduated from MIT with a B.S.
Degree in 1960. While with the General
Electric Co. for five years, he was an elec-
tronics engineer in the Computer Department.
He is currently with the University of Cali-
fornia, where he is active in developing sys-
tems using small computers for on-line data
taking and analysis.

CONTRAST CALCULATIONS

Some simple arithmetic demonstrated the practicality
of the scheme. Memory cycle time on the 24-bit ma-
chine is 1.75 ps. Transmission of a 29-bit word serially
at 20 MHz requires 29 X 50 ns or 1.45 ps, less than one
memory cycle time. A 4-bit shift register costs about
$5.00. A 32-bit shift register costs 8 X 5 = $40.00. One
is required at each remote point, and at the computer.
Cabling costs would easily exceed this figure.

The accompanying table which compares serial and
parallel data transfers, weights the argument heavily
in favor of serial data communication. The practi-
cality in any system is determined by the transmission
time of a word of data. Until very recently, this was
prohibitively long. Indeed, in some applications it
may still be marginally too long. It is possible, of
course, to trade off number-of-cables and transmission
time. By using two data coaxes instead of one, and
half the number of clock pulses per burst, one can
halve the transmission time.

As a limit, the number of data cables could be in-
creased to one per bit and the number of clock pulses
decreased to one. This is the fully paralleled case. For
any system, an optimum data-transmission scheme
may be something between these end points. Fully
parallel transmission is expensive but fast. Fully serial
transmission is inexpensive but slower. Today, when
20-MHz clock rates are practical, the scale for measur-
ing optimum performance per dollar is tilted in the
serial direction.

*Work done under the auspices of the U.S. Atomic Energy Commis-
sion.
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HOW IT WORKS

The basic transmission scheme is shown in Fig. 1. It
consists of a gated oscillator, a 5-bit counter and de-
coding gate, and the shift registers. The technological
developments which have made this practical are:

e Availability of a 20-MHz, 4-bit TTL shift register
in a single can. This shift register may be loaded or
unloaded either serially or in parallel and in fact has
gating on the parallel inputs, reducing in many cases
the number of external gates required. The current
price of these shift registers is not prohibitive, being
in the range of $5.00 to $10.00. A 29-bit register (4
bits per can) costs about $50.00.

e Availability of inexpensive TTL micrologic that
is compatable with the shift registers. The standard
TTL output is 130 Q in the collector of a saturated
emitter-follower. This is nearly a perfect match to a
125-Q coaxial cable, a standard, readily available coax.
Twenty-nine-bit registers are used to transmit 24 bits
of data to allow for transmission error-checking, and
also to allow three bits for sending an identifying
tag with the 24-bit data word.

The computer has two basic input/output routes.
One is via the central processor (which supplies the
memory address), and the other is directly into or out
of memory (the external station must supply both an
address and the data). The same cables are used for
both routes. The entire system is shown in Fig. 2.
There are two cables returning with data and the
shift clock. Then there is one cable required to con-
nect each remote station to the daisy-chain multi-
plexer at the computer. The total number of cables
from the computer equals 4 4 n, where n is the num-
ber of remote stations.

The critical part of the system, of course, is the
relative delay in the signal and clock channels. Gross
inequalities in cable lengths must be avoided, as well
as gross differences in signal paths through amplifiers.

The amplifiers at the remote stations are TTL
gates, making them simple and inexpensive. The
input-gate boxes, similarly, are TTL circuits. Gates
driving the data coax must be discrete since it is

|
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Fig. 1 Basic serial data transmission scheme

REMOTE  STATIONS

TO REMOTE STATIONS \

Fig. 2 Computer input/output scheme

12

necessary to drive data from any of the station points
(including the computer), and when a station is not
transmitting, it must not load the line.

Any defective station in the chain can shut the sys-
tem down by preventing the flow of data or clock.
However, bypassing such a station is simply a matter
of disconnecting and joining four coaxial cables—a
very trivial operation! Debugging at any station is
simplified by having to worry about only five coaxial
cables when pulling a unit out of its rack for trouble-
shooting.

FURTHER ADVANTAGES

More detailed considerations will reveal more ad-
vantages. The normal sequence of operation is for
the central processor to send a word (or several words)
to a device to initiate an operation. The word struc-
ture is depicted in Fig. 3. To initialize a device, the
programmer might give an AcTIVATE command which
will specify which station, followed immediately by a
memory-location word, and then followed by a word-
count/command word. Each station (unless it were
in the midst of an operation) would receive these
words in its shift register, decode them, and either
ignore them or act, depending on the results of the
decoding. The station addressed would then periodi-
cally require access to the core memory. It would gate
off the input to its shift register, load a memory ad-
dress into the shift register with the proper tag in the
three function bits, and then request service from the
multiplexer.

The multiplexer waits until it is not busy and then
responds with a burst of clock pulses, preceded by a
return signal on the direct connection to the remote
terminal. The clock shifts the 29-bit word from the
remote station into the 29-bit registers at the com-
puter. The three function bits with the word are
decoded after being received, and the desired com-
puter operation is then initialized.
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Fig. 3 Remote station in-line data/clock amplifiers

At the completion of the operation required by the
command sequence, the remote station signals the
computer by putting the interrupt code into its shift
register (bits 2-4, Fig. 3) and asking the multiplexer
for control. The computer responds with a clock burst
when control is granted and interprets the word
which reaches it as an interrupt request. The remote
station is identified from the multiplexer (not from
coding in the data word), and the 24-bit data word
may be read by the computer to determine the
specifics of the interrupt request (such as Ready, End
of File, End of Tape, etc.).

COMPUTER ISOLATION

The point here is that the computer communicates
directly only with shift registers, which are located at
the computer! The advantage is the relative impos-
sibility of fouling the computer from cable ends at a
remote terminal. Wires that can easily foul normal
computer operation are all terminated at the com-
puter shift register in a carefully designed common
interface which prevents such interference.

In other words, all peripherals now deal with only
a single box which in turn must deal with the com-
puter. The extra level of isolation adds protection
to the operating central processor. Direct connections
to a particular machine in general use today can set
bits in the accumulator at any time with the simplest
sort of malfunction. Such gross interference is very
effectively prevented using this serial scheme.

In addition to the other features of the serial data
transmission scheme, the multiplexer is interesting in
that a single cable connection is used to request serv-
ice from the computer interface by the remote station,
return an answer to the remote station, and also
signal the computer from the remote station when a
data transfer is required. This is all done with the

circuits shown in Fig. 4. The request is made by the
remote terminal clamping the voltage down on the
line. The request is acknowledged by having the com-
puter end sink current from the remote-terminal
transmitter. The computer then releases the line, and
the remote station signals data-ready by removing the
request.

ERROR CHECKING

Some comments should be made concerning the error-
checking scheme tentatively adopted. A parity tree at
each shift register was considered, but this involved
too much hardware to be practical—particularly since
the data motions were all serial. A straightforward
scheme of using data-signal transitions to toggle a
flip-flop as the shifting occurred was also considered.
This is equivalent to a parity check, but on serial
data. This technique does not involve much extra
hardware, and in fact provisions have been made for
using it should the present scheme prove inadequate.
It was decided to use two bits which are always preset
to (0, 1) at the initiation of a transmission (Fig. 5).
They are checked at the end of each transmission for
the same code.

The two bits are passed completely through the
transmitting shift register at each transmission. The
assumption is, of course, that failures will be caused
by other than random noise, and the use of coax for
all interconnections minimizes this possibility.

A detected error at the computer sets a flag which
can be sensed by program. At the remote station the
technique for the handling of errors is chosen by the
station designer. The tape station, for example, sends
back to the computer an error-flag message with the
interrupt request.

One last point for consideration is the counter
decoder which determines the number of shift pulses
(Fig. 1). The gated oscillator produces one pulse after
the gate has been lowered. Consequently, the decoder
must not turn the pulser back on when this extra
count occurs and must detect a = condition rather

TWO BITS FOR ERROR CHECKING

THREE BITS FOR FUNCTION DEFINITION

[ [IL] [Tz weomw ams
}

DECODED AT
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DIRECT MEMORY READ

DIRECT MEMORY WRITE

INCREMENT A MEMORY LOCATION

24 BIT XFER/CPU CONTROL/READ MEMORY
24 BIT XFER/CPU CONTROL/WRITE MEMORY
ASK FOR INTERRUPT

ACTIVATE A DEVICE

NoOapwUN— O
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Fig. 4 Shift register word structure
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HOME REMOTE

WHEN THIS SHIFT OCCURS,
THE REMOTE REGISTER IS CHECKED

THESE BITS SHOULD ALWAYS BE O, | AT THE END
OF EVERY TRANSMISSION AND IN EVERY SHIFT
REGISTER USED

Fig. 6 Error checking

than just an = condition. This was accomplished by
simply using 28 + 1 pulses:

2810 = 343 = 011100,.

Our decoder detects the 0111 and ignores the least
significant two bits.

This has been an overview of the system rather
than a detailed description or analysis. It was first
considered because of its inherent elegance and sim-
plicity, and at this point it has paid substantial divi-
dends. A general interface is now being developed
for use with the camac standard (formerly called
1aNUs) for nuclear instrumentation.’
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THE CAMAC STANDARD

The features of the camac standard are covered
fairly completely in the Hooton article.’ Conse-
quently, a detailed scheme will not be given. Gener-
ally, though, it is a bin containing 25 slots and a well-
defined set of busses and interconnections. It is de-
signed so that the modules in the end position can
multiplex operations on the busses and can also con-
trol bin interactions with any computer. The bin is
becoming a nuclear instrumentation standard, having
already won acceptance in Europe. The need for
such a standard is, of course, dictated by the wide
variety of special-purpose equipment developed in
various laboratories which could be used by others.
By defining the interface, which can be driven by any
commercial computer, such special-purpose equip-
ment becomes instantly operable in all laboratories
using the standard.

In typical small-computer operations where the
variety of special peripheral connections may be very
large, such a standard interface has substantial value.
If, for example, a particular disc or a particular tape
machine were interfaced to a standard rather than
being interfaced to some individual computer’s idio-
syncrosies, the controller for the peripheral could be
used unchanged with any computer which was inter-
faced to the standard.

Thus, the number of computer interfaces neces-
sarily designed for each different computer type is
reduced to one rather than one per peripheral. From
the user’s standpoint, this is an ideal situation. He is
free to choose the best available computer instead
of merely the one with the best peripheral comple-
ment. He is freed from the tedium of redesigning all
his individual interfaces everytime he changes com-
puter types. He is also able to use interface designs
from a larger group of users—not just those who by
chance have the same type of computer he has. Of
course, computer manufacturers might be expected
to vehemently oppose such a userdictated standard,
since they clearly would like to have their particular
input/output scheme adopted as a standard, with the
accompanying competitive advantage when such a
user goes out to purchase his next machine.

DESIGNING FOR ADAPTABILITY

Defining a standard for use in interfacing peripherals
poses more problems than defining a standard for use
just with nuclear instruments. However, cAMAc has
been designed with enough care that it is easily
adaptable to peripheral interfaces.

First, peripherals are not always located close
enough to each other to make it desirable for con-
trollers for each device to be in very close proximity
to each other. Second, the computer must be inter-
faced to the bin standard, and the bin controller
multiplexes the contents of its bin. For high-data
transfer-rate devices (such as a disc), and where multi-
ple bins must be themselves multiplexed at the com-
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Criterion Parallel
Number of wires Approximately 200 n

(for trouble shooting or and connectors
to accommodate changing
environments)

and noise

Increases Linearly with word size

COMPARISON OF SERIAL AND PARALLEL DATA TRANSFERS

Transmission time Typically 0.5 us for any number of 1.45 ps for 24-bit word with 20-MHz clock. In-
bits* creases linearly with word size*
Crosstalk and noise Major problem. Severely limits trans- Not a problem for any practical transmission
mission distances distance. Delay of clock relative to data is fairly
critical
Flexibility in physical loca- Extremely cumbersome to move any Trivial since the number of cables is very small

tion of remote stations remote station. Requires special cables and the cables and connectors are standard

Cost of making connection Substantial labor involved in making Very little labor involved in cable construction.
cables. Special drivers and receivers No need for special receivers since noise and
often required because of crosstalk crosstalk are negligible. Special cable drivers

*For typical distances to peripheral devices, transit time will not be significant

Serial

4 + n coaxial cables, n being number of re-
mote terminals

Constant with word size change

items

may be required but very few are needed. A
shift register is required at the computer and
at each remote terminal

puter (in addition to multiplexing within each bin),
the multiplexing time build-up may get prohibitive.
If a device requests computer service from a position
within a bin and must wait (1) for the bin to be free,
(2) for the bin to request service from the computer
and (3) for the computer to be free, the time interval
from the initial request to securing computer service
may get too long for the device to tolerate. The obvi-
ous solution to these problems is the use of “single-
device bins.” These need not be bins at all, but
merely device controllers containing standard cAMAc
connectors for connection to the computer-cAMAC
interface. Thus, the multiple advantages of standardi-
zation are retained without sacrificing flexibility or
response time.

THE PROBLEM OF WORD LENGTH

Another problem is that generated by differing word
length of different computers: How is it possible to
build a peripheral controller to a standard interface
without first knowing the word length required?
The answer is that two boxes are built—one for
register functions and one for device-control func-
tions. Register functions are word-length oriented
rather than computer oriented and may include a
word counter, computer-address counter, and word
buffer. This box may be common to most of the
devices in a system. The device-control functions form

the interface of the particular device to the camac
standard.

Thus far this discussion has been hypothetical and

might seem little related to the serial input/output
scheme; it is very much related, however, because in
the system under consideration a single interface was
developed—serial to camac—then device controllers
were produced to cAMAC standards.

This practical application of the camac standard

has proven itself quite workable. Indeed, progressively
greater advantages are anticipated as cAMAG becomes
more familiar as a design standard.
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Handsome is as handsome does

... and our new 420 Buffer
Memory does an outstanding
job in spite of its appearance.
We could have made it
prettier, of course. But we
wanted to keep the size
down. And the price. So we
concentrated on things like speed
(4.0 usecs full cycle, with access time
of 600 n.s.) . . . performance (20,000 hours MTBF)

. capacity (1024 words x 8 bits per word) . . . and design
(TTL integrated-circuit logic).

The really beautiful thing about the 420 is its versatility.
It’s ideal for just about any buffer operation where data comes
in bursts that can’t be absorbed by 1/0 equipment. Like data-

conversion jobs in information terminals . . . numerical control
devices on automated machine tools . . . unusual applications
such as highway toll-collection systems . . . process control . . .

medical electronics. Ad infinitum. Comes with or without ad-
dress and data registers, too. (Either way, two 420’s will just
about fit into a shoebox.) Operating environment? 32 to 140°
F., 0% to 90% R.H. without condensation.

For more facts on the 420, or for help with application
problems, contact a Fabri-Tek man at one of our national or
international offices. Or write or call us direct.

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

FABRI=TEK

5901 South County Road 18 « Minneapolis, Minnesota 55436 « Telephone: 612-935-8811 « TWX: 910-576-2913
In England: York House, Empire Way, Wembley, Middlesex, England « Phone: 01-902-1923 « TWX: 851-935245
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Use of augmented flip-flop transition tables and octal numbers provides
a fast, systematic procedure for transferring synchronous
sequential data from a state table to Karnaugh maps

An Efficient Way of Transferring
Synchronous Sequential Data

Julian S. Loui

Codex Corporation
Watertown, Massachusetts

Fast and reliable, systematic transference of data from
the state table to Karnaugh maps in synchronous se-
quential-circuit design may be accomplished simply
by augmenting with an initial-state column the ex-
citation or transition table of the selected type of
memory element and by using octal numbers to code
the states and cells in the transition table and maps,
respectively.

Reference to the augmented J-K, S-R, and D flip-
flop transition tables shows that all states from which
a flip-flop makes the same transition can be entered
together in the appropriate row of the flip-flop’s
transition table and that once the table is filled,
rapid data transfer to the maps can be made. The use
of octal numbers greatly facilitates the coding and
identification of states in the state table and cells in

Julian S. Lloui is a project engineer and
member of the technical staff. He specializes
in high-speed data modem circuit design.
Mr. Loui received a BEE from the City Col-
lege of New York and an MSEE from North-
eastern University.
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CDE
000 001 o1t 010 110 111 101 100

DEF
ABC\_000 001 Ofi 010 110 {11 101 100

000

001
011
010 |
110
111
o1 |
100 |

the maps. The augmented excitation table acts as a
rapid vehicle between the state table and the maps
and provides a useful record for checking purposes.

The procedure offered here consists of:

e first setting up the design’s state table with the
entry states identified with appropriate equivalent
octal numbers

e next deciding on the type of flip-flop to use

o then filling each flip-flop stages augmented transi-
tion table

e finally, collectively transferring the data from the
transition tables to their respective input-logic
Karnaugh maps.

Three complete simple design examples using cur-
rent TTL J-K elements are provided below for il-
lustration. J-K flip-flops have been selected mainly for
their versatility.

78

EXAMPLE 1. A self-correcting divide-by-3 counter

Begin with the counter’s state table. The left-hand
column designated t, defines the initial state whereas
the right-hand column designated t, , ; defines the cor-
responding subsequent next state. Each state is identi-
fied with an equivalent octal number. Also, a state
diagram is provided as a pictorial description of the
circuit’s behavior. Though both are regarded as equiv-
alent, the state table is, from the synthesis standpoint,
more convenient to use than the state diagram.

Next select the J-K flip-flop as the basic memory
element.

Two augmented J-K transition tables are to be
filled, one for A and the other for B. Examination of
the state table reveals that A undergoes a 0-to-0
change from state (), to 0-to-1 change from state 1, a
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EXAMPLE 1

II1II

'n 'nu
A B A B o
*JOJ010 1) 0‘0 I—-J A . B—l
{01l El L 3
3111 i010]| K 2 K B
2| TRkOd 1] 1 O, A A
CLOCK —»—
TRANSITION | INITIAL STATE(S) | Ja | Ka TRANSITION | INITIAL STATE(S) | Js | Ks
0—»0 4 0 d 0—»0 e 041
0—>»1 g,1,5 144 0—1 8,2 110
1—>»0 2,6 d 1 1—0 3 0
| —>1 3,7 d 10 1—>1 1 di o

Jg Map

I-to-0 change from states 2 and 3, but no I1-to-l
change; B undergoes no 0-to-0 change, but a 0-to-1
change from states () and 2, a 1-to-0 change from state
3, and a I-to-l change from state 1. Regard this in-
formation in the appropriate transition tables.

In accordance with the J and K columns of the A
transition table, fill in the J, and K, Karnaugh maps,
respectively, as follows:

Ja MAP

0 in cell § corresponding to initial state ()

1 in cell 1 corresponding to initial state 1

d (i.e, don’t care) in cells 2, 8 corresponding to
initial states 2 and 3

Ka MAP

d in cells (), 1 corresponding to states () and 1

1 in cells 2, 3 corresponding to states 2 and 3

Similarly, fill in the Jp and Ky maps according to J
and K columns of the B transition table.

Now that the maps are completed, finish the design
by selecting a simple set of J and K logic equations
from them (out of many equally satisfactory sets, need-
less to say). Arbitrarily the following were chosen:

Ja =B, Ki =1
Js =1, Kg = A

However, for example, the following set could be used
just as well:

Ja =B, Ka=A
JB=B, KB=A
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EXAMPLE 2

t it N \48
| [RBNT x [aA B | A B ‘00 01 11 10 00 of 11 10
» |0|O0]|O]1]|O ol 14/ 1,4 d3jd2 0|dy/d 0312
t lolaii)l |6 110,00l dy dg 1{dae/ds| O tg
2 0 LIuO 104 Jy Map K, Map
3 O Bl o
f 4 |1 g0 0 "
5 110111 N0 o 1 10 XN 00 0 11 10
j 6 | 1000 °Opd|d312 0dp1|13d2
4 7 | pehaleiel L d 1fleldal d-| O 1l'd,l 06 04 G
3 Jg Map Kp Map
TRANSITION INITIAL STATE(S) Ja | Ka
0—P0 0 0 d
O] 1 1 d
1 —>»0 3,2 411 ; J
=] R d 0 D ) ¢
va J2
TRANSITION INITIAL STATE(S) Js | KB “' >
0—>0 g,6 0| d = i
0—>»1 2,4 1 0 x
1—»0 1.3 0
1=——0 57 d 0

EXAMPLE 2. A 4-state sequential machine with a
single input

The single input to the machine is designated X in
the state table and the flip-flops are represented by A
and B. In order to reduce the number of maps to be
used in this problem (from 8 two-variable maps to 4
three-variable maps), the input has been artificially
coded into the internal state. Thus, state 2 actually
means “if X =0 when the internal state AB = 10.”
In the state diagram, which again is intended only to
render a pictorial interpretation of the machine’s be-
havior, each directional link is described with a
value of X.

Once again select the J-K flip-flop.

Note that A undergoes a 0-to-0 change from ‘state’
4, a 0-to-1 change from ‘states’ (), 1, and 5, a 1-to-0
change from ‘states’ 2 and 6, a 1-to-1 change from
‘states’ 3 and 7. Hence, the A transition table is seen
to list (4), (@, 1, 5), (2, 6), and (3, 7) on its first, sec-
ond, third, and fourth row, respectively. The B transi-
tion table is arrived at similarly.
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Now fill the J,, K4, Jg, Kz maps each in three col-
lective steps as below.

Kax MAP
0 in cells 3, 7
1in cells 2, 6
dincells4, 3, 1,5
Kz MAP
0 in cells 5, 7
1incells1, 3
d in cells 0, 6, 2, 4

Ja MAP

0 in cell 4

lincells 9,1, 5

d in cells 2, 6, 3, 7
Js MAP

0 in cells 0, 6

1 in cells 2, 4

din eells1, 3, 5,7

It becomes apparent then that the following can be
selected as a simple set of design equations:
Ja=X+B, Ki=B
Js = XA + XA, Kp =

Kl
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EXAMPLE 3. A modulo-16 gray-code counter

For simplicity, the state table of this problem is pre-
sented as a state sequence which lists the states of the
counter sequentially. If any state (row) is considered
as an initial state, then the state appearing immedi-

sition table for flip-flop A. Treat the other three flip-
flops” data in the same manner.

Referring to the A, B, C, and D transition tables,
fill in their ] and K maps each in three collective
steps as below.

ately below is the correspond.ing next state. Ja MAP K, MAP
As before, choose the J-K flip-flop.
From the state sequence note that flip-flop A under- 0 in cells 0, 1, 3, 2, 6, 0 in cells 14, 15, 17, 16,
goes a 0-to-0 change from states(), 1, 3, 2, 6, 7, and 5, 7,5 12, 13, 11
e 10, 2 Lo i oot siaee 5, Visclld 1 inccll 10
16, 12, 18, and 11. Enter these four groups of states  d in cells 10, 14, 15, 17, dinecells §, 1, 3,2, 6, 7,
into the appropriate rows of the augmented J-K tran- 16; 12, 13; 11 5, 4
EXAMPLE 3
| Transimion| iNITIAL STATES) | da | Ka
0—>»0 | #13,2,6,75 0| d
| PR 1| d
P AR 5 06 S
;. ol o f—>1 | 14,1517,16,12,1311 | d | O
L rE N aE
3 QO ﬁ
TRANSITION | INITIAL STATE(S) | Js | Ks
2 oSG 4 0—>0 g1,3,12,1311,10 | O
» 0 ! 110 E 0—>1 2 1 0
G n ARl | {80 .| | 16 d | 1
v SERLE N iy 6,7,5,4,14,1517 | d | 0
4 O 1 0P 0 |
wobt il ote
L - [transiTion | iniTIAL sTATEGS) | uc [ Ke
oty B | 0—=0 | B541n10 |0l
16 e B | 0—>1 1,15 1148
R T i,
S Y B O [ | —>1 $2607612 | d 10
TRERGEES |
gt 0 Oun | FARsIoR | INTAL STATE(S) | Jp | Ko
¢ D40 [ O D |
| 0—>0 2,4,16,10 0
0—>1 g,6,14,12 {4
| 1—>0 3,5, 17,11 d:lnt
(i 1,7, 15,13 i | o
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A®B
]
Lvu' A BJ A@B—Eaﬁ) C‘L| % )
B
t_,-'is'f
X x_l-_*)i_] A@B‘SK 3 . B_l
CLOCK
®s
D) X
D e
Js MAP Kp MAP
0 in celis 0, 1, 3, 12, 13, 0 in cells 6, 7, 5, 4, 14,
11, 10 15, 17
1 in cell 2 1 in cell 16
82

d in cells 16, 6, 7, 5, 4,
14, 15, 17

Jc MAP

0 in cells 0, 5, 4, 14, 11,
10

1in cells 1, 15
din'cells 7, 13, 3, 2; 6;
17, 16, 12
Jo MAP
0 in cells 2, 4, 16, 10
1 in cells 0, 6, 14, 12

d in cells 3,5, 7, 113 1, 7,
15, 13

d in cells , 1, 3, 12, 13,
11,10, 2

K¢ MAP

0 in cells 3, 2, 6, 17, 16,
12

1in cells 7, 13
d in cells 0, 5, 4, 14, 11,
10, 1515
Kp MAP
Orinveells 1, 7, 15, 15
1" incells 3. 5,17, 11

d in cells 2, 4, 16, 10, 0,
6, 14, 12

It is clear from inspecting the maps that one pos-
sible set of J-K equations consists of:

Ja=BOD,

Js=ACD,

Ka
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CONCLUSION

This data-transfer method can be applied to in-
completely specified state tables also. A state table
is said to be incompletely specified if it contains states
whose subsequent next states are not given. These
unused initial states generally fall into two classes,
namely (1) impossible (hence don’t care) states and
(2) unwanted (or forbidden) states. Impossible states
may be due to automatic initialization or resetting via
asynchronous inputs and/or unique input conditions.
All forbidden states must eventually lead back to the
used (specified) states. Once the used-state data have
been recorded in the maps, cells related to unused
states can be filled in as follows. Cells corresponding

to impossible states can arbitrarily be assigned logic
values with a view to attaining an overall optimum
solution. However, as for forbidden states, it is possi-
ble, as in normal practice, to tentatively assign logic
values to their associated cells in the maps so as to
achieve a best solution. This (logic-equation) solu-
tion is next tested to insure that each unwanted state
leads eventually back to the used states. Otherwise, a
new (and probably less simple) solution must be
assumed by reassigning values to the unwanted states’
cells and tested until a valid solution is obtained. If
a table involves only a few forbidden states, it is al-
ways possible to circumvent the problem by arbi-
trarily returning the unwanted states to the used
states with the likely consequence of using extra hard-
ware. The table is therefore completely specified.

APPENDIX: Input Conversion Equations for Syn-
chronous Memory Elements

Frequently it is useful to have available a set of input
conversion equations between the common types of
flip-flops operated in the synchronous mode. In gen-
eral, input logic equations converted from one type
of flip-flop to another may not yield as simple a solu-
tion as if they had been derived directly. Nevertheless,
this drawback does not completely negate the value
of input conversion equations.

A set of conversion equations between the common
flip-flop types has been obtained by a straightforward
application of the method presented in the preceding
article. It has been assumed that the condition
R =S =1 is forbidden.

CONVERSION TABLE

Conversion from J-K Type with known F,K Inputs:

s=JQ R = KQ (1)
D = JQ + KQ 2)
T=JQ+KQ (3)
Conversion from R-S T ype with known R,S Inputs:

D =S+ RQ (4-a)
D=RS+RQ =R +0Q) (4-b)
T=580+R0O (5-a)
T = RSQ + RSQ (5-b)
J =8 K =R (6-a)
J o~ 50 K = RQ (6-b)
Conversion from D T ype with known D Input:

S=D R=D (7-a)
S = DQ R = DQ (7-b)
J=D K=D (8-a)
J =DQ , K = DQ (8-b)
T=DeQ=DQ+ DQ 9)

Conversion from T Type with known T Input:

S =TQ R = TQ (10-a)
S=TeQ=TQ+TQ R =TeQ=TQ+TQ (10-b)
D=TeQ=TQ+TQ (11)

J =T K=T (12-a)
J =TQ K=TQ (12-b)

Q is flip-flop’s output

ILLUSTRATION

Implement a 4-bit maximum-length shift-register coun-

ter W X Y Z whose input equations are Dy, = W & Z,

D, =W, Dy = X and D, = Y, using J-K flip-flops.
Essentially Dy, Dy, Dy and D, are D-type equations

and the problem here is one of writing Jw, Ky, Jx, K,

Jss Ky, Js and K, in terms of Dy, Dy, Dy and D,.
Clearly from equations (8-a) or experience

JX=DX=W3 Kx=§x=zv
Jy=Dy=X, Ky=9y=§
J2=Dz=Y, KzzDz=Y

However, it is more advantageous to express J, and
K, in terms of equations (8-b) instead of equations (8-a)
in order to obtain a simpler solution.

Jo =D W= (Weo2)W=2W
Key=D, W= W o 2Z) W=2ZW

Since equations (12-b) are identical to Jw = WZ,
Ky = WZ with Z = T and are equivalent to equations
(12-a), it follows that

Jv=Ke=2Z

Comparison between Dy, = Z & W and equation (11)
also reveals Z as a toggle function and therefore leads to
the same conclusion J, = Ky = Z.
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GRAPHICS TERMINAL

From CRT display
to hardcopy printout.
In seconds!
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A plotter takes 30 minutes. A dry-silver
photographic process makes muddy copies.
But at Adage, Inc. the Gould 4800
Electrostatic Printer puts out clean

hard copy in seconds. No wait.

No wonder the 4800 is now a

catalogued item for Adage Inc.’s award-
winning Graphics Terminal.

The Graphics Terminal is a CRT

display computer system with infinite potential
for interractive graphics applications in
science and engineering. To name a few,
cockpit design, mathematical equations

and printed circuit cards.

Having the 4800 Electrostatic

Printer on line the user can alter his design
equation with a light pen and have clean
hard copy of any stage within seconds.
Adage officials say their system is

further enhanced by the economy of the
4800. It doubles as a printer by putting out both
alphanumerics and graphics. It has fewer
moving parts to maintain than conventional
equipment. And Adage interfaced the

4800 in a matter of days ... at

surprisingly low cost.

More 4800 facts:

At 412,000 characters per minute,

the Gould 4800 breaks the old printout
bottleneck on your computer. It reproduces
signals from any source of digital input or data
transmission by telemetry, radio microwave
and/or land line, quickly, quietly,

accurately and economically.

4800 can probably recap the same

benefits for your system as it does for Adage’s
Graphics Terminal. Write us to see. Don’t
wait. Graphics Division, Gould Inc., 3631
Perkins Avenue, Cleveland, Ohio 44114.

COUOCLEVITE

Gould 4800. The next generation
of high-speed printers.

CIRCLE 38 ON INQUIRY CARD
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Kynar® . . . the tough insulation that resists cut-through,
abrasion, rubbing. It stops shorts. Even in today's pe-
ripherals and mini-computers where there are only a
few mils of insulation on 30-gage wire.

In fact, Kynar's twice as tough as other fluorocarbons.
Loop it, bend it, scrape it, pull it...right over knife edges.

It feeds, strips, and handles easily in manual, automatic
and semiautomatic wiring equipment. It's like built-in QC.

Kynar resists cleaning solvents. And corrosives, too. It
stays flexible at —80°F; form stable at 300°F.

Write for samples and the facts. And find out how you
cut out cut-through. Plastics Department, Pennwalt Cor-
poration, 3 Penn Center, Philadelphia, Pa. 19102,

Kynar is Pennwalt's registered trademark for its vinylidene fluoride resin

KYNAR. . . the fluoroplastic that’s tough!

= JENNWALT

ENGINEERING PLASTICS
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Treat Your System
To A Fond Memo

ry...

The MC1170L - Fastest MOS Memory Available

High performance and low cost neatly sum up
the characteristics of Motorola’s MC1170L 64-
Bit MOS Random Access Memory. Designed for
use in 500 ns or less access time systems, the
memory is organized as 16 words of 4 bits each
and features 'a typical access time of 250 ns.
Decoding, Read, Write and Storage circuitry are
all contained on the 80-mil square chip, thereby
minimizing interconnection requirements and
fabrication costs. And when cost is a prime
consideration the MC1170’s production quantity
low bit cost overshadows higher 50¢/bit costs for
16-bit bipolar memories and 25-to 50¢/bit costs
for magnetic memories (4,000-bit systems) .

A word in the memory is addressed by
applying the appropriate binary code to the four
address lines. Separate read and write inputs
control the mode of operation. During operation,
four bit lines insert data into the memory in the
write mode and sense the stored information in
the read mode.

— whene the priceless ingnedient & cane!

CIRCLE 40 ON INQUIRY CARD

The MC1170L is flexible for expansion to
larger memory systems. The binary addressing
characteristic, the bit line wired OR capability
and the availability of the enable input all aid
in expanding the MC1170L to meet larger system
requirements.

Use the MC1170L anywhere that low
speeds and low data rates are required. Since the
readout is nondestructive the MC1170L offers
advantages over magnetostrictive delay lines.
And, its comparative low-cost/high performance/
small-size ratio suggests applications in digital
instrumentation, miniaturized data processing
equipment and advanced office machines.

Now’s the time to start thinking of your
system. To help you out we have a new appli-
cation note (AN-501) which explains the MC-
1170L in detail. It’s yours for the asking — just
write to P.O. Box 20912, Phoenix, Arizona 85036.
And for immediate evaluation units call your
local Motorola distributor. Make this a day
you’ll remember with fond memories.

MOTOROLA

Integrated Circuits
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MARCH 23-26

1970 IEEE
International Convention and Exhibition

New York Coliseum and New York Hilton Hotel
March 23-26

‘““Launching the Spectacular '70s in Electrical and Electronic
Engineering’’ is the theme of this year's IEEE major elec-
tronics convention.

Fifty-one technical sessions will be held at the Hilton
Hotel from 9:30 a.m. to 12:00 noon and from 2:00 to 4:30
p.m. Monday through Thursday. Technical application ses-
sions will also take place daily on the fourth floor of the
Coliseum from 10:30 a.m. to 1:00 p.m. and from 2:30 to
5:30 p.m. In addition play/panel discussions will be held
Monday and Tuesday and special group-sponsored sessions
will be held on Wednesday and Thursday in the Hilton at
varied times.

The highlight session, “‘Planning for Change,”” will be held
Monday evening from 8:00 to 10:30 in the Trianon Ballroom
of the Hilton and the keynote session, ‘“The Emerging Sev-
enties,”” will be held Tuesday evening from 8:00 to 10:30
in the Hilton’s Grand Ballroom.

The IEEE exhibition at the Coliseum will be open from
10:00 a.m. to 8:00 p.m. daily, Monday through Thursday.
The first floor will be set aside for production equipment
and such service organizations as publishers and consult-
ants. The second floor will be restricted to systems and in-
struments. The third and fourth floors will be devoted to
components, with all microwave components included in
the third floor exhibits. There will be a free shuttle bus
service between the Coliseum and the Hilton.

You may register at either the Hilton or the Coliseum.
Registration hours at the Hilton are from 2:00 to 8:00 p.m.
on Sunday, March 22, and from 9:00 a.m. to 5:00 p.m.
daily during the convention, except for Monday and Tuesday
when the registration period is extended to 8:00 p.m. be-
cause the highlight and keynote sessions are held those
evenings. Registration hours at the Coliseum are from 9:00
a.m. to 8:00 p.m., Monday through Thursday. Registration
fees are $4 for all IEEE members and group affiliates and
members of the military services including civilian em-
ployees of government establishments. Non-members may
register for $8 and women accompanied by a registered
guest may register for $2.

A Convention Digest will be available at special booths at
both the Coliseum and the Hilton. During the convention,
one copy of the digest will be available to IEEE members at
$3; additional copies will be $5 per copy. Non-members may
purchase copies at $5 each at the convention. After the
convention, copies for members will be $5 each and for non-
members, $7.
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TECHNICAL PROGRAM
EXCERPTS

Monday Morning, March 23 9:30-12:00

Session 1A Trianon Ballroom

Electro-Acousto-Opto-Magneto-Elasto-Interactions
Chairman and Organizer: A. Rose, RCA, Princeton, N.J.

“Properties of Magnetic ‘Bubble’ Domains,” A. H. Bobeck, BTL,
Murray Hill, N.J.

“Applications of Non-Linear Optics,” I. P. Kaminow, BTL,
Holmdel, N.]J.

“Upconversion: A New Technique for Infrared to Visible Image
Conversion,” A. H. Firester, RCA, Princeton, N.J.

“Acousto-Electric Interactions,” A. R. Moore, RCA, Princeton,
N.J.

Session 1C Sutton Ballroom North

Computer Techniques in Urban Management

Chairman and Organizer: E. S. Savas, Office of the Mayor,
New York, N.Y.

“Computer Techniques in Urban Government,” S. Simich,
Touche Ross Co., New York, N.Y.

“The Chicago Story,” R. Golden, Civic Center Building, Chi-
cago, Ill.

“The New York Story,” H. B. Lipton, Office of the Mayor, New
York, N.Y.
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INTEL BOMBS
THE PRICES ON
LS| MEMORIES

Industry prices cut
more than half

Very high yields at Intel are beginning to realize
the long-promised economies of LSI. Using ad-
vanced technologies — like the silicon gate for
MOS and the Schottky process for bipolars—Intel
has achieved yields far greater than the 2% or
Model 1101, a 256-bit MOSRAM S 70 typical of LSI production.

‘3’““ 1.5 usec mbaxg?):’/mta‘?;;;& First major price reductions have been made on
N':\zségrg;:fesyin p"”c°e with  two fully-decoded random-access memories,
small core memories. both DTL and TTL compatible. Look at the differ-

ence between old and new prices:
Model 1101 Model 3101

(256-bit MOS) (64-bit bipolar) Both Model 3101, a 64-bit bipolar
Quantity old Oid New RAM with 60 ns maximum ac-
1-9 $150 $99.50 $40.00 cess, drops in price by 38% to
10-24 $110 $74.00 $40.00 60%.
25 -99 $ 80 $53.00 $32.50
100 - 249 $ 65 $43.00 $26.50
250 - 999 — — $26.50
1000 - 2000 - — $23.50

In stock now at over 40 locations. Phone your
local Intel distributor: Cramer Electronics or
Hamilton Electro Sales. Or call us collect at (415)
961-8080. Intel Corporation is in production at
365 Middlefield Rd., Mountain View, Calif. 94040.

Intel delivers.
Try us.
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Session 1G Gramercy Suite

Computer-Controlled Testing of LS|

Chairman and Organizer: M. R. Barber, BTL, Murray Hill,
N.J.

“Techniques and Equipment for LSI Testing,” G. C. Padwick,
Fairchild Instrumentation, Sunnyvale, Calif.

“Systems Consideration for Dynamic Testing of LSL” J. G.
Salvador, Teradyne Dynamic Systems, Inc., Encino, Calif.

“Computer Controlled Test Systems for IC Memory,” C. W.
Green, BTL, Allentown, Pa.

“Dynamic Test Systems for LSI Arrays,
Jr., Cogar Corp., Wappingers Falls, N.Y.

Conrad J. Boisvert,

Monday Afternoon, March 23 2:00-4:30

Session 2A Trianon Ballroom

Optoelectronics: New Advances in Light Emitting Diodes and
Other Display Devices

Chairman and Organizer: J. H. Rowen, BTL, Murray Hill,
N-

“The Evolution in Gallium Arsenide Phosphide Injection Elec-
troluminescent Displays,” J. C. Barrett, Hewlett-Packard Co.,
Palo Alto, Calif.

“Red and Green Light Emission from Gallium Phosphide
Diodes,” W. Rosenzweig, BTL, Murray Hill, N.J.

“Visible Light Emission from Gallium Aluminum Arsenide,”
M. R. Lorenz, IBM, Yorktown Heights, N.Y.

“Efficient Infrared-Excited Visible Luminescence in Rare Earth
Systems,” R. A. Hewes, GE, Nela Park, Cleveland, Ohio

“DC Gas Discharge Panel Display,” W. J. Harman, Jr., Bur-
roughs Corp., Plainfield, N.]J.

Session 2C Sutton Ballroom North

Artwork Generation for Integrated Circuits

Chairman and Organizer: H. H. Loar, Western Electric, New
York, N.Y.

“Integrated Circuit Design Automation,” J. Narud, Motorola,
Inc., Phoenix, Ariz.

“A Rotating Mirror Pattern Generator,” K. M. Poole, BTL,
Murray Hill, N.J.

“An Electron Beam Pattern Generator,” W. R. Samaroo, J.
Raamot, and P. D. Parry, Western Electric, Princeton, N.J.

“A Precision Computer Controlled Step and Repeat Camera,”
J. W. Elek, BTL, Allentown, Pa.

Session 2G
Software for the '70s

Gramercy Suite

Chairman and Organizer: W. R. Beam, Data Plus, Inc., White
Plains, N.Y.

“Operating Systems: Present and Future,” P. Denning, Prince-
ton University, Princeton, N.J.

“The Implementation of Operating Systems,” R. A. Creech,
Burroughs Corp., Pasadena, Calif.

“Time-Sharing and Its Influence on Computer Software,” A. S.
Lett, IBM, Yorktown Heights, N.Y.

“Recent Developments in Programming Languages,” P. Wegner,
Brown University, Providence, R.I.
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Monday Evening, March 23 8:00-10:30

Highlight Session Trianon Ballroom

Planning for Change
Moderator: J. A. Morton, Vice President, BTL
Organizer: D. G. Marquis, Director of Sloan School, MIT

“An Industrial View,” M. Shepherd, Jr., President, Texas
Instruments, Inc.

“A Government View,” The Honorable R. C. Seamans, ]r.,
Secretary of the Air Force

“A University View,” K. S. Pitzer, President, Stanford University

Tuesday Morning, March 24 9:30-12:00

Session 3A Trianon Ballroom

Achieving MOS-Bipolar Compatibility

Chairman and Organizer: R. M. Warner, Jr., Union Carbide,
San Diego, Calif.

“Bipolar-MOS Trade-Offs in Memory Design,” E. Alexander,
BTL, Allentown, Pa.

“Current Directions in MOS-Bipolar Interfacing,” R. H. Craw-
ford, MOSTEK, Dallas, Tex.

“A Bipolar-Compatible MOS Read-Only Memory, R. Goldin,
Union Carbide, San Diego, Calif.

“MOS-Bipolar LSI Memory,” W. R. Raisanen, Motorola,
Phoenix, Ariz.

“Circuit and System Aspects of Variable-Threshold FETs,”
L. J. Ragonese, GE, Syracuse, N.Y.

Session 3D Sutton Ballroom South

What's New In Video Displays

Chairman and Organizer: R. D. Ketchpel, Electro Vision
Industries, Inc., El Segundo, Calif.

“Performance Characteristics of the New Single-Gun-Light
Valve Color TV Video Projector,” W. E. Good and T. True,
GE, Syracuse, N.Y.

“Flat Panel Display,” G. R. Kaelin, Litton Data Systems, Van
Nuys, Calif.

“High Contrast Cathode Ray Tube,” G. Steele, Sigmatron, Inc.,
Santa Barbara, Calif.

“The Lithocon Silicon Storage Tube,” F. P. Heiman, S. R.
Hofstein, and A. Waxman, Princeton Electronic Products,
Princeton Junction, N.J.

Session 3F Murray Hill Suite

Systems Engineering—How Can We Use It Effectively

Organizers: H. Manoogian, Grumman Aerospace Corp., Beth-
page, N.Y. and J. Reitman, Norden Div., United Aircraft Corp.,
Norwalk, Conn.

Moderator: The Honorable R. A. Frosch, Assistant Secretary
of the Navy (R&D)

Panelists: E. Fubini, Consultant, New Canaan, Conn.; H.
Chestnut, GE, Schenectady, N.Y.; R. E. O'Donohue, Defense
Dept. R&E, Washington, D.C.; and J. A. Baird, BTL, Holmdel,
INJE
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This is a job for your service man?

When a fuse blows, does your customer
know enough to change it?

Or does he head right for the phone?

That unnecessary service call costs you
more than you’d like to admit.

For a fraction of that cost, you can put
a Heinemann hydraulic-magnetic circuit
breaker right on your front panel.

With multiple poles, precise ratings,
job-matched time delays, and special
function circuits inside.

And a nice-looking rocker handle
or lighted pushbutton outside.

If the breaker clicks off, your customer
simply clicks it back on.

4599

Does a Heinemann breaker
really cost too much?

If he tries to hold it on against a fault,
it won't let him. (All Heinemann breaker
mechanisms trip free of the handle.)

So he only calls for service when
he needs it.

Your service men aren’t running around
replacing fuses.

And you’'re saving a nice piece
of change.

How’s that for a good deal?

Write us for a copy of Bulletin 3350;

it's yours for the asking. Heinemann
Electric Company, 2680 Brunswick Pike,
Trenton, N.J. 08602.

HEINEMANN
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Session 3G

Interactive Terminals—The Search for Cost and Performance

Gramercy Suite

Chairman and Organizer: J. E. Ward, MIT, Cambridge, Mass.

“Standard Touch-Tone Telephone as an Interactive Computer
Terminal,” F. H. Westervelt and D. B. Smith, University of
Michigan, Ann Arbor

“A Magnetic Tape Device for Use with Teletypewriter Ter-
minals,” I. S. King, Teletype Corp., Skokie, Ill.

“A New Computer Driven Display,” C. K. Megla, Corning Glass
Works, Raleigh, N.C.

“Design Trade-Offs in a Low-Cost Programmable Graphic Dis-
play,” E. W. Pugh, Jr. and J. E. Cunningham, Imlac Corp.,
Waltham, Mass.

Tuesday Afternoon, March 24 2:00-4:30

Session 4A Trianon Ballroom

Integrated Silicon Devices—A Projection Through the '70s
Moderator: J. D. Meindl, Stanford University, Stanford, Calif.
Organizer: J. A. A. Raper, GE, Syracuse, N.Y.

Panelists: R. N. Noyce, Intel Corp., Mountain View, Calif.;
J. S. Kilby, Texas Instruments, Dallas, Texas; E. Blanchette,
Fairchild Semiconductor Div., Mountain View, Calif.; and
W. S. Boyle, BTL, Murray Hill, N.J.

Session 4B Mercury Ballroom

Digital Processing of Analog Signals

Chairman and Organizer: C. M. Rader, MIT Lincoln Lab,
Lexington, Mass.

“A Digital Frequency Synthesizer,” J. Tierney, MIT Lincoln
Lab, Lexington, Mass.

“A Design Technique for Nonrecursive Digital Filters,” L. R.
Rabinar and B. Gold, BTL, Murray Hill, N.]J.

“A Method of Generating Gaussian Random Numbers by Com-
puter,” C. M. Rader, MIT Lincoln Lab, Lexington, Mass.

“Applications of Digital Waveform Processing in Radar,”
H. D. Helms, BTL, Whippany, N.J.

“Digital Filter Building Blocks from LSI Technology,” W. A.
Clapp, RCA, Camden, N.J.

Session 4G
Computer Graphics in Action

Gramercy Suite

Chairman and Organizer: C. Machover, Information Displays,
Inc.,, Mt. Kisco, N.Y.

“Computer Graphics at a Small Diversified Research Center,”
J- B. MacDonald, Western Electric, Princeton, N.J.

“Application of Interactive Graphics at Ford Motor Co.,” G.
Partington, Ford Motor Co., Dearborn, Mich.

“Interactive Display Systems for Management Planning,” T. M.
Albert and W. E. Workman, Westinghouse Elec. Corp., Pitts-
burgh, Pa.

“Use of Computer Graphics in Computer Aided Design of LSI
Equipment,” A. Spitalny, Solid State Data Sciences Corp., Haup-
page, N.Y.

Tuesday Evening, March 24 8:00-10:30

Keynote Session Grand Ballroom

The Emerging '70s
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Moderator: H. H. Heffner, Deputy Director of the Office of
Science and Technology, Executive Office of the President

Organizer: W. O. Fleckenstein, General Manager, Research and
Development, Western Electric Co.

“Materials and Device Technology,” Dr. C. L. Hogan, President,
Fairchild Camera and Instrument Corp.

“Computers,” B. O. Evans, President, Systems Development
Division, IBM

“Communications,” Dr. J. P. Molnar, Executive Vice President,
BTL

“Technology and Society,” The Honorable E. Q. Daddario,
Chairman, Subcommittee on Science Research and Development,
U.S. House of Representatives

Wednesday Morning, March 25 9:30-12:00

Session 5C
Gigabit Digital Circuits

Chairman and Organizer: L. W. Cotten, National Security
Agency, Fort George G. Meade, Md.

“Feedback Current Switching Circuits—General Concepts,” L.
Weiss and K. F. Mathews, IBM, Poughkeepsie, N.Y.

Sutton Ballroom North

“Interconnection of ECL Circuits for Maximum Gate Density,”
C. Garth, Texas Instruments, Dallas, Tex.

“Packaging Aspects of Gigabit Digital Circuits,” W. T. Rhoades,
Hughes Aircraft, Fullerton, Calif.

“A/D and Multiplexers for Hundreds of Megabits,” R. V. Cot-
ton, R. D. Vernot, and J. R. Galbraith, Philco-Ford, Willow
Grove, Pa.

“Ultra High-Speed Digital Array Testing,” J. B. Connolly and
Yohn Cho, Tau-Tron, Lowell, Mass.

Session 5G

The Minicomputer Phenomenon

Gramercy Suite

Chairman and Organizer: L. C. Hobbs, Hobbs Associates, Inc.,
Corona del Mar, Calif.

“System Architecture for Minicomputers,” G. C. Hendrie,
Honeywell, Framingham, Mass.

“The Softwhere and Softwhen of Minicomputers,” D. E. Fer-
guson, Programmatics, Inc., Los Angeles, Calif.

“Peripheral Equipments for Minicomputers,” L. W. Vincent,
Lockheed Electronics Corp., Los Angeles, Calif.

“Advanced Applications for Minicomputers,” W. H. Davidow,
Hewlett-Packard Co., Palo Alto, Calif.

“Impact of Lst on Future Minicomputers,” M. E. Hoff, Jr.,
Intel Corp., Mountain View, Calif.

Wednesday Afternon, March 25 2:00-4:30
Session 6A

Optic-Magnetic-Semiconductor-Memory

Trianon Ballroom

Chairman and Organizer: H. E. D. Scovil, BTL, Murray Hill,
N.J.

“Magnet Memories of the ’70s,” P. A. Harding, Electronic
Memories, Inc., Hawthorne, Calif.

“Semiconductor Memory,” R. Rice, Fairchild Semiconductor
Research, Palo Alto, Calif.

“Disk Files,” A. W. O’Sullivan, Digital Development Corp., San
Diego, Calif.

“Optical Memory,” J. A. Rajchman, RCA, Princeton, N.J.
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The next logical step.

Computer Automated Systems Hardware. C. A.S.H.The
complete hardware /software solution to your systems
problem. Greater versatility for anyone using ICs, MSI, or
LSI. You get hardware, computerized documentation, in-
depth software, wire-wrap service, or any combination of
the four. You also get up to 60% lower cost, higher density
and 30-day turnaround. O All you need is a signal-pin list
and our phone number. Ask for

C.A.S.H. The next logical step
to digital systems design.
Call now 714:835-5466
or write: |
Standard Logic, Inc.
1630 So. Lyon St.
Santa Ana, Calif.
92705
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Session 6B Mercury Ballroom

The Digital Mating Call of Computers and Communications

Chairman and Organizer: V. N. Vaughan, Jr., AT&T, New
York, N.Y.

Panelists: R. Grosch, National Bureau of Standards, Gaithers-
burg, Md.; R. R. Johnson, Burroughs Corp., Detroit, Mich.; J.
D. Keuhler, IBM, Research Triangle Park, N.C.; C. S. Margach,
Addressograph Multigraph, Cleveland, Ohio; T. J. O’Rourke,
Tymeshare Corp., Palo Alto, Calif.; F. D. Reese, Automatic
Labs, Northlake, Ill.; and V. M. Wolontis, BTL, Holmdel, N.]J.

Session 6G Gramercy Suite

Prospects for Timesharing in the '70s

Chairman and Organizer: T. D. Truitt, Prime Information,
Inc., Princeton, N.J.

Panelists: W. R. Beam, Data Plus, Inc., White Plains, N.Y.;
J. I. Elkind, Bolt, Barenek, Newman, Inc., Cambridge, Mass.;
J. P. Collins, Applied Geodata Systems, Cambridge, Mass.; and
R. L. Rosenfeld, Applied Logic Corp., Princeton, N.]J.

Thursday Morning, March 26 9:30-12:00

Session 7A Trianon Ballroom

Integrated Systems—Interconnection Problems
Chairman and Organizer: J. J. Suran, GE, Syracuse, N.Y.

“The Problems and Promises of Micro-Electronic Interconnec-
tion Processes,” A. S. Rose, RCA, Somerville, N.]J.

“Beam Lead Chip Interconnection Systems,” M. P. Eleftherion,
Western Electric, Inc., Princeton, N.J.

“The STD Interconnection System,” J. P. Dietz, GE, Syracuse,
N.Y.

“Flip Chip Interconnection Systems,” L. F. Miller, IBM, Hope-
well Junction, N.Y.

Session 7B Mercury Ballroom

Holography

Chairman and Organizer: W. E. Kock, The Bendix Corp.,
Southfield, Mich.

“Holograms as Recorded Interference Patterns,” W. E. Kock,
The Bendix Corp., Southfield, Mich.

“Holographic Optical Memories for Data Storage,” L. K. Ander-
son, BTL, Murray Hill, N.J.

“Acoustic Holography,” R. M. Mueller, Bendix Research Labs,
Southfield, Mich.

“Validating Credit Cards by Holography,” E. H. Christy, Radi-
ation Lab, Tulane University, New Orleans, La. and K. K.
Sutherlin, ICV California, Inc., San Jose, Calif.

“A Holographic Video Playback System,” W. J. Hannan, RCA,
Princeton, N.J.

Session 7F Murray Hill Suite

Trends In Computer Applications for the '70s
Chairman: J. N. DiMarino, RCA, Cherry Hill, N.J.
Organizer: H. C. Plant, RCA, Cherry Hill, N.J.

“Banking Operations in the Last Three Decades of the 20th
Century,” J. V. Vergari, Federal Reserve Bank of Philadelphia,
Pa.

“The Evolution of Medical Computing—Now a Revolution,” M.
Kessler, Hospital-Shared Computer Center, Towson, Md.

“Computer Communication Cooperation CLEAR,” A. O. Atkinson,
Computer Center for Cincinnati, Ohio
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“Trends in Transportation Computer Application for the ’70s,”
W. P. Ollman, Chicago and North-Western Railway, Chicago,
11l

Thursday Afternoon, March 26 2:00-4:30

Session 8D Sutton Ballroom South

Modern Network Techniques for Device, Circuit, and System
Design
Chairman and Organizer: G. H. Danielson, GE, Syracuse, N.Y.

“State Variables: What Are They and Why Use Them?” T. A.
Bickart, Syracuse University, Syracuse, N.Y.

“State Variables: Modern Computerized Network Analysis,” C.
Pottle, Cornell University, Ithaca, N.Y.

“The Scattering Matrix from DC to Microwave,” H. V. Carlin,
Cornell University, Ithaca, N.Y.

“The Application of Scattering Parameters to High Frequency
Circuit Design,” G. E. Bodway and J. J. Dupre, Hewlett-Packard
Co., Palo Alto, Calif.

Group-Sponsored Meetings
Friday Afternoon, March 27 2:00-4:30

G-Comtech

Advances in Data Communication

Sutton South Ballroom

Chairman and Organizer: K. D. Young, New England Tele-
phone and Telegraph Co., Boston, Mass.

“Yearly Advances in Facsimile Hardware,” K. H. Fischbeck and
D. A. Ross, RCA, Princeton, N. J.

“Yearly Advances in Display Devices,” C. R. Fisher, Eeco,
Santa Ana, Calif.

“Yearly Advances in Print Telegraph Machines,” W. Y. Lang,
Boonton, N. J.

Educational Seminars

March 23-26 8:00-9:30 A.M.

Programming for Industrial Process Computers East Ballroom

An introduction to the problems encountered in programming
computers for real-time control of industrial processes will be
provided. The sessions describe typical system functions and
summarize their distinctive requirements. Special-purpose lan-
guages for particular applications, scanning, alarming, control
operating guides, start-up and shutdown will be discussed.

Characteristics of high-level proprietary problem-oriented
languages—Prospro, Fortran, Biceps, Machine languages and
Decision Table Coding—will be detailed with a current trend
summary.

March 25-26 9:00-5:00

Rhinelander North

This ecight-session seminar is aimed primarily toward design
and systems engineers, many of whom are new to the field, but
eager to use this expanding technology to their best advantage.
Thirteen experts have been brought together to present both
the basic and more advanced concepts required by design en-
gineers who wish to benefit from what has come to be called
“the micro-electronics revolution.” Starting with terminology
and semiconductor fundamentals, the seminar faculty will pro-
gress rapidly toward the latest applied logic-technology, digital
design, optimization methods, and linear amplifier circuit
analysis. Also included are sessions covering the processing and
materials knowledge required by design and product engineers.

Monolithic Integrated Circuits
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do your own thing!

Plug standard I. C.’s into Data-
scan’s new Wrap-X™ card
and interconnect them. Then
to complete the system con-
nect to function cards (eg. to
decimal converters, compara-
tors, shift registers — there
are over 100 DTL, HTL, and
TTL function cards in our line.)

We'll do the job from your schematic or block dia-
gram, complete it with computer-aided design
and automatic wire wrapping — or anywhere in
between.

a AARRRE RS SRR OB YEEBNE SES DY
coesn e we e BB ER en aw

New Wrap-X COncept

is a systems approach to solving your packaging
problems. You save time, money and trouble be-
cause the “X” factor is now part of your system
— without the cost of customizing. Standard, avail-
able, 1.C.’s, plus Datascan Wrap-X cards and func-
tion logic cards are all interconnected to give you
one-company responsibility for completely wired
and tested hardware, at lower installed costs.

Start saving with Wrap-X cards, write for complete information.

Datascan =
1111 Paulison Avenue, Clifton, N. J. 07013

Telephone 201-478-2800

SEE US AT IEEE BOOTH #ZE-51.
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IEEE PRODUCTS

PULSE GENERATORS

Models 151 or 152 pulse generators allow simultaneous setting of
all pulse parameters with a single pushbutton, thereby elimina-
ting costly operator set-up time and improving parameter ac-
curacy and repeatability. These generators automate the time
consuming pulse generator operation without affecting the cost
of easier-to-operate system elements and with no requirement
for peripheral programming equipment. Models 153 and 154
generators feature the same basic pulse generating capabilities
but are programmed by digital information from automatic or
semi-automatic test systems. Characteristics of the pulses gen-
erated by this series meet exacting pulse test requirements.
Repetition rate is 10 to 50 MHz, delay and duration is 10 ns
to 10 ms, pulse amplitude is +10 V with pulse top and base-
line at any level from + to —10 V, and transition times are
variable from 5 ns to 10 ps. All parameters are accurate to
better than 59, of set value. Datapulse Div., Systron-Donner
Corp.

CIRCLE 150 ON INQUIRY CARD

See at Booths 2B11-21

See at Booth 2F06

POWER SUPPLIES

The “L” series, available in five case sizes, provides high ef-
ficiency, high current outputs with full overvoltage and over-
current protection, of particular value to the IC and logic
markets. Units are interchangeable with the earlier series line.
Typical of the rating is a 5.0-5.5 V unit rated at 75 A, packaged
in a rack panel configuration of 314” in height. Standard volt-
ages available in the five case sizes also include 12.5- and 15.5-V
nominal output units. Dynage, Inc.

CIRCLE 151 ON INQUIRY CARD

IC COMPATIBLE REED RELAYS

Packaged in either printer circuit mounting or low-cost in-line
axial leads, these low profile, printed circuit, highly reliable
reel relays, designed for 5 V logic systems, have a typical coil
wattage of 40 mW at 4 dc. Contact combinations available from
stock are SPST-NO and SPDT. The SPST-NO class “101” has
a contact rating of 10 VA at 0.5 A max. or 100 Vdc max. re-
sistive load; the SPDT class “104” has a contact rating of 3 VA
at 025 A max. or 28 Vdc max. resistive load. Typical life for
these relays at full rated load is 5 million operations. Longer
life is probable at reduced loads. Also available are relays de-
signed to operate directly from 2.4 V integrated circuit systems.
Magnecraft Electric Co.

CIRCLE 152 ON INQUIRY CARD
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See at Booth 3E11
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Greatest
Earth

Introducing Delta Data Systems' TeleTerm. The only video
terminal that can display over 100 lines of data on the screen.

Telelerm is a totally new concept in remote computing. Its storage and
display capability of over 100 lines of data puts it a giant step ahead of all other
video terminals. No video display on the market can show as much data.
_?eicia_luse no video display has the up and down paging feature, exclusive with

eleferm.

And 80 characters per line on 27 lines. Formatting that allows fixed and
variable data fields. A blink feature that flashes data on the screen twice per
second. Data transmission speeds to 9600 baud asynchronous, 4 million bits
per second synchronous. A memory capacity of 2500 characters. Plus a
separate numeric pad on the keyboard.

And all that capability is yours in three TeleTerm models. All are desk top
units with keyboard, display, and control electronics in one package. And
they're designed for applications like time-sharing, reservation systems, comm-
munications and information systems, inventory control, process control. Each
TeleTerm model has its own special capability and an unbeatable price, like

TeleTerm 1. $90 amonth. Our Teletype Replacer. That rings a bell when the
64th character on a line is entered. Telelerm's low price and high speed for re-
ceiving and displaying information puts it generations ahead of teletype.

TeleTerm 2. $100a month. Our Block Mode Transfer Display. Has an editing
feature that inserts and deletes lines and characters. Conversation mode. An
adjustable margin with bell and 5 tab positions. And transmission can take
place on a message or page basis.

TeleTerm 3. $120a month. Our IBM 2265 Replacer. The feature presentation
that brings the curtain down on the IBM 2265. Besides having all the charac-
teristics of TeleTerm 2, TeleTerm 3 is completely IBM 2265 compatible.

And all video terminal options include built-in acoustic couplers or modem,
external printer or cassette tape recorder.

Teleferm 1,2, 0r 3. Any- Delta Data Systems Corp.,
way you look at them, they're Woodhaven Industrial Park,

the greatest shows on earth. Cornwells Heights, Pa. 19020
(215)639-9400

[a] Delta Data Systems
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POWER SUPPLIES

A triple output bench type laboratory power supply, the model
TL8-3, features three independent outputs: positive 0 to 8 Vdc
at 3 A, positive 0 to 32 Vdc at 1 A, and negative 0 to 32 Vdc
at 1 A. Other features include automatic current limiting, 0.01%
regulation, and 0.05% stability. Each output has a separate dual
scale ammeter/voltmeter and is independently adjustable from
the front panel. The model M7C5-130 0V is a 0 to 130 A, pre-
cision regulated power supply in a 7-inch panel height. This
unit is of all silicon design and is fully programmable ex-
ternally. It provides provisions for both constant voltage/con-
stant operation and master-slave programming.

Also on display will be a series of power modules providing
three dc outputs and a modular series of power supplies de-
signed specifically for systems and OEM applications. Trygon
Electronics, Inc.
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See at Booths 2B47-49

See af Booth 3B30

DIODE ARRAY

A self-scanned linear array of photo sensors which gives a di-
rectly usable analog sequential signal as an output, the IPL20
array consists of 50 planar diodes each with an amplifier and
gate element integrated onto a single chip of silicon with a
51-bit shift register. The array is totally mounted within a 14"
diameter 40-lead flat pack. The shift register is driven by a
two phase and data clock system and an output video signal
is obtained whose amplitude is proportional to the scanning
rate and light intensity at any point in the array.

Also featured is the IPL 13 light to frequency converter, a
light sensitive integrated circuit in a TO-18 can which will
give electronic pulses with repetition rate proportional to light
intensity. Teknis, Ltd.
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OSCILLOSCOPES

The 7503 is a 90-MHz, three plug-in oscilloscope with a “dual-
trace” vertical amplifier in the main-frame provided by vertical
mode switching which enables the user to simultaneously meas-
ure waveforms with widely different characteristics by electroni-
cally switching between two vertical plug-ins. The vertical mode
chopped and alternate operation, and the modular approach
to plug-in selection, provides for a better match between instru-
ment and application. This flexibility allows an unusual range
and combination of multi-trace, differential, high-gain, current,
and sampling input configurations. The 7000 Series is a full
measurement system presently consisting of 3 mainframes and
14 plug-in units, including 6 amplifiers, 5 time-base units, 2
sampling units, and a dual delay line plug-in unit. Threce
trace-recording cameras, six voltage and current probes, and a
Scope-mobile are all compatible accessories. Tektronix, Inc.
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IT USED TO TAKE GUTS
TO BUY A NOVA.

Sorry, pal.

But if you’re the kind of guy who delights
in sticking his neck out, Nova is no longer
for you.

Used to be.

But that was nearly 400 deliveries ago.

Now, the only kicks you'll get from a
Nova will come from the performance, cost, and
loads of peripherals and software we offer.

Forinstance, you can buy a Novainits
basic 4K configuration with 16-bit word length,
multi-accumulator design, data channel, and
Teletype interface for $7950. Or you can get it
with alot less for a lot less.

Or you can buy a Nova-based system.

Which includes such good things as
read-only memory, compatible mag tape units,
a variety of dises, A/D, D/A, and communica-
tions equipment.

Finally, there’s our software.

And the only thing we have to say about
that is what our customers say: specifically, it
includes all the right things and it’s working in
hundreds of applications.

Still looking for more?

Supernova.

Everything Novais and then some.

Including an add time of 300 nanoseconds
from read-only memory, 800 nanoseconds
from core, making it the fastest mini computer
in the world.

What’s more, Supernova is still
brand new.

Which (we can assume) means it still
takes a certain amount of guts to buy.

Here’s your chance, pal.

Data General Corporation, Southboro,
Mass. 01772 (617) 485-9100

DATA GENERAL

Makers of Nova and Supernova mini computers.
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HIGH PRESSURE BLOWER

This advanced centrifugal blower, designed for packaging with-
in the confines of equipment having a vertical profile of no
more than 134”, provides up to 25 cfm free delivery forced air
cooling. It may also be used for spot cooling against hot com-
ponents at 1700 fpm. Encapsulated stator construction in-
tegrates the electrical portion of the shaded pole motor into
the blower housing to provide a monolithic structure totally
impervious to dust or moisture. Designed with a minimum
depth of only 1944”, the blower can be mounted from the
back, the inlet, or the discharge. Other options include an
inlet ring, duct clamp, outlet guard, and plug and cord as-
sembly. Acoustically, the unit operates at a speech interference
level of 44 dB. Rotron, Inc.
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See af Booths 2E25-35

MULTI-CHANNEL RECORDERS

The model 440 has four, 40-mm channels, two event markers,
and eight pushbutton-controlled chart speeds. It can be used
with equal reliability in laboratory, factory, and field conditions,
and is compatible with all model 4200 and 4300 series signal
conditioners. The unit has a pressurized ink system that utilizes
disposable plastic ink cartridges, and a pen position servo sys-
tem that assures 99149, accuracy. Trace is rectilinear on a chan-
nel span of 50 divisions across 40 mm. Frequency response at
50 divisions is flat within +29%, of full scale from dc to 40 Hz.
The model 480, an 8-channel recorder with performance char-
acteristics similar to the 4-channel unit, has 12 chart speeds
and can be either rack mounted or portable. Brush Instruments
Division, Gould, Inc.
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TEN BINARY BIT D/A CONVERTER

DAC-I series, completely self contained plug-in mini-modular
units measure ohly 2 x 2 x 04” and are available with resolu-
tions up to 12 binary bits or 3 digit BCD. They have an output
current settling time of 40 ns to within 0.05% of full scale. In-
terfacing logic, electronic switches, precision ladder network,
and a temperature compensated voltage reference source with
reference amplifier are incorporated. Digital inputs are compat-
ible with DTL or TTL logic. Full scale output current can be
either bipolar (2.5 mA) or unipolar (5 mA). An output voltage
is available by simply adding an external resistor from the out-
put summing junction to ground.

An ultraminiature dual dc power supply (28 V @ 100 mA
and 14 V @ 140 mA) for powering MOS/LSI integrated cir-
cuits will also be featured. Completely self contained, including
input isolation transformer, the model BPM 14/28 measures
only 2 x 2 x 04”7 (1.6 cubic inches). Datel Systems Corp.

CIRCLE 158 ON INQUIRY CARD

100

See at Booth 3B29

COMPUTER DESIGN /MARCH 1970



Now,

