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ONLY HONEYWELL OFFERS
TOMORROW’S BREED OF I/C COMPUTER...

-’

I/C construction . . . 16-bit word . . . 960 nano-
second speeds . . . strong software support —
unprecedented computer capability in a low cost
compact. And these are only some of the features
that put 3C's two new p-COMP machines in to-
morrow's computer class today.

THE DDP-516, at $25,000, is the most advanced
I/C 16-bit computer now available. Both hardware
and software are already operational. Hardware
includes high-speed multiply and divide (optional),
a 4096-word memory (expandable to 32K), 960 nsec
cycle time. The command repertoire includes 72
instructions with such capabilities as byte manipu-
lation, skip-branch conditioning, and extensive
memory reference and control.

250 field proven programs are available with every
DDP-516 . . . including ASA FORTRAN IV compiler,

...AND THEY’RE BEING DELIVERED TODAY!
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selectable one- or two-pass assembler with a
unique DESECTORIZING loader that lets you ig-
nore memory restrictions. DDP-516 delivery: as
few as 90-days.

THE DDP-416, at $15,000, was engineered for a
price/performance ratio that can't be beat by any
other on-line real-time computer. Hardware fea-
tures include a 4096-word memory (expandable to
16K), 960 nsec cycle time, 1.92 usecs add, with
indirect addressing.

A 30-command repertoire, priority interrupt and
power failure protection are standard. Both the
DDP-516 and the DDP-416 may be mounted in
standard 19” racks. Best of all, if you decide to
get the more powerful DDP-516 in the future, you
can continue to use your DDP-416 programs be-
cause of direct compatibility. DDP-416 delivery:
second quarter of 1967.

Write today for information on both ;-COMP computers.
You can’t go wrong with either one. Honeywell, Com-
puter Control Division, Old Connecticut Path, Fram-
ingham, Massachusetts.

Honeywell

COMPUTER CONTROL
DIVISION
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DECISION
TRO

new
mainframe

core memories

Decision Control’s
proven VersaSTORE
memories are now
available in big new
mainframe sizes — up
to 65 K words in 4 K increments,
with word lengths to 36 or 72 bits.

Same reliable integrated circuit
design with DTL interface.
Same flexible input levels, 3v. to 12v.

Same servoed current drive for
unsurpassed operating margins at
temperature.

Same compact packaging in 19” or
24" rack space.

Remember, standard VersaSTORE
memories — 256 to 4906 words to
24 bits.

New mainframe VersaSTORE
memories — 4 K to 65 K to 72 bits.
For a fact-filled brochure, write to:

DECISION CONTROL, INC.

1590 Monrovia Avenue, Newport Beach, Calif.
Tel. (714) 646-9371 TWX (714) 642-1364
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This
Keyhoard

£

more than
just a Manual
input Device

interface logic problems (strobe, shift
and interlock included)

it eliminates
customer code conversions (built-in
universal encoding)

it provides

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

it prevents
invalid code generation (blocks unused
code keys, automatically)

It minimizes

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

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

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

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

IT'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT
L) L0 L
L] ee oo

CORPORATION
26 Fox Road, Waltham, Mass. 02154
Tel. (617) 899-2380
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1967 INTERNATIONAL
SOLID-STATE CIRCUITS CONFERENCE

Large-scale integration will be the major topic at the 1967 ISSCC. A
brief summary of some scheduled papers and panel discussions is given.

COMPUTER DESIGN INDEX

A four year index to major feature articles that have appeared in Com-
puter Design.

INTEGRATED LOGIC CIRCUITS:
A COMPARATIVE EVALUATION

As an aid in analyzing the basic trade-offs of each logic line, a compara-
tive evaluation of available IC logic circuits is presented in this article.
HARDWARE FEATURES THAT AID PROGRAMMING

A blue sky discussion that explores some possible hardware concepts that

could facilitate certain programming operations.

DEVELOPMENT OF A LOW-COST TUNNEL DIODE

Breakthrough in mass production techniques reduces the price of tunnel
diodes to 50 cents per unit in large volume applications.
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from Raytheon

Data Display Devices
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New Raytheon Recording Storage Tubes
extend your system capabilities

Two new miniature types, new
high resolution tube added to
Raytheon’s broad line.

Raytheon’s wide range of Re-
cording Storage Tubes enable
you to design additional capa-
bility into any system which stores
and transfers electronic informa-
tion. Applications include: scan
conversion, stop motion, integra-
tion for signal-to-noise improve-
ment, time delay or phase shift,
correlation and slow-down video.

4

The new miniature types—Ray-
theon’s CK1516 and CKI518—are
designed for compact packaging,
such as in airborne and space
satellite applications. Both tubes
provide high resolution and erase
capability in a fraction of a sec-
ond. The CK1521 is a new stand-
ard type featuring ultra-high
resolution of 2500 TV lines and
fast erasure in milliseconds.

Raytheon Recording Storage
Tubes are electronic input-output

devices which feature: fast write,
immediate and nondestructive
read, long storage, high resolu-
tion, and fast erase. Information
can be written and stored using
sequential scan techniques or by
random access writing. Erasure
can be complete or selective.
Dual and single gun types are
available.

For more information or demon-
strations, contact your Raytheon
Regional Sales Office.

COMPUTER DESIGN/JANUARY 1967



Raytheon Decade Counter Tubes are
gas-filled, cold-cathode, glow dis-
charge, bi-directional stepping devices,
capable of operation at frequencies up
to 100 kilocycles/sec. They provide both
electrical and visual readout and are
characterized by very long life, low cur-
rent requirements, relatively few exter-
nal components necessary for proper
operation, and low operating tempera-
ture. These characteristics make them
very useful as counters in such applica-
tions as radiation measuring equipment,
timers, programmable counters and
scalers, sorting apparatus, and many
others. In these applications they can
be used as scale-of-ten counters or as
devices capable of operation at any
desired preset scale.

Datavue* End-View Tubes. These tubes
are easily read in high ambient light—do
not wash out like other displays. Errone-
ous readings due to segment failure do
not occur because the characters are
fully formed. Raytheon Datavue End-
View Tubes fit existing sockets and con-
form to EIA ratings. Models include
round (CK8421) and rectangular
(CK8422). All are designed for ultra-
long life—an expectancy of 200,000
hours or more in dynamic operation.

Datavue* Side-View Tubes. New type
CK8650, with numerals close to front,
permits wide-angle viewing. These side-
view, in-line visual readout tubes display
singly numerals 0 through 9 or prese-
lected symbols such as + and — signs.
Their 5/s” high characters are easily read
from a distance of 30 feet. Less than $5
in 500 lots, they also cost less to use
because the bezel and filter assembly
can be eliminated and because their
mating sockets are inexpensive.

New Symbolray* CRT. This new tube
provides alphanumeric inputs for com-
puter readout devices. The tube’s 2” tar-
get can be scanned electronically to
select symbols, characters, and punctu-
ation marks in sequence to form read-
out on a display tube. Designated type
CK1414, this tube provides an economi-
cal method of generating characters for
hard copy print-out or for cathode-ray
display. Designs with 64 or 100 charac-
ters are available.

Send the reader service card for litera-
ture kit containing data sheets and cata-
logs on these products:

Recording Storage Tubes #4

Datastrobe Digital Readout

Subsystem #5

Datavue Numerical Indicator Tubes #6

Cathode Ray Tubes #7

Decade Counter Tubes #38
Or call your nearest Raytheon regional
sales office, or write to Raytheon Com-
pany, Components Division, 141 Spring
Street, Lexington, Massachusetts 02173.
*Trademark of Raytheon Company

Raytheon Components Division—A single source for Transistors/Diodes/Integrated
Circuits/Industrial Tubes/Control Knobs/Panel Hardware/Circuit Modules/Display Devices.
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We kept our promise.

We tripled the memory of a Bryant Series 4000 Disc
File during the three-day FJ.C.C. in San Francisco. Just
as we said we would. Without a clean room. Under

the critical gaze of the thousands who witnessed our
demonstration. You can bet there are a lot more Bryant
Believers today. Write for the full Bryant Computer
Products story, 850 Ladd Rd., Walled Lake, Michigan.
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More than 1000 hours
from d-c to 1.5 MHz

Now try to get that through your head

You can...with a CEC Magnetic
Recording Head.

In fact, considering that these
recording heads last up to five times
longer than any others, the 1000 hour
guarantee seems rather conservative.
In virtually every case,a CEC head will
surpass a thousand hours with little or
no indication of wear.

The reason: CEC recording
heads are of a unique material and solid
metal pole-tip design which completely
eliminates the weakness of conventional
lamination and rotary head designs.

This has resulted in superior per-

formance at frequencies to 2 MHz and
a minimum of wear and cleaning.

There is a CEC head for

every analog and digital recorder.

Whatever make or model recorder
you may now be using, CEC has the
head to make the most of it, irrespec-
tive of the interface parameters. The
“family’’ consists of more than 100 differ-
ent recording heads, a// with the same
design advantages. Consequently, it is
now possible to obtain state-of-the-art
recording without replacing the basic
instrument.

How were we able to achieve this

breakthrough in head design? Through
experience. CEC has not only been
making magnetic recording heads longer
than anyone else, but was the first to
produce them on a quantity basis. And
—because CEC uses precision machine
construction where others rely on hand
assembly.

For complete specifications and all
the facts about this complete line of re-
cording heads, call or write your nearest
CEC field office.

CEC/DATATAPE PRODUCTS

Pasadena, California 91109

¥ BeL:HowELL
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The best new idea in
core memory packaging
is a big one:

...and you can access it in 500 nanoseconds,
full cycle it in 4.5 microseconds.

If you're designing digital systems for
computing, automatic control, data
communications or the like, you'll be glad
to hear we've found a way to make your
life easier. And your equipment more
reliable.

Ampex RF core memories have improved
the whole concept of memory system
packaging. The large PCBA board you see
above, dotted with all-silicon discrete

and integrated circuits, is the nucleus of
this new family of memory systems.

Peak performance and reliability at

8

minimal cost are the major benefits you
receive. MTBF for several sizes of the RF,
for example, exceeds 5000 hours. Main-

tenance is simple on this wide-open PCBA.

The Ampex RF family offers a range of
capacities from 2,000 to 590,000 bits, word
lengths from 4 to 72 bits. Commonality of
the three basic systems minimizes your
training and spares logistics. The RF's
modular packaging brings additional
benefits: compactness—and a capability
for expanding capacity.

The extra plus you receive is speed.
CIRCLE NO. 11 ON INQUIRY CARD

Access time is 500 nanoseconds;
half-cycle, 850 nanoseconds; full cycle,
1.5 microseconds.

All units of the RF family are rack-
mountable. Prices are low. We'll be glad
to send you complete information.

Write Ampex Corporation, 401 Broadway,
Redwood City, California 94063.

AMPEX
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Security is having a module
with a lot of compatible friends.

If you manufacture equipment, and price, delivery and
reliability mean something to you, it's best to stay
loose. Pick modules from a line that gives you options
— 50 you can optimize the design for price, or speed,
or ease of assembly, or something else that you're
worried about.

DIGITAL'S module line is the broadest, most func-
tional, most complete module line anywhere. Inte-
grated circuits, discrete components, hybrids. More

'

than 120 of them. And each is electrically, physically,
and logically compatible with each and every other.

It takes 330 pages of our Digital Logic Handbook to
describe our series of Flip Chip* modules,
details of the logic, and applications. It's
yours for the asking.

=

And here's some added security: each of
our modules is guaranteed for 10 years.

MODULES - COMPUTERS

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




Whatever your Encoder Requirement,
DRC has a product for you in the
right performance and price range.

Dynamics Research Corporation offers the most comprehensive line of digital shaft-angle
encoding devices in a wide range of price-quality grades. The line includes performance-
proven Optisyn and Theodosyn incremental encoders and a

soon-to-be-launched line of whole-number absolute encoders.

The key to sound encoder buying is to obtain
all the operating specifications you require,
but not to buy unnecessary features that
add to cost without contributing to your
system performance. Thus DRC offers
you a choice of three grades of encoders:

Economy
commercial /industrial:

Designed for simplic-
ity and reliability, offer-
ing up to 4096 pulses per
shaft revolution, angle meas-
urements to 2.6 arc min., for use in laboratory,
test area, and non-severe industrial environ-
ments. Standardization and volume production
are the keys to this quality but economy product
grade, represented by DRC-77. (Bulletin DR6-666)

DRC-77 Optical
shaft-angle digitizer

FOR MORE INFORMATION

on any or all of these
encoders, please write or call Dynamics Research
Corporation, Stoneham, Massachusetts.

Telephone: (617) 438-3770.

The Components Department

DYNAMICS
RESEARCH
CORPORATION

38 Montvale Avenue, Stoneham, Massachusetts
Telephone 617-438-3770 e TWX 617-438-0069

Model 28 Optisyn
shaft-angle encoder

High-requirement
commercial /industrial:

Designed for high per-
formance with the versa-
v tility to meet widely-varying
commercial/industrial needs and the environ-
mental capabilities and reliability to satisfy many
cost-conscious military users. Resolution goes up
to 10,000 pulses per shaft revolution, for meas-
urements to +1 arc min. Packages range from
Size 28 down to Size 11 (1.1” case diameter).
Standardization, advanced tooling, and computer-
controlled disc pattern-generation provide extra
value in this middle-priced line. (Bulletin DR5-666)

Model 35 Encoders

Advanced
military /aerospace:

This is the state-of-the-art area

of ultra-precise, maximume-reliability

encoders, and digital tachometers, where

DRC has made continuing contributions. Over
1,000,000 pulses per shaft revolution can be
generated for measurements approaching 1 arc
second. Man-rated devices in unique physical
configurations, for demanding operating environ-
ments, and in few-of-a-kind quantities are com-
mon here and have led DRC to develop the most
advanced encoder design, production, and test-
ing facilities available. (Bulletin DR8-866)

CIRCLE NO. 13 ON INQUIRY CARD
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The 45-pound* Potter PT-5000 militarized perforated tape reader

MIBF
MITR

Potter tape reader features subassem-
blies that are completely interchange-
able and can be maintained with a
screwdriver. Can be completely dis-
mantled in 20 minutes.
The Potter PT-5000 militarized perfo-
rated tape reader —dual-speed operation,
250/500 characters-per-second from
—25°F to +135°F, built to stringent high
reliability specs, featuring complete inter-
changeability of subassemblies without
adjustments and built-in diagnostic test
exercises and indicators. A high-reliability
unit modularly constructed providing for
malfunction isolation without the need for
special tools or test equipment of any
kind. Built to ABMA standards.

Send coupon today for all the details.

*18”W x 9”H x 8D

Completely dismantled in 20 minutes

P

1

i

1 COMPANY, INC.

: 151 Sunnyside Blvd.
! enTco.inc.® Plainview, N. Y. 11803
1 (516) 681-3200 - TWX (510) 221-1852 « Cable PICO
1 In Europe: McGraw-Hill House, Shoppenhangers
: Road, Maidenhead, Berkshire, England,
i Maidenhead 20361

y Please rush me complete facts on the Potter
: PT-5000 perforated tape reader.
1
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1
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Name

Title

Company

Address
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CD READERS' FORUM

LOGIC SYMBOLS STANDARDS -
A Statement from the Editors of COMPUTER DESIGN

The interest of Computer Design
in logic symbology has dated from
the early days of our existence. In
July, 1964, we published a lengthy
article on the “Military Standards,
Graphic Symbols for Logic Dia-
grams,” MIL-STD-806B, then only
two years old. In May, 1965, we
published extracts from the dual
ASA standard “Graphic Symbols
for Logic Diagrams,” ASA Y32.14.
At that time, we made the point
that no standard was generally ac-
cepted or in widespread use, and
comments were invited from the
readership.

In September, 1965, the CD Read-
ers’ Forum was established as a de-
partment of the magazine, with the
logic symbology controversy as its
first topic of discussion. CD went
on record as agreeing that a uni-
versal standard is necessary and
desirable for our dynamic industry,
and offered its services in the effort
towards getting a standard univer-
sally accepted. Comments, opinions,
and enlightening information were
invited. Comments, opinions, and
enlightening information were re-
ceived, and this month we review
the activity to-date.

SUMMARY OF RESPONSES

Of the opinions received from
CD readers, 64% unequivocally
favored the universal adoption of
MIL-STD-806B, and another 14%
expressed the opinion that either
806B or the ASA standard would
suffice, so long as standardization
was achieved. One reader, on the
other hand, voted to do away with
all logic symbols. Some facts about
the sample of readers who re-
sponded should be noted: no manu-
facturer of digital logic modules
was represented; with the excep-
tion of IBM and RCA, the computer

12

manufacturers were also not repre-
sented; military contractors and gov-
ernment installations were heavily
represented.  Selected comments

from the Forum response follow.

® No respondent disputed the need
for a universally-accepted standard.

® The following arguments were
advanced for the adoption of 806B:

1. 806B is required on military
contracts; it is therefore certain to
receive some use, and a rival stan-
dard would have to be greatly
superior to justify retaining both
standards within the same com-
pany, and changing between mili-
tary and non-military contracts.

2. Y34.14 is not superior to 806B
in any important respect; a U.S.
Air Force study showed 806B to be
superior at the level where most
labor dollars are consumed.

3. 806B represents, in a straight-
forward manner, electrical logic and
circuit functions, and is therefore
useful to manufacturing and field
personnel. Y32.14 introduces math-
ematical logic, with its associated
complexities, but makes no contri-
bution to the prime users of the
diagram.

4. Drawings conforming to 806B
pass easily and unchanged from en-
gineering through production and
publications.

5. The open right triangle in the
ASA standard can be easily and ac-
cidentally changed to a filled right
triangle.

® B806B has been adopted as a cor-
porate standard or is in general use
by at least fourteen companies, in-
cluding RCA, Sanders, G. E., T. I,
Signetics, Fairchild, EECO, and Sierra
Research.

Sy Yy
& dp ¢
Yt

Fig. 1. These 12 different methods of repre-
senting an OR or NOR function were taken
from brochures put out by 30 manufacturers
of digital modules or integrated logic circuits.

® A variant of the uniform-shape
set of Y32.14 has been adopted as
the standard throughout IBM. Their
stated reasons and precepts are as
follows:

1. Rectangular blocks with inter-
nal mnemonic labelling are easier
to handle for various drafting and
presentation techniques; they are
easily recognizable, easily recalled,
and lend themselves to compact
diagram structure; they are espe-
cially suited to the requirements of
automation in the production of
machine-printed diagrams.

2. Utility by the man who services
the equipment is the most important
factor. The IBM version of Y32.14
produces a logic diagram which can
be used and understood by the field
maintenance man without an inti-
mate knowledge of the circuitry of
which the blocks are comprised.

3. The standard provides a rigor-
ous relationship between voltage
level and function.

® |BM has had considerable success
in getting their standard accepted
on military contracts, because, ap-
parently the government has ac-
cepted non-MIL drawings rather

COMPUTER DESIGN/JANUARY 1967



than pay the price of conversion
to MIL-STD.

® As more functional elements are
integrally packaged (e.g., on an IC
chip), the meaningfulness of logic
diagrams on a Boolean element
level will decrease; a case can thus
be made for the demise of the logic
diagram as we now know it.

e CDC, Univac, and Buships are
also understood to be using the
ASA standard.

SURVEY RESULTS

A CD survey of the literature pub-
lished on 35 lines of digital modules
and circuits by 30 different manu-
facturers yielded the following data.

e Of 16 manufacturers of discrete-
component logic cards, not one uses
a “standard” method of logic sym-
bology representation.

e Of 9 manufacturers of IC logic
cards, two use 806B representation,
one uses no symbology, the rest
use some non-standard convention.

e Of 10 manufacturers of inte-
grated logic circuits, eight use 806B
representation.

The extent to which non-standard-
ization creates chaos among logic
diagrams can be seen in Fig. 1,
which shows, as an example, twelve
different methods which were used
in 35 brochures (from the above
module and circuit manufacturers)
to represent an OR or NOR function.
Clearly any reasonable standard is

superior to this.

WHERE DO WE GO FROM HERE?

Technically, there appears to be no
reason why either 806B or Y32.14
would not make an adequate stan-
dard if universally adopted. Con-
versely, there is no real technical or
economic reason for choosing one
over the other. This also indicates
that no third standard could be con-
cocted which would be demon-
strably superior to both 806B and
Y32.14, and thus achieve universal
acceptance. We have, therefore,
in the abstract, a coin-toss choice
between the two standards.

But we do not operate in the
abstract, and a standard will not

_—HIGH-SPEED PRINTERS

Shel::c.rc[

Pioneers in the design and fabrication of High-Speed Printers since 1950.
The development of patented unique features, combined with computer tech-
nical experience, enables Shepard to offer one of the finest High-Speed Print-
ers available. Proven installations for commercial and military systems such
asdPOL:\RIS MINUTEMAN, and MOBIDIC confirm the reliability of Shep-
ard units

The above illustrated Shepard Model 400 provides up to 200 characters per
print line; and it, together with other standard models shown below, have
printing speeds of up to 2,400 lines per minute — Data logging as well as com-
puter printout — Extremely low RFI factor — Mounting for office, test bench,
and rack — Life guarantee for hammers and print wheels.

Application limited only to your imagination. Whatever your needs may be
for High-Speed Printers, consult our staff of qualified personnel.

COMMUNICATIONS
TERMINAL
PRINTER 990

* “Shepard"” and “Minityper’’ are trademarks of Shepard Laboratories, Inc.

RACK MOUNTED
“MINITYPER"* 848

DRAWER MOUNTED STRIP PRINTER
“MINITYPER'* 824 SHEPARD* 802

480 MORRIS AVENUE
SUMMIT, NEW JERSEY 07901
201-273-5255

SHEPARD LABORATORIES, INC.
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TORSIONAL DELAY

=i BI'POLAR

In a word, LFE
for glass and magnetostrictive
delay lines for digital applications

These are just a sampling of the
performance features of LFE’s glass

and magnetostrictive delay lines. We can
supply you with standard delay lines or
serial memories with the capacity, bit

rate, mode, delay and other parameters you
need . .. or, you can specify custom delay
lines, with or without associated electronics,
to meet your special design requirements.

For the complete story write for technical data.

ALk hmumes

EEE FELECTRONICS DIVISION

Laboratory For Electronics, Inc.
WALTHAM, MASSACHUSETTS 02154
Tel: 617-894-6600 « TWX: 710-324-0681
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be established through open de-
bate, by secret ballot, or by the
toss of a coin by the president of
the IEEE (or the editor of Computer
Design). A standard will probably
come to be in general use through
economic pressure somewhat simi-
lar to the magnetic tape standards
of 200/556/800 bpi with 3/4-inch
gaps.

Based on the response to this
Forum to date, one could conclude
that 806B is evolving as the de facto
logic symbol standard. But we have
yet to hear from many of the major
computer manufacturers, all of the
smaller computer manufacturers, the
logic suppliers, and the peripheral
equipment companies. With the
single exception of IBM’s Mr. Boden,
we have yet to hear from those who
strongly advocate the ASA standard.
(One might conclude from this that
there are few such advocates, or
that they either lack the courage
of their convictions or are unable
to present a convincing case for
Y32.14.) We recognize that the
contest between Y32.14 and 806B
has become an emotional one in
some quarters, personalities have
become involved, and political
cliques have formed. We deplore
this as unprofessional, unwise, and
deleterious to the efficient practice
of the digital art, and we shall not
be a part of it. Computer Design
advocates only one thing: that there
be a generally-accepted standard
for logic symbology. We have no
preconceived bias towards either
806B or Y32.14. Neither is per-
fect, but from them will come the
standard.

Ideally, a compromise between
the two standards might be indi-
cated, but the basic and apparently
irreconcilable matter of the right
triangle vs the circle presently pre-
vents such a compromise. We offer
the pages of the CD Readers’ Forum
for the presentation of further opin-
ions, statements of policy by com-
panies who have not yet been
heard, and constructive suggestions
for resolving the 806B vs Y32.14
conflict and developing a true stan-
dard. Our editorial staff will solicit
the views of key men in the indus-
try, and we offer our presence to
any gathering of persons devoted
to resolving the problem. Let us
put this facet of our professional
house in order.
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Winchester: the word for pc connectors.

Winchester Electronics offers printed circuit connectors for every
application: card edge, right angle, board center, two-piece, NAS,
wire wrap, flexible cable, crimp-removable contact, test points, Mil
Spec (including MIL C 21097), microminiature and many more.
All assure you quality, reliability and economy. Get the word on
printed circuit connectors today: Write: Winchester Electronics,

Main Street & Hlillside

Ave., Oakville, Conn. :

"WINCHESTER ELECTRONICS

d DIVISION OF LITTON INDUSTRIES

Ll



DIAGNOSTIC PROGRAMS:
GREAT EXPECTATIONS?

JOHN E. THRON

Once its measure is taken in an actual test or main-
tenance environment, a computer-system test pro-
gram all too often falls far short of the expectations of
both the program designer and test or maintenance
technician. Why? Generally, because the expecta-
tions are unredlistic. This is nearly always true with
computer diagnostic programs, where expectations
are based on an oversimplified view of the diagnos-
tic process, in which the impossible is looked upon
as an objective to be somehow approximated. Both
user and designer set their goals on the unattain-
able, and inevitable shortcomings of a program are
innocently obscured by the designer. Thus, a pro-
gram becomes an unpredictable tool, and its value
is thereby far more limited than either designer or
user expected it to be.

The development of economically justifiable di-
agnostic programs depends upon a redlistic defini-
tion of each program's function within the over-all
test or maintenance procedure. This definition must
be thoroughly understood by both the designer and
user. Redlistically, there are three major functions
that might be programmed in the test and mainte-
nance procedure: (1) exhibition of symptoms, (2)
detection of failure, and (3) isolation of faulty com-
ponent. Let's look at these one at a time.

Not Every Symptom Can Be Programmed

Although a computer system exhibits the symptoms
of its own failings, it cannot be programmed to ex-
hibit all those failings it may possibly have. The
number of discrete states a computer system may

The author of this month’s CD Commentary, John E.
Thron, is a stalf engineer at Honeywell's Computer
Control Division. He is responsible for computer sys-
tems design.
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commentary

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

assume is staggering; the number of sequences of
such states is infinite. Yet a fault may occur only
within one sequence of states. Although it is ad-
vantageous to exhibit symptoms under controlled
conditions, it is unrealistic to expect that, should
any system exhibit the symptom of a failure, the
diagnostic program should exhibit some symptom
of the failure. There are going to be failure situa-
tions in which the repair technician is on his own.

Failure To Detect

The detection of failure, i.e., the recognition of symp-
toms as symptoms, is quite different from their ex-
hibition. And detection is surely a function that
cannot be entirely programmed, if only because
the symptoms themselves are not available to the
program. For example, a missing ink ribbon in a
line printer is a fault whose symptoms may be
easily exhibited under program control, but are not
available for programmed test — at least in a nor-
mal computer system. Again, impermissible varia-
tions in basic computer clock frequency can usually
be exhibited, but not detected, by program.

Thus, even assuming that the symptoms of a fault
can be exhibited under controlled conditions, it is
unreasonable to expect that diagnostic programs
should, in all cases, detect the presence of a fault.
An exchange of information between technician and
computer program is a necessity at this stage.

Isolating The Fault

Even if symptoms are exhibited and failures are
detected, it still isn't easy to identify a faulty system
component through programmed analysis. Although
fault identification is the analytical process which
presumably characterizes the diagnostic program,
there are fundamental limitations to the program
that reduce the probability of achieving this goal.
For one thing, several replaceable components may
be logically indistinguishable. Their functions may
have to do with pure power amplification, transient
storage, interconnection, etc. In such cases, isola-
tion must be performed by trial replacement. Also,
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Does your present custom
power supply give you...

70% to 90%
efficiency?

‘?

Instant fault repair
by plug-in module
replacement?

‘?

Add-on power capa-
bility by using more
modules?

‘?

Ability to handle full
load steps while
maintaining out put
inregulation
band?

4

New Omnimod does!

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

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

Output can be regulated between + 2 and 4+ 60 dc at
up to 20 amperes using the OMNIMOD family of mod-
ules WITHOUT MODIFICATION OR ADJUSTMENT.
Higher current ratings are obtained by paralleling power
control modules.
Any number of power controller modules can be con-
trolled by one amplifier. OMNIMOD has a current lim-
iting parameter, over voltage protection, voltage se-
quencing, and remote sensing.
To design a custom power supply, one must simply

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

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

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

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

Omnimod power control module.

Omnimod control amplifier.

7 CONTEMPORARY
ﬁ ELECTRONICS

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY
4838 West 35th Street, St. Louis Park, Minnesota 55416 <+ 612/920-6444
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]WL same MicroVersa LOGIC
ijVI. same performahce

i.iVl. same reliability

]_JVI. from Decision Control

]_JVI. now costs. ..

We've reduced MicroVersaLOGIC prices sharply,
thanks to lower microcircuit prices.

Get the same reliable performance—same
proven DTL circuits—5 v. logic levels—plenty of
output drive—single power supply—

complete mounting hardware available.

If you're building a digital system, build it with
MicroVersaLOGIC and really save time

and money. We'll show you how—in our uVL
applications brochure. Send for it today.

*average module price reduction

(dCI) DECISION CONTROL, INC.

1590 Monrovia Avenue, Newport Beach. California
Tel. (714) 646-9371 « TWX (714) 642-1364
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a necessary step in the diagnostic process may re-
sult in loss of programmed control of the system,
producing unpredictable, spurious diagnoses, or at
least prematurely terminating the test.

But a more serious problem exists: the diagnostic
program must cope with improper variations in the
quantity, as well as quality, of components. This
problem, most frequently found in the manufac-
turing test environment, persists in some degree
throughout the life of a complex system. It follows
that neither the equipment tested, nor the pro-
grammed equipment being used as a tool, is a
known quantity. A single wire, installed where it
should not be, may affect only an obscure sequence
of computer states, appearing in one use of one
computer system. Yet the diagnostic anticipation
of the effects of all possible “extra’” wires is im-
possible.

Precise Definition Of Tasks

Obviously, none of the three major functions in the
test and maintenance procedure can categorically
be assigned to the diagnostic program. Instead,
although it is a complicated task, the exact func-
tions such a program is to perform have to be
specified. It must be determined which functions
must be program-assisted, and which will benefit
the user. The expected limitations, as well as the
skills of the user, must be determined, too. His un-
derstanding may set the upper limit on justifiable
programming effort.

False expectations of designer and users are the
price paid for failure to define precisely the selected,
limited tasks of programs designed for use in the
test and maintenance procedure. Don't set your
sights higher than they should be, and you won't
be disappointed.

CALL FOR PAPERS — 1967 FJCC

A call for papers has been issued by the Program
Committee of the 1967 Fall Joint Computer Con-
ference to be held Nov. 14-16 at the new Ana-
heim Convention Center, Anaheim, Cal. Harry
T. Larson, Technical Program Committee Chair-
man, is requesting papers covering significant
advances in any aspect of the information pro-
cessing field, including hardware, software, sys-
tems, applications, and analog/hybrid systems.
Mr. Larson also added that a $500 prize will be
awarded by the American Federation for In-
formation Processing Societies, the sponsor of
FJCC, for the best paper presented at the con-
ference. Deadline for papers is April 17, 1967.
A complete manuscript is requested in addition
to a 100-word abstract. Five copies should be
sent to Mr. Larson, 1967 FJCC, P.O. Box 457,
Costa Mesa, Cal. 92627
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Never before could you get
up to 64"w.g. pressure...froma

single stage blower...

(RE 0.0002 MICRO BAR)

STATIC PRESSURE, AP, INCHES OF WATER

SOUND PRESSURE LEVEL - DB

30
AIR VOLUME - CFM

300 600 1200
600 1200 2400

OCTAVE BAND - CPS

s

You can now—from the new Diehl Series 925 vortex blower.

For the first time it is possible to get
high pressure or vacuum air delivery
in a single stage blower at low rpm.
Getting this performance from a single
stage instead of two or more means:
less weight, less bulk, lower cost, lower
noise, longer life and easier servicing.
The blower that offers these advantages
is the new Series 925 Diehl Vortex
Blower.

In this blower the air is made to flow
in a forced ring vortex, leaving and re-
entering the impeller several times dur-
ing the course of a single rotation. Its
high performance is achieved at low
rpm without positive displacement of

the air, thus insuring long life. Noise
levels are generally below the N.C. 65
curve through resonant sound absorb-
ers which permit direct inlet and outlet
of air from the unit. The open finned
motor is self cooled by forced convec-
tion. Throughout its design this vortex
blower has a minimum of working parts
to assure reliability. For applications of
up to 34” of head of water the Series
915 Diehl Vortex Blower should be
considered.

Clip the attached coupon for a copy
of Diehl’'s new 8-page Bulletin 514
which describes both the 925 and 915
bleswers.
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SINGER

INDUSTRIAL CONTROLS
DIEHL DIVISION
Finderne Avenue, Somerville, N. J. 08876
(201) 725-2200
[ Please send a copy of

Bulletin 514.
[ Please have a salesman call.

NAME

COMPANY

ADDRESS

CITY

D-122

STATE ZIpP
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DC OUTPUT %

The Federal Communications Commission has started
a public inquiry into the regulatory and policy ques-
tions raised by the growing interdependence of com-
puter services and communications services of common
carriers. FCC is seeking answers to a number of policy
and regulatory questions which come under its authori-
ty. Specifically, FCC wants to know whether legisla-
tion is needed for government regulation of computer
service or is required to protect the privacy and pro-
prietary nature of data; if, and under what respect,
public policy requires regulation of computer services
or whether those services will evolve better in a free,
competitive market; if the services and facilities offered
by communications common carriers are compatible
with present and anticipated communication require-
ments of computer usage; and what measures are
being taken by the computer industry and communi-
cations common carriers to protect the privacy and
proprietary nature of data stored in computers and
transmitted over communications facilities.

N NN NS EEENDENEEEEEEEE

A National Data Center to be responsible for assem-
bling in a single facility all large-scale systematic
bodies of demographic economic, and social data gen-
erated by the data collection or administrative process-
es of the Federal Government has been urged by a
Bureau of Budget task force. The task force made it
clear that even with a National Data Center it is ob-
vious that every policy agency, as well as many ad-
ministrative units, will require analytical capabilities
for program planning and program evaluation.
But, they add, current technologies, including distant
consoles connected with a central computer facility by
telephone links, make compatible decentralized use of
data for analytical purposes with highly centralized
data storage and processing.

Japanese buyers have a strong interest in U. S. ad-
vanced electronic equipment, reports an export mar-

20

from our man in Washington

ket survey of the Commerce Department. The survey
shows a heavy demand for industrial instrumentation,
especially automation and process control equipment
tied into digital and analog computers. Reliability and
multi-function capability are stressed, with emphasis
on solid-state and non-contact devices. Instruments
with high sales potential include those capable of
monitoring steady value control as well as propor-
tional and variable control.
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Small businessmen will profit from efforts of the Senate
Select Committee on Small Business to spread infor-
mation on how they might use EDP. The Senate group
is working with the Small Business Administration on
a program for small businessmen in the use of com-
puters as tools to improve management. These activi-
ties are expected to result in a SBA handbook, accom-
panied by seminars and other aids, to provide guidance
to small business on the subject.

Recent Government Contracts ssssssssssssssssnsscnsnans

SYSTEM DEVELOPMENT CORP. Santa Monica, Cal.,
received a $2,000,000 increment to a previously-awarded
contract for the procurement of satellite control computer
systems. The Headquarters, Air Force Satellite Control
Facility, L. A., Cal., is issuing the contract.

LEAR SIEGLER, INC., Grand Rapids, Mich., has been
awarded a $3,528,183 fixed-price contract for loft bomb
computer systems. The Naval Air Systems Command is
issuing the contract following competition in which two
bids were received.

LITTON INDUSTRIES, INC., Guidance and Control Sys-
tems Division, Woodland Hills, Cal., has been selected
by NASA for negotiations on a contract for the design,
fabrication, and checkout of the data automation sub-
system (DAS) for the unmanned Mariner flights to Mars
in 1969. Total value of the work on the subsystem is
estimated at $3 million.
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Memory core testers bought more on price than performance are a lot like white elephants. Nice to look at, may-
be. But darn expensive to have around. They have a nasty habit of letting bad cores slip by every now and then.
And one bad core on the loose in a plane or stack spells high cost trouble. This kind of hit and miss testing
never happens with CTC systems. They deliver driving pulses with unmatched precision and controllability; de-

tect and measure core response with the kind of accuracy that weeds out even the borderline baddies. oWhite

elephants are the big reason you can't afford cheap core testers. You never really stop paying [
i

for them. With CTC memory core test systems you COMPUTER TEST CORPODRATION

pay just once. And in the long run that's peanuts. Cherry Hill, New Jersey

a
white
elephant
is just
a trunkjul
of bad cores




Why the most
readable readouts
have a new
lens system.

SERIES 120
3/4 ACTUAL SIZE

We’ve just designed a totally new lens system
for our miniature rear-projection readouts,
the Series 120 and the Series 220 (front
plug-in model). Since we already had the
most readable readouts made —even with the
old lens system —why all the effort?

Frankly, the most important thing we (or
any other readout manufacturer) have to sell
is readability. That’'s why we keep on work-
ing to make the best just a little bit better.
This time it really paid off. Our new lens sys-
tem delivers a significant increase in charac-
ter sharpness and a 50% increase in bright-
ness! Here’s what we did:

3831 1HHR
000 b

oLD NEW

First we squared our circular lenses. That
gives us greater usable lens area for a two-
fold effect: the new larger lenses collect more
light; magnification required is reduced. Both
factors increase brightness and sharpness.
FILM
o R g o2 |

oLD NEW

Second, we split the old single condenser lens
and made a lens-film-lens sandwich. The old
lens refracted light rays toward the projection
lens before the rays passed through the film.
Of necessity, the lens had steep curvature
which limited the usable size of film. The new
split-lens condenser refracts light in two
stages: before it passes through film and after.
By comparison, the new lenses are practically
flat, permitting use of larger film and reducing
aberration associated with thick lenses. The
effect builds up: larger film means less magni-
fication which in turn means greater brightness
and sharpness.

So that’s why the most readable readouts
have their new lens system. Frankly, this new
lens system may not seem earthshaking to
you, unless you happen to be using readouts.
In any case, send us your inquiry. We'll give
you the reading on readability!

INDUSTRIAL ELECTRONIC
ENGINEERS, INC.

7720 LEMONA AVENUE, VAN NUYS, CALIFORNIA
PHONE: (213) 787-0311 TWX: (910) 495-1707
© 1966 IEE Representatives in Principal Cities
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"THE SPRAWLING TEXTILE IN-
DUSTRY HAS SAMPLED THE IM-
PACT OF THE COMPUTER REVO-
LUTION and is taking an
active part init." "Process
computer automation is re=-
ceiving the direct atten-
tion of textile companies."
These statements were made
during the recent Southern
Textile Show by R. C. Ber-
endsen, Manager of General
Electric Company's Process
Computer Business Section,

Phoenix, Ariz. "The na-
tion's textile industry,
like other basic indus-

tries, is experiencing rap-
id technological change and
growth, and has many oppor-
tunities to make economical
use of the process comput-
er," he said. "The industry
is changing physically from
thousands of small, highly-
specialized companies to a
number of large companies.
Although there are many tex-
tile firms in operation to-
day, the market share of
the 10 largest has climbed
dramatically in the 1last
decade," he added. Berend-
sen listed several reasons
why he believes that the
technological revolution is
having an impact in tex-
tiles. For example, teams
of professional managers
are entering the textile
industry in increasing num-
bers and are bringing with
them management techniques
developed in highly-auto-
mated industries. "Research
and development turn ideas
into radically-new products
whose manufacture often re-
quires new plants and pro-
cesses, which in turn offers

INDUSTRY NEWS

management new opportuni-
ties to design the new
mills around various con-
trol mechanisms and instru-
mentation tied into process
computers such as the GE/PAC
4000 line," he said. He
named the areas in which GE
process computers can make
substantial contributions
to the industry's efficien-
cy and profits: regulating
and timing process condi-
tions on the batch dyeing
(dye beck) machine and the
finishing (range) machine ;
production accounting and
malfunction analysis in
weaverooms and fiber spin-
ning plants; dope prepara-
tion or chemical recovery
systems; color control for
synthetic fibers; monitor-
ing and tensile testing of
yarn; non-woven fabric man-
ufacturing; waste reduction
in pattern-cutting; pattern

scaling; and production
scheduling.

WESTERN UNION ANNOUNCED
THAT . I\ HAS' . PLACED  -A
$500,000 ORDER FOR 80 HIGH-
SPEED DATA TRANSMISSION

TERMINALS WITH THE TALLY
CORP. The equipment will
be incorporated into the
communications company's
broadband service for do-
mestic and international
data transmission, and will
be leased directly to sub-
scribers. The Tally Sys=
tem 311 transmits and re-
ceives computer-ready data
at speeds up to 1,200 words-
per-minute and provides
fully-automatic error de-
tection and retransmission
of corrected data.
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Each card uniquely
keyed for proper instal-
lation.

Test points.

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

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

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

Four pins reserved for
ground lines.

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

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

All components clearly
identified.

Individual power line
filters.

Actual size 44 x 4% .

all at the same
low integrated-circuit price.

We designed these modules for our new Slgma compu ers, o g
but we also intend to become the largest manufacturer of
logic modules for system designers. /

We don’t want to give away any of our Sigma secrets. ;
. Scientific Data Systems,
But we'll sell them pretty cheap. , 4 Santa Monica, California
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THE WORLD'S LARGEST FILE OF
PUBLIC OPINION DATA, COVER-
ING NEARLY 400 MILLION AN-
SWERS TO QUESTIONS ASKED IN
POLLS SINCE 1936, WILL BE
MEMORIZED FOR INSTANT RE-
CALL by a high-speed com-
puter at the Roper Public
Opinion Research Center at
Williams College. Within
the year, the computer will
be linked experimentally by
telephone line with 3 other
academic institutions, giv-
ing scholars at widely sepa-
rated locations direct ac-
cess to ‘a . fund. of “sSocial
science information. The
computer, an RCA 301, was
donated to the Roper Public
Opinion Research Center by
the Radio Corporation of
America, whose President,
Robert W. Sarnoff, called
the project "a dramatic il-
lustration of the immense
versatility of computers in
providing entirely new ser-
vices of social, economic,
and political importance."

A SECOND-SOURCE AGREEMENT
COVERING THE PRODUCTION OF
TTL INTEGRATED CIRCUITS HAS
BEEN ENTERED INTO BETWEEN
MOTOROLA AND SYLVANIA ELEC-
TRIC PRODUCTS, INC. Accord-
ing to S. L. Levy (Asst. Gen-
eral Manager), Integrated
Circuits, Motorola's Semi-
conductor Products Division
plans to manufacture and
make available TTL inte-
grated circuits equivalent
to and interchangeable with
the Sylvania SUHL family,
and for this purpose will be
licensed under applicable
Sylvania patents. According
to A. B. Phillips, General
Manager for Sylvania's in-
tegrated circuits, the
agreement was based on the
mutual recognition by both
companies of the rapidly
growing military and com-
mercial markets for these
TTL integrated circuits.
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THE NATIONAL LIBRARY OF
MEDICINE HAS AWARDED THE
AUERBACH CORP. A CONTRACT
TO DEVELOP SYSTEMS SPECI-
FICATIONS FOR IMPROVING AND
EXPANDING THE MEDLARS SYS-
TEM, known as the Medical
Literature Analysis and Re-
trieval System. The MEDLARS
system provides computer-
ized bibliographic control
over the world's medical
literature. Over 175,000
articles are indexed and

entered into the system an-

nually. The MEDLARS system
compiles and typesets auto-
matically Index Medicus, a

monthly index to current
medical literature. In ad-
dition, users throughout

the world are provided with
computer-generated bibli-
ographies on demand. The
Auerbach contract will in-
volve the examination of new
areas of application for the
computer. Of key importance
is the mechanization of card
catalog and serial record;
on-line indexing and cita-
tion input; a special drug
information module; and
graphic image retrieval.
In addition, a key aspect of
the Auerbach effort will be
a careful analysis of the
requirements for further
decentralization of MEDLARS
search centers.

A CORNELL UNIVERSITY PRO-
FESSOR CLAIMS TO HAVE SOLVED
A PROBLEM THAT HAS PERPLEXED
THE COMPUTER INDUSTRY: HOW
TO KEEP AN INFORMATION TAPE
WOUND AND FLAT AT THE SAME
TIME. After several years
study in conjunction with
engineers from IBM, Harry
D. Conway, professor of
theoretical and applied me-
chanics at Cornell's Col-
lege of Engineering, re-
ports an answer to the prob-
lem. In order to make a
wound tape flat, make an un-
wound tape uneven. Where,
and how, and exactly to what
extent the tape should be
made uneven is the subject
of a scholarly paper pre-
pared by Conway and two IBM
engineers, Wayne E. Nickola

and Keith A. Farnham of the
firm's Systems Development
Division in Endicott. The
problem is one most people
would think doesn't exist
even after their attention
is drawn to it. Take any
roll of tape and one glance
is sufficient proof that the
width across the tape is a
perfectly flat surface as it
is wrapped around a perfect-
1y round core. It's not so.
The instant the flat tape is
wound around the core the
apparent flat width becomes
dished. Need proof? Conway
suggests this: take any
long flat eraser and bend it
in a semi-circle. The out-
side, that is the convex
length of the eraser, be-
comes concave or dished
across its width. This ex-
periment magnifies what oc-
curs on the super-thin in-
formation tapes in complex
computers.

The phenomenon causes a
number of problems, Conway
said. As the tape is tra-
versed by the reading head,
the outside edges of the tape
may rub and the inner por-
tion may not even make con-
tact. Three things may then
result: the tapes wear, in-
formation is erased, and
other information is not
picked up by the computer.
The solution basically is to
taper the edges of the in-

side of the tape. Thus as
the tape is wound, the
resulting stresses that

caused the tape previously
to dish on its outside are
compensated for and the tape
becomes flat across its
width.

The general formulas for
determining how, where, and
to what extent the tape
should be tapered in any
specific case are contained
in the trio's paper entitled
"Moire Study of Anticlastic
Deformation of Tapes with
Tapered Edges." Conway and
the two IBM engineers pre-
sented the paper at the an-
nual meeting of the Society
for Experimental Stress
Analysis in Pittsburgh, Pa.
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DATA MACHINES, INC. OF NEW-
PORT BEACH, CAL. ANNOUNCED
THE RECENT SHIPMENT OF A
COMPUTER SYSTEM WHICH IS TO
BECOME A LINK IN THE BILLION
DOLLAR AQUEDUCT CONTROL SYS-
TEM that will supply water to
Southern California. The
control system will consist
of acentral computer at Sac-
ramento, and a number of re-~
mote computers at control
sites along the aqueduct.
Each remote computer will
send (through a telephone
link) status information to
Sacramento telling of water
level, flow rate, flood gate
positions, and other perti-
nent data. The central com-
puter will act on this in-
formation automatically and
send back commands which
will control the valve
gates. Data Machines' com-
puter the Data/620 will be
installed at a South Bay site
in Southern California.

EQUITABLE TIME DISTRIBUTION
AMONG MAJOR USERS OF A SINGLE
COMPUTER HAS BEEN SIMPLIFIED
BY THE USE OF A TIME-SHARING
MONITORING DEVICE at the
Westinghouse Computer Cen-
ter in East Pittsburgh. The
unique monitoring unit con-
sists of three electric
clock timers, similar to
the type used to control
appliances. Manual setting
of a three-position switch
by the computer operator in-
dicates work is being per-
formed for user. "AN ' WB®.
or "C". The switch setting
triggers the relays to power
the corresponding clock in
the main unit. Each clock
can be set to flash a warning
light when a predetermined
maximum time 1limit has
been reached. Resetting the
clocks to a dial indication
of 12 at the start of each
day provides a way for di-
rect reading of accumula-
tion of user hours during
the day shift. The device
was constructed from com-
ponents totaling less than
$50.

Transmission Line Wiring
Systems with controlled characteristics

o Impedance
Propagation
velocity
Cross-talk

Capacitance

B Minimize problems and reduce
modifications in electronic package
wiring by applying the uniformity and

predictability inherent in aci Signaflo Trans-
mission Line Systems with controlled charac-
teristics. The combinations of signal
transmission are limitless. Our ability to build
controlled characteristics into aci Signaflo
systems is the result of pioneering and con-
tinuing research in dielectric materials, con-
ductor and shielding metallurgy. Approach
your application with new aci concepts!

Send for Bulletin E-6,

’Acknowledged leader in flat cable systems.”

ac i DIVISION OF KENT CORPORATION
206 Industrial Center, Pri , N. J. 08540
Telephone 609-924-3800 TWX. 609-921-2077

CIRCLE NO. 23 ON INQUIRY CARD

25



1967 INTERNATIONAL
SOLID-STATE CIRCUITS CONFERENCE

Univ. of Penn. — Sheraton Hotel, Philadelphia, Pa.

Feb. 15-16-17, 1967

MAJOR TECHNICAL SESSIONS

WEDNESDAY, FEBRUARY 15
SESSION: 35707 s Bodl i e il 9-11:45 A.M.

LINEAR INTEGRATED CIRCUITS

INSULATED GATE FET LINEAR INTEGRATED CIRCUITS

P. M. Thompson, University of Ottawa and G. H. Hantusch, Northern
Electric Co., Ottawa, Canada.

This paper will survey circuit techniques applicable to MOS and
related devices in linear integrated circuits. Methods of controlling
and stabilizing the dc operating point and sheet resistance will be
discussed.

A HIGH-PERFORMANCE 3-WATT
MONOLITHIC CLASS-B POWER AMPLIFIER

T. M. Frederiksen and J. E. Solomon, Motorola Semiconductor Prod-

ucts, Phoenix, Ariz.

An integrated class-B power amplifier which delivers 3 W to a direct-
coupled load with a total harmonic distortion of less than 0.2% has
been fabricated using all npn technology.

D/A and A/D INTEGRATED CIRCUITS FAMILY
M. B. Rudin, R. O’Day, and R. Jenkins, Fairchild Semiconductor, Palo
Alto, Cal.

Low-cost digital data-processing analog interface equipment implies
low-cost D/A and A/D converters. System/circuit/device studies in
defining and developing a compatible set of linear IC's for D/A’s
and A/D’s will be reported.

IC’s for PROFESSIONAL COMMUNICATIONS SYSTEMS
M. J. Gay, D. Moore, and J. Skingley, Allen Clark Res. Centre/The
Plessey Company Ltd., Northants, England.

A compatible family of silicon integrated circuits has been developed
for use in radio communication systems.

A MONOLITHIC INTEGRATED VARIABLE ATTENUATOR

J. A. Mataya and S. B. Marshall, Sprague Electric Co., North Adams,
Mass. and A. A. Gaash, Israeli Ministry of Defense, Jerusalem, Israel.

This paper will describe a monolithic integrated variable attenuator
which performs the functions of AGC, chopper, and modulator.
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As in the recent past Solid-State Circuits Con-
ferences, integrated circuit technology will be
the major topic in the 1967 sessions. A total of
58 contributed and invited papers make up the
formal program. In addition, 13 evening dis-
cussion panels are scheduled. The state-of-the-
art in large-scale integration will highlight many
sessions and panel discussions.

All daytime sessions will be held at the Uni-
versity. All evening panel discussions will be
held at the Sheraton Hotel.

Pre-conference registration fees are $13.00 for
members, $15.00 for non-members; at confer-
ence, fees are $15.00 for members and $18.00
for non-members. Pre-meeting registration forms
are available from Lewis Winner, 152 W. 42 St.,
N. Y., N. Y. 10036.

A brief summary of some of the scheduled
papers and panel discussions is presented here.

SESSION 2 (Ll L D e 2:50-5:30 P.M.

LARGE-SCALE INTEGRATION —
PRESENT AND FUTURE

LS| — THE FABRICATOR’S VIEWPOINT
R. D. Lohman, R. C. A., Somerville, N. J.

This paper will discuss the problems which LSI poses to the device
manufacturer as well as some possible solutions to these problems.

LS| — DIGITAL ELECTRONICS
T. R. Finch, Bell Telephone Laboratories, Murray Hill, N. J.

Gains in bits per-second/per-dollar are expected through LSI. Device
technology is here; system exploitation is ahead. LS| in high-speed
memory electronics will be reported.
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LSI — IMPACT ON DIGITAL SYSTEMS
R. Rice, Fairchild Semiconductor, Palo Alto, Cal.

Large arrays will not pay off as merely replacements for integrated
circuits. This paper will discuss a philosophy for integrating software
and hardware to reduce total costs.

PANEL DISCUSSION .......... el s 8:00 P.M.
LOGIC PARTITIONING IN LSI

The status and problems of logic partitioning will be discussed from
the standpoint of natural partitions existing in traditional computer
systems, gross system redesign for improved partitions, algorithms for
computer-aided partitioning, and test sequence simplification.

PANEL DISCUSSION . ................. 8:00 P.M.
SOLID-STATE IMAGE SENSORS AND DISPLAYS

A variety of solid-state techniques currently being studied for image
sensing and display will be presented. The problems of integrated
fabrication and of appropriate addressing and driving circuitry will
be discussed.

PANEL DISCUSSION .................. 8:00 P.M.

LSI PROBLEMS AND PAYOFF
IN PERIPHERAL EQUIPMENT FOR TIMESHARING

The potential for more electronics and LS| in the huge timesharing
peripheral equipment market is poorly defined. This panel will ap-
praise four key areas: distribution of electronics in timesharing com-
puting systems; size of the peripheral equipment timesharing market;
potential for LSl in peripheral electronics; and applying LS| processing
to peripheral electronics.

THURSDAY, FEBRUARY 16
SESSION: 5= .. oo s 9 A.M.-12 NOON

LARGE-SCALE INTEGRATION

LARGE-SCALE INTEGRATION: APPLICATION CONSIDERATIONS
W. H. Puterbaugh, National Cash Register Co., Dayton, O.

LS| raises questions concerning the interface between the user and
supplier that presently burdens the cost in packaging and testing.
A different interface which provides optimum cost and flexibility from
the systems viewpoint will be discussed.

COMPUTER-AIDED DESIGN for LARGE-SCALE INTEGRATION
C. H. Mays, Fairchild Semiconductor, Palo Alto, Cal.

The large number of unique LS| designs forecast for the 70’s requires
both design and manufacturing process automation. This paper will
discuss computer-aided design of LSl and the impact of such aids on
the customer-vendor interface.

ACTIVE MEMORY DESIGNS
USING DISCRETIONARY WIRING for LSI

R. Dunn and J. Jeansonne, Texas Instrument, Inc., Dallas, Tex.

Active main memory design criteria will be presented. The memory
is formed from interconnecting the good circuits on a slice containing
3900 cells. Interconnection requires a second level lead pattern
routed by a computer.

PARTITIONING for LARGE-SCALE INTEGRATION

H. R. Beelitz and H. S. Miiller, RCA Laboratories, Princeton, N. J.
and R. J. Linhardt and R. D. Sidnam, RCA, Camden, N. J.

Functional partitioning and a distributed control approach to com-
puter design yields a dramatic solution to the partitioning problem.
Now arrays can have 60% to 80% fewer connections than were
required by conventional designs.

COMPLEMENTARY-MOS INTEGRATED BINARY COUNTER

H. Borken, A. K. Rapp, L. P. Wennik, and K. R. Keller, RCA, Somer-
ville, N. J.

A twelve-stage binary counter, capable of arbitrarily-low counting
rates, was fabricated as a monolithic array of P- and N-channel MOS
transistors. A circuit design based on complementary transmission
gates produced efficient component utilization.

SESSION 7 o e s s L 1:30-5:00 P.M.
COMPUTER-AIDED CIRCUIT DESIGN

SCOPE and AVAILABILITY of PROGRAMS
for COMPUTER-AIDED CIRCUIT DESIGN

W. W. Happ, ERC/NASA, Cambridge, Mass.

Hundreds of computer-aided programs are now available. The scope,
input-output format, compatibility, and availability idiosyncrasies of
the programs will be examined from the user's point of view. The
need for standardization will be discussed.

PS SILICON MONOLITHIC CURRENT-SWITCHING CIRCUIT
USING PN JUNCTION ISOLATION and DIFFUSED RESISTORS

B. P. F. Wu, V. A. Dhaka, and C. Y. Chen, IBM Corp., East Fishkill,
New York.

The delay of a digital silicon monolithic circuit can be calculated.
Current-switching circuits using pn junction isolation, diffused resis-
tors, and multilayer interconnections have been fabricated. The
measured delay which ranged from 320 to 540 ps agreed closely
with design values.

A DIRECT-VIEW CRT CONSOLE for REMOTE COMPUTING

H. S. McDonald, W. H. Ninke, and D. R. Weller, Bell Telephone
Laboratories, Murray Hill, N. J.

A low-cost computer console capable of presenting a wide range of
graphical displays will be described. The concurrent cost-performance
features are achieved by combining a simple terminal and buffer
with computer software line and letter generation.

A DISTRIBUTED MODEL of the SATURATION CHARACTERISTICS
of INTEGRATED TRANSISTORS

L. B. Dickson, Motorola Semiconductor Products, Phoenix, Ariz.

A distributed model for the saturation characteristics and internal
currents of an integrated circuit transistor will be described. The
model can be used to predict accurately the saturation voltage of
an integrated circuit transistor.

AN APPLICATION EXPERIMENT
with ON-LINE GRAPHICS-AIDED ECAP

G. R. Hogsett and D. A. Nisewanger, IBM Corp., L. A, Cal. and A.
C. O’Hara, Jr., IBM Corp., Kingston, N. Y.

An experimental version of the Electronic Circuit Analysis Program
(ECAP) with a graphic man-machine interface for circuit input and
analysis output has been used successfully by circuit designers. This
paper will summarize experience in a design environment and con-
sider future implications.
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Solid-State Circuits Conf. (Cont'd.)

SESSION- 8 0 i s e o e 1:30-5:00 P.M.

MEMORY TECHNIQUES

NEW IMPLEMENTATION of BIPOLAR SEMICONDUCTOR MEMORY

D. J. D'Stefan, J. E. Ilwersen, and J. H. Wuorinen, Bell Telephone
Laboratories, Murray Hill, N. J.

A 100-ns nondestructively-read memory with 16 bipolar flip-flops has
been integrated on a 30 x 38-mil beam-leaded chip. Arrays of 64
words (16 bits-per-word) have been produced by bonding chips on
large-area substrates.

SILICON on SAPPHIRE COMPLEMENTARY MOS MEMORY SYSTEMS

J. F. Allison, J. R. Burns, and F. P. Heiman, RCA Laboratories, Prince-
ton, N. J.

A 10-transistor one-bit memory cell exhibiting a pair-delay of less
than 12 ns with a standby power dissipation of 10 microwatts has
been fabricated. The cells have integrated into a 9-bit word on an
80-mil square chip.

A HIGH-SPEED ASSOCIATIVE MEMORY

A. W. Bidwell, IBM Corp., Poughkeepsie, N. Y. and W. D. Pricer,
IBM Corp., East Fishkill, N. Y.

This paper will describe a simple associative memory cell as used in
a high-speed 8-word experimental model with 15-ns interrogate delay
and in an experimental timesharing system of 64 words.

A NEW MAGNETIC READ-ONLY MEMORY

E. B. Barcaro, D. T. Best, and J. S. Zajaczkowski, Univac Div./Sperry
Rand Corp., Blue Bell, Pa.

A read-only memory technique using plated-wire transducers and a
sheet of magnetic recording material has been developed. The mem-
ory does not require relative mechanical motion between the trans-
ducer and the sheet.

NOVEL LOW-COST DESIGN for 2-2D STORAGE SYSTEMS
P. A. Harding and M. W. Rolund, Bell Telephone Laboratories, Naper-

ville, 1.

Two difficult problems associated with 272D memories will be con-
sidered: economical bit access design and minimization of bit current
noise. A multi-state core analysis determines optimum current values
and indicates desirable circuit configurations.

PANEL: DISCUSSION: . . St ol vl 8:00 P.M.

COMPUTER-AIDED DESIGN

This discussion will consider computer aids to successful modeling,
analysis, and design of integrated devices, circuits, and subsystems.

CD REFRESHER SERIES:

Mathematics Revisited

continues in the February issue with
PART 8 — Descriptive Statistics
(Part 7 appeared in last month’s issue.)
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PANEL DISCUSSION .................. 8:00 P.M.
THE NEXT STEP IN LARGE-SCALE MEMORY

Requirements for main-frame memory in future digital machines will
be discussed. Effects of present system-circuit-device interactions on
the next generation memory systems will be assayed.

PANEL DISCUSSION .................. 8:00 P.M.
HIGH-SPEED CIRCUITS

The discussion will emphasize the fundamental relationships and
limiting factors of various approaches to subnanosecond speeds.
Delay measurement techniques and tradeoffs between germanium
and silicon, smaller devices and higher integration, density and power
dissipation will be considered.

FRIDAY, FEBRUARY 17
SESSIONUETT, = 0 e e, el ol 1:30-4:30 P.M.

DIGITAL CIRCUIT TECHNIQUES

AN INTEGRATED CURRENT MODE FULL ADDER

U. Priel and J. W. Hively, Motorola Semiconductor Products, Phoenix,
Arizona.

A transistor tree has been utilized in the design of a current mode
high-speed full adder. Following a discussion of design philosophy,
the adder will be thoroughly analyzed and compared with state-of-
the-art implementations.

PICOSECOND PULSE RESPONSE of INTERCONNECTIONS
in a COMMON SUBSTRATE MONOLITHIC SYSTEM

P. A. Brennan, IBM Corp., Yorktown Heights, N. Y. and H. Guckel,
Washington University, St. Louis, Mo.

Interconnections in a common substrate monolithic system are essen-
tially microstrip transmission lines loaded by a two-material medium.
These structures have been found to exhibit pulse delays equivalent
to a relative dielectric constant of 2500.

SILICON VS. GERMANIUM in PICOSECOND LOGIC CIRCUITS

F. H. Dill, A. S. Farber, and H. N. Yu, IBM Corp., Yorktown Heights,
New York.

A theoretical and experimental comparison of basic materials, proper-
ties, and actual performance in planar picosecond logic circuits shows
considerable advantage for germanium over silicon transistors in this
speed range.

AN INTEGRATED THRESHOLD GATE

J. J. Amodei and R. O. Winder, RCA Laboratories, Princeton, N. J.
and D. Hampel and T. R. Mayhew, RCA, New York, N. Y.

A threshold gate has been integrated which is fully compatible with
standard current mode OR/NOR gates. Based on some examples, the
cost reduction of typical logic systems using these gates is estimated
at 50%.

VHF SAMPLE & HOLD

R. E. Fisher, Bell Telephone Laboratories, Murray Hill, N. J.

A very-high frequency Sample and Hold (S&H) circuit operating at a
120-MHz sampling rate will be described. When driving a com-

panion analog-digital converter, the circuit makes possible a 720
mbit/s, 6-bit Gray code PCM system.
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GREGARIOUS!

The tighter you cram little Turbowrap™ wires together, the
happier they are. Kynar and polysulfone insulation make them as
tough in tight spots as much bigger wires.

Think of the opportunities that Turbowrap 312 (with Kynar) and
Turbowrap 412 (with polysulfone) open up for higher-density wiring.
Made in sizes as small as 30 AWG, with walls as thin as .004” —
these wires zip through automated wire-wrap operations with
never a jam, skip, nick, short or break. And they perform
faithfully, once in place.

Special thin-wall extruding techniques, plus the fine electricals
and mechanicals of the insulation, have made it possible for
Brand-Rex to produce small O.D. wires with excellent
cut-through resistance.

Looking for ways to put more wire into less space ? Call on our
tough little extroverts, Turbowrap 312 and 412.

AMERICAN A CORPORATION
BRAND-REX DIVISION

WILLIMANTIC, CONNECTICUT 06226
PHONE 203 423-7771

CIRCLE NO. 24 ON INQUIRY CARD
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COMPUTER DESIGN INDEX

1963 THROUGH 1966

Here is an up-to-date listing of major feature
articles published in Computer Design since its

inception as a monthly publication.

A limited

number of some back issues and/or article tear-

sheets are available upon request.

AEROSPACE, AIRBORNE AND MILITARY

Command Clock For The Nimbus Satellite ... ... May
Design Requirements For Spaceborne Digital Systems ... July-Aug
Designing A Spaceborne Computer ... April
Logical Design Of A Thin-Film Memory Computer ............ Sept
The Digital Computer In Real-Time Control, Part 2 ............ Mar
The Digital Computer In Real-Time Control, Part 3 ......... May
Standardization Of Logic Diagrams ... ... July
Hybrid Simulation Of A Temperature-Rate

U Lo 1] 8o g 1= WIS 1 g s e R e O G S April
An Air Defense Computer System Concept ..... Nov
Radar Video-To-Computer Interface ... July
The Design Of An Airborne Computer ... Nov

ANALOG AND HYBRID

Ambilog Computers
Digital-Analog Pulse-Time Circuits

Digital-Operational Techniques .............

High-Speed Interface System ... !
Hybrid Simulation Of A Temperature Rate

Flight-Corsiely SYSTBD 0. i St o s fn e o Gl e April
Novel Device Diagnoses Redundancy In Data July
Hybrid Computer Technique Yields

Random Signal Probability Distribution ... Dec
Threshold Detector Produces Narrow Pulses . Mar
Monolithic Integrated Circuits

In Hybrid Analog/Digital Systems June
CHARACTER READING

Experimental Solid-State Scanning Device May
Optical Character Recognition

Based On Peephole Template Matching Dec
CODES AND CODE CONVERSIONS

High Speed Data Transmission ..., April
Error Detecting And Correcting Methods ... June
Versafile Code Converter —f )L e o o s Sept
All-Magnetic Logic Devices Mar
Organization Of And/Or Elements For Encodmg,

Decoding, And Pattern Generating Networks ... June
Code Set For Machine Language Translation ................. Nov
Data Transmission: System’ ...l s i st s et St May
Digital Magnetic Tape Eqmpmem Parts 2 &3 —

Produch Reference File .ol i ol o it skrany June
Improved Circuit Minimizes Generanon T|me

Of Pseudonoise Check Bits ........... July
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63
63
63
63
64
64
64

65
65
66
66

63
63
63
64

65
65

65
66

66

65

65

63
64
64
65

65
65
66

66

66

CONFERENCE SUMMARIES

‘63
‘63
‘63
‘64
‘64
‘64
‘64
‘64

Intermag Conf. iy ety
Spring Joint Computer Conf

Fall Joint Computer Conf.
Internat’l. Solid-State Circuits Conf.
Spring Joint Computer Conf.
Internat’l. Solid-State Circuits Conf.
Wescon Show ..........

Fall Joint Computer Conf
‘65 Internat’l. Solid-State Circuits Conf.
‘65 National Telemetering Conf. ..

IFIP Congress ‘65

‘65 Wescon Show

Discuss-Only Sessions At ‘65 FJCC

‘65 Fall Joint Computer Conf.

‘66 Internat’l. Solid-State Circuits Conf.
‘66 Spring Joint Computer Conf.

‘66 Wescon Show

‘66 Fall Joint Computer Conf.

CONTROL, PROCESS,
NUMERICAL, DATA LOGGING

Digital On-Line Control

The Digital Computer In Real-Time
Control Systems, Part 1

The Digital Computer In Real-Time
Control Systems, Part 3 ... ... ...
Low-Cost Industrial Control Computer
The Digital Computer In Real-Time
Control Systems, Part 4 .
The Digital Computer In RealTlme
Control Systems, Part 5 J
Real-Time 1/O Techniques To Reduce System Costs
Radar Video-To-Computer Interface ...

Automating The Production
Of Printed Circuit Artwork ...

DATA COMMUNICATIONS

High Speed Data Transmission

Tape-To-Tape Data Transmission
Teletypewriter Fundamentals

Switching Centers In Communications
Computer-Communications Interface .

New Bell Telephone Switching System
Based On Computer Technology

Design Guide For Computer-Communications
Systems, Part 1 .

Design Guide For Computer- Commumcahons
Systems, Part 2 ... .
Design Guide For Computer- Commumcanons
Systems, Part 3 ... e

Design Guide For Computer-Commumcahons
Systems, Part 4 .. Ay
Design Guide For Computer-Commumcahons
Systems, Part 5 .. N
Experimental PCM Sys!em e
Design Guide For Computer- Commumcahons
Systems, Part 6
Data Transmission System ... h A
Circuit Maintains Digital Decmon
Threshold At Preset Level

July-Aug

May
Oct
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May
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May
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DIGITAL SYSTEM ORGANIZATION
(INCLUDING DESIGN TECHNIQUES
AND COMPUTER SPECIFICATIONS)

A Parallel-Concurrent Computer ... . Les . INov 53

Core-Rope Memory ... June 63
Design Requirements

For Spaceborne Digital Systems L July-Aug 63
Designing A Spaceborne Computer ... April 63
Shgital O liie OOBRel b o e L o et ot B SR Sept 63
Logical Design Of A Thln Fllm Memory Computee ...\ Sept 63
The Digital Computer In Real-Time

Control Systems, Part 1 o ; ... Jan 64
Switching Centers In Communications tisge PO
The Digital Computer In Real-Time

Control Systems, Part 2 .. w5 Tl . Mar 64

The Digital Computer In Real-Time
Control Systems, Part 3 ... ... B T May 64
New Bell Telephone Switching System

Based On Computer Technology .. ... Dec 64
New Computer Systems € ... Dec 64
Use of Magnetic Core Memory

In Input-Output Equipment A Feb 65
Design Guide For Computer-Communications

Systems, Part 1 : saassecl RGP 65
The World’s Fair Machine Translator April 65

Design Guide For Computer-Communications
Systems, Part 2 B Btnasts by AT IS
Design Guide For Computer-Communications

Systems, Part 3 Aug 65
Computer Modification Reduces Time
Of Performing lterative Division ” 4 S i UGS
The Variable-Threshold Logic Concept .. vt ety o SO (O
Design Guide For Computer-Communications
Systems, Part 4 e o .
Control System For High- Speed Photocomposmon s Ot 65
An Air Defense Computer System Concept . B Nov 65
Computer Specification Guideline 35 : i ADOE B8
Design Guide For Computer-Communications
SUAIATMS, -Parth Bl & i erten s s i e . 1JANI00
Design Guide For Computer-Communications

.................. Mar 66

Systems, Part 6
Combined Decimal And Binary Amhme#lc UneEs: L er . Mar 66
Real-Time 1/0O Techniques

o, Reduce Systom COSTE: i o be i 00 et s Bl May 66
Shared-Memory Multiprocessor Computer Systems { Aug 66
Where Is Computer Speed Going? .. .. sy Oct 156
A Summary Of Progress In The Computer Field WECERERR. 3 -, & .|
A Capsule Review Of Systems-Oriented Computers ... Oct 66
The Design Of An Airborne Computer .. = e Nov 66
Simplified Computing Circuitry

For Desk-Top Calculators ....... T Nov 66
Syntran: A Text Information Orgamzanon

And Retrieval System .. ey e e B st s Dec 66
New Systems-Oriented Computers GO o Dec 66

DIGITAL MODULES, CIRCUITS AND CIRCUIT DESIGN

Gustom Circuils In A To:5 Package «:.......ccmmsosaimsimsoains Feb 63
Designing Transistor Switching

TS, PAm Y s s ot Vi i st S e O R e & June 63
Designing Transistor Switching

Circuits, Part 2 . s B st e o SR et R July-Aug 63
Logic Limitations Of Glgahertz CIrCUIS Voo iis s s Tt Sept 63
The Case For Worst-Case Design

PEDigial. CircuHS: (i et i oo aasis et s ivise May 63

Design Of Modular 250 MC Circuits ..... =

A Design Philosophy For Custom Digital Sysfems
Standardization Of Logic Diagrams
Causes And Cures Of Noise

In Digital Systems, Part 1 ... ’
Causes And Cures Of Noise

In-Digitall Systems; Pam D .. L e T s Oct
Causes And Cures Of Noise

In Digital Systems, Part 3 Nov
Designing Shift Counters Dec
New Computer Systems Dec
All-Magnetic Logic Devices ................ccccocvviviviieivirieenn.. Mar
Computer-Aided Design Of A Flip-Flop .............. Nov
MOS Micropower Complementary Transistor Logic . Feb
Expandable Digital Data Scanner ... June
Programmable Module Tester Aug

Microelectronics And The Role
Of Circuit & System Designers
The Case For A Mixed Approach
Integrated: CircUIH LOGIC ICATHS " .....oc.uiismirs tinss i

DISPLAYS AND INDICATORS
(INCLUDING GRAPHIC 1/0)

Alpha-Numeric DISPIBYS' ... ..o s i .. Sept
Supervisory Display Systems For Industrial Processes ... July
New Switch/Display Matrix Mar
The Rand Tablet April
The Elimination Of False Digit Display

In; Segmented-TYPe REAAOULS: - .....oviimin st May
New Digital Readouts Designed

Around “Light Pipe” Principle ................... e Mar
ComputersControlled: BIspIRYS: .00 oot funsions oo oes July
Computer/ DIspIsYESYBIBIIEE: .t 5. . e ticrevisnsn b ameadssmymmssonssoaid Nov

ELECTROMECHANICAL COMPONENTS AND
HARDWARE (INCLUDING CIRCUIT PACKAGING)

Advantages Of Crimped Connections ...............c.c..ccc...... ... Feb

Interconnections In Microminiature Equipment ... Mar
Advances In Connector Technology April
Interconnecting Micro PC Boards June
New Look To Back Panel Circuits Oct
Program Switch/Matrix Boards ........... Oct
Manual Input Devices B Dec
Laminar Bus Bar Assemblies ........ Feb
Automating The Production Of Prlnted Clrcunf Artwork Aug
Integrated Circuit Packaging .........ouiisiveniicnsiiinns . Dec
FLUID LOGIC

A Fluid-Logic Digital Computer ....... .. June
INFORMATION RETRIEVAL

Syntran: A Text Information Organization

AN R N B S O i e e s sa s S Dec
INTEGRATED CIRCUITS

The ‘Impact Of Integrated Circuits Oct
Standard Flat Package For Integrated Circuits Feb

Integrated Circuits Perform All Functions

In PCM Telemetry Encoder ...........ccccoovenneniereanieroiiiiieenins Sept
Digital System Design

With Integrated Circuits, Part 1
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Digital System Design

With Integrated Circuits, Part 2
Digital System Design

With Integrated Circuits, Part 3 .
Beam-Lead Integrated Circuits
Reduce Parasitic Capacitance .
The Variable-Threshold Logic Concept .....

MOS Micropower Complementary Transistor Logic

Monolithic Integrated Circuits
In Hybrid Analog/Digital Systems .
Microelectronics And The Role
Of Circuit & System Designers
The Use Of Integrated Circuits
A 2V2D Integrated Circuit Memory
A Guideline For Selecting

Integrated Circuits, Part 1

The Case For A Mixed Approach ...
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Steppers are gair.ing popularity in
digital systems because of their quick
response, high resolution, and

many other distinct advantages.
Clifton announces a full line of size
8,10, 11, and 15 Stepper Motors

and the Controllers that go with them.

For further information, contact our
local sales offices or representatives.
Clifton Precision Products, Division of
Litton Industries, Cliften Heights, Pa.,
Colorado Springs, Colo.

CLIFTON STEPPER MOTORS

SIZE A P 1 R I e 8 T L T

LENGTH (M.F.) 0.770| 0.770| 1.215 | 1.215 [1.062 |{1.112 | 0.770 | 1.215 [1.062 [1.535

WEIGHT (02.) 1.0 VS SR e A 15 Ul (320 5 (64

INERTIA (GM-CM?) | 0.9 | 0.9 [ 077 {037 [018 |045 [019 | 077 [0.10 |24
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ANGLE 5 ] D S A - g s bt s e Lo e g
pm| pm | pm [ VR [ pm [ pm [ pm | pm [VR [ PM
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RATED D.C. VOLT. av| 28v | 28v | 28v | 28v | 28v | 28v | 2v |28v |2v

RESISTANCE [ | i [

(OHMS/PHASE) 300| 300 | 300 | 150 | 300 | 300 | 135 | 130 [150 | 150

NO LOAD RESPONSE ‘

RATE PULSE/SEC 30| 35 | 18 | 600 | 360 | 280 1 600 1 440 | 950 | 150

NO LOAD SLEW ‘ [

RATE PULSE/SEC 930 | 700 | 19 | 1600 | 375 | 650 | 2700 | 1200 |1800 | 159

HOLDING TORQUE ‘

OZ:IN. ONE PHASE 035| 050 | 1.4 | o060 |08 [05 | 060 [ 15 (054 | 32

DETENT, OZ-IN

ZERD INPUT 0.05| 0.05| 0.24 — N e Jrea0 faals a2 | — 0.8

TYPE NUMBER MSA-8-1 | MSA-10-A-1{MSA-11-A-1[RSA-11-A-1| MSM-8-A- 1| MSL-8-A-1{ MSA-8-A-3| MSA-11-A-2 | RSA-8-A-1 | MSA-15-A-1

EXCITATION MODE:

i

TWO PHASES PARALLELED ALTERNATELY.

CLIFTON :icoicrs EB
DIVISION OF LITTON INDUSTRIES

TYPICAL CHARACTERISTICS
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e Space-saving: Datalites mount in 3/8”
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computer, data processing and automation
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e Greater design flexihility: Dialco Datalites

60 STEWART AVE., BROOKLYN, N.Y. 11237 -

Foremost Manufacturer of Indicator Lights

DIALIGHT coweorarion

MATHEMATICS
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DATALITES

SPACE SAVING INDICATOR LIGHTS!

For Computer, Data Processing & Automation Applications

—

Ultra-miniature Datalites—with Neon or In-
candescent light sources, give you greater de-
and save you needed space.

are offered in a wide range of lens shapes,
colors and finishes—and too—permit the
choice of up to seven lens colors; legend
markings may be hot-stamped or engraved
in “positive” or “reverse” presentations
for even greater flexibility.

o Prompt delivery: We offer the widest selec-
tion obtainable—all designed and built to

Dialco’s usual high reliability standards...

and they are available off the shelf!

e Complete data: Ask for our new 12 page catalog.
Contains ordering information, drawings and all
necessary data to design a space-saving display!

Do it today!
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What is black...
empty. ..
doesn’t work...
—yet is accurate?

Kaye's all-new Thermocouple Reference System- for
computerized data acquisition systems . . . that’s what!

It accepts any type of thermocouple material inter-
changeably . . . it is accurate to +0.1° F . . . and is much
less expensive than other 50-channel units — after
all, it's only an empty, black box that doesn't work*

*It has no “working” parts, that is.

@  State-of-the-Art Reference Systems — Our Only Endeavor
&

JOSEPH KAYE & COMPANY, INC.
737 CONCORD AVENUE < CAMBRIDGE, MASS. 02138
TELEPHONE: (617) 868-7080
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If your
computer system
requirement
looks like this

1JJJJJJJ;;JTHHJJJ‘ 1
16/18 bits 4
4K to 32K [RRFPV ]

1asee, DATA/620 ;

4

ERIIeT)

RELAYS °o
~ CONTACTS

16 to 256

16 to 256

810512  PisysTem INTERRUPTS

321t01,000 K
words

then the DATA/620
computer system
was made for you.

90 day delivery—for a fact filled
DATA/620 applications brochure
write or call:

DATA MACHINES

1590 Monrovia Avenue, Newport Beach, California

Telephone (714) 646-9371 TWX (714) 642-1364

Division of DECISION Control, Inc.
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INTEGRATED LOGIC CIRCUITS:
A Comparative Evaluation

DR. WILLIAM B. HUGLE, Contributing Editor

It has been estimated that approxi-
mately 95 per cent of all digital cir-
cuit functions can now be accom-
plished by integrated circuitry —
with a list of advantages over dis-
crete circuitry which far outweigh the
list of disadvantages. It has become
an accepted fact that the IC package
offers an economic attraction for dig-
ital functions, a probable advantage
in terms of performance, and an un-
disputed advantage in terms of size.
Mingle with designers of digital
equipment at any trade show, or in
the privacy of their own laboratories,
and you will soon conclude that no
such designer today approaches a
new project without giving serious
consideration to integrated circuits.
The problem has thus become less
a question of whether to use ICs
than a question of which ICs to use.
Unfortunately, it has been a difficult
question for many design engineers
to answer for themselves. It is the
nature of business that marketing

Fig. 1 Transfer characteristic of typical RTL gate circuit.
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men from one firm will try to sell the
engineer on the advantages of its ap-
proach and its logic package. In
some cases, this has left a few scars
with the engineer who was led down
the garden path to a digital logic
form completely wrong for his ap-
plication, the result being that he is
now reluctant to try again.

The time has come, then, for a
comprehensive look at the logic forms
available to the designer so that he
might choose wisely the type to suit
his own purposes. Certainly no one
logic form is superior to all others
for all applications. For each ap-
plication, the user must select the
form which meets his total system
requirements, with the decision based
upon such factors as power consump-
tion, operating environment, and
cost.

The basic trade-offs for each logic
line must be taken into account. If
the system requires extreme speed or
low power dissipation, the designer

1.0

RTL circuit.

must determine which logic lines
supply these needs and then compare
what he must give up with each one
in terms of logic swing, power con-
sumption, and noise immunity.

Resistor-Transistor Logic

Resistor-Transistor Logic (RTL),
also identified frequently as Direct-
Coupled-Transistor Logic (DCTL).
was the pioneer form of integrated
circuit logic and is the most direct
translation of discrete design into
integrated form. Although they are
the same basic logic form, RTL and
DCTL do differ somewhat, in that
the RTL is modified to include a
resistor in the base lead. With direct-
coupled circuits, a problem arises
when several base-emitter junctions
are driven from the same output.
The input with the lowest base-
emitter junction forward potential
can limit the drive current to the

Fig. 2 Typical input dc noise threshold vs. temperature for
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No one integrated logic circuit form is superior to all others
for all applications. For each application, the system design-
er should analyze the basic trade-offs of each logic line. To
help in this type of analysis, a comparative evaluation of
available IC logic circuits is given here.

other transistor bases. A resistor
added to the base circuit increases
the input impedance to assure proper
operation when more than one load
1s being driven.

The basic RTL circuitry, which is
available from all the major inte-
grated circuit suppliers, has the ad-
vantages of being useful for a wide
range of digital applications and be-
ing highly reliable. It also is easy for
design engineers to adapt this type of
IC logic for their use since its design
parallels that of discrete circuitry.
Even with these advantages, how-
ever, the potential user should care-
fully study the performance charac-
teristics of RTL.

The number of load circuits that
can be driven by an output is limited
to five in a basic RTL gate. Larger
fan-out drivers are available, capable
of driving up to 25 gate circuits, but
fan-out is still limited because logic
swing and noise immunity are both
dependent upon it.

Another limitation is that RTL’s
noise immunity degrades rapidly
with an increase in temperature. The
transfer characteristic of a typical
RTL gate circuit (Fig. 1) indicates
that the logic swing is about 1.2 to
1.3 V, operating at 3 V with a fan-
out of three. The voltage level re-
quired to switch an RTL circuit
shifts considerably with variations in
the operating temperature and fan-
out.

A similar transfer characteristic
for the DCTL circuit (without the
base resistor) would show a reduced
logic swing in the order of 0.6 to 0.7
V. The high level operating point

would lie closer to the active region
of the transfer curve, resulting in a
reduced noise margin and relatively
poor dc stability.

Typical input dc noise threshold
vs. temperature for the RTL circuit
is illustrated in Fig. 2. The top curve
in Fig. 2 indicates the amount of
noise immunity that a circuit has
when the input is in the high logic

state (or the logic 1 condition) and
a negative noise pulse is injected on
the input signal line. The lower
curve describes the noise immunity
values during the input logic 0 con-
dition when a positive signal pulse is
injected on the input.

In a plot of a typical input ac noise
threshold vs. pulse width (Fig. 3), it
is shown that at an input pulse width

Fig. 3 Typical input ac noise threshold vs. pulse width for RTL circuit at 25°C.
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Fig. 4 RTL turn-on and turn-off delay times vs. temperature and fan-out.

of roughly 50 to 100 ns, the noise
immunity levels off and approaches
the dc condition. At smaller pulse
widths, noise margins on the input
signal line are appreciable. For ex-
ample, with pulse widths on the
order of 10 to 20 ns, the noise mar-
gin will be greater than 0.5 V.

The turn-on and turn-off delay
times of RTL are also affected by
temperature and fan-out variations,
as shown in Fig. 4. At any given
temperature, an increase in fan-out
results in a slower turn-off time but
a faster turn-on time. As variations
in fan-out put more or less load on
the circuit, there is a corresponding
increase or decrease in the time re-
quired to turn off the output inverter.

For RTL applications that require
low power dissipation, a line has
been developed known as milliwatt-
RTL. In this modified version, the
base resistors and the collector load
resistor are increased significantly to
reduce the power dissipated in a
typical gate circuit to about 2 mW.
Consequently, if power dissipation is
a main consideration, milliwatt-RTL
offers an advantage. The basic
milliwatt-RTL circuit is shown in
Fig. 5.

Diode-Transistor Logic
Diode-Transistor Logic (DTL) is

also familiar to the designer of dis-
crete circuitry. The diodes provide

38

additional threshold in the circuit
and increase the input impedance
over the RTL circuit. Therefore,
DTL became the second integrated
logic type on the market.

The advantages of DTL circuits
over RTL include larger logic swings
and improved noise immunities, with
input signal line noise margin run-
ning typically in excess of 1 volt. The
basic DTL circuit. shown in Fig. 6,
requires two power supplies: a posi-
tive supply, and a negative supply
used to improve the turn-off time of
the output inverter. Although the
circuit would operate with only one
supply, an undesirable compromise in
the design would be necessitated to
provide fairly symmetrical turn-on
and turn-off times. If a single power
supply were used, the charge could
be pulled out of the base of the in-
verter when the input goes to a low
logic state, allowing the inverter to
turn-off, by either putting a small
resistor between base and emitter or
by making diodes D, and D. special
slow recovery diodes. In the basic
DTL circuit, a negative power sup-
ply is used to turn-off the output
inverter, even though this added
supply is somewhat of a disadvan-
tage in itself.

The need for a dual power supply
is one of the undesirable features that
has been corrected in some DTL cir-
cuits, such as the basic 930 Series
DTL. This series, originated by Fair-
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Fig. 5 Milliwatt-RTL gate circuit.
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Fig. 6 Basic DTL gate circuit.
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Fig. 7 Basic gate circuit of the 930
DTL series.

child Semiconductor and also offered
by a number of other companies,
dominates the DTL market at pres-
ent.

The basic gate circuit of the 930
DTL series is shown in Fig. 7. The
circuit features an input transistor
that replaces one of the input offset
diodes in conventional DTL. The
transistor supplies the turn-on drive
to the output inverter, allowing for
potential increase in loading with
the DTL design. The input current
source in the gate allows for a much
smaller base resistance, and so a
negative supply is not required for
rapid transistor turn-off.

A close evaluation of the design
requirements for the 930 Series DTL
circuit indicates that less demand is
made on resistor tolerances, hyg, fan-
out, and power dissipation than in
the conventional DTL circuit. There-
fore, although the performance char-
acteristics of DTL and 930 DTL
circuits are similar, the latter offers
a number of advantages. These in-
clude, in addition to the single power
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Fig. 8 Transfer characteristic of typical
930 Series DTL gate.

supply operation, lower power dissi-
pation, larger drive capability, higher
speed operation, and better noise im-
munity.

The transfer characteristic of the
typical 930 Series DTL gate is given
in Fig. 8. Vi, is the minimum low
threshold on the input, while Vi is
the maximum high threshold on the
input. The worst-case specified noise
margins with a low level input and
high level input are Vi, and Vi,
respectively. The low level noise
margin will always be in excess of
350 mV while the high level noise
margin will be greater than 400 mV
over the full temperature range of
—55° to 125°C. Increased noise
margins are obtained when circuits
are not fully loaded. Worsi-case
noise thresholds generally are better
than 600 mV in systems that do not
employ the maximum drive capabil-
ity of each circuit.

Some applications will require bet-
ter noise immunity than that avail-
able from most logic types discussed
above. Amelco Semiconductor’s DTL
line is noted particularly for its high
noise margin, and has been found by
many designers to work best in high
noise DTL applications.

For IC applications which require
exposure to high radiation levels, it
should be noted that most standard
logic lines made by conventional
techniques have been generally lim-
ited in operation. The types of de-
vices which have proved most suc-
cessful are those which use dielectric
isolation of active elements com-
bined with monolithic silicon chip
fabrication using passivated epitaxial
techniques.

Radiation, Inc. pioneered the use
of dielectric isolation in digital appli-
cations and Norden explored its early
use in the linear field. The technique

Fig. 9 Basic VTL gate circuit.

is also used by Motorola in what
they call their Epic process.

These manufacturers believe that
dielectric isolation provides parasitic-
free operation with electrical perfor-
mance surpassing that of convention-
ally constructed ICs. For its DTL
gates, for example, Radiation, Inc.
specifies propagation delay of 7 ns,
power dissipation of 10 mW, noise
immunity of >800 mV, and fan-out
of 8.

Variable Threshold Logic

In an effort to improve noise mar-
gins, Motorola Semiconductor Prod-
ucts further modified the basic DTL
circuit and came up with a logic
type known as Variable Threshold
Logic (VTL).

Although VTL is not primarily de-
signed for use in “computer” logic,
it has applications in certain com-
puter peripheral equipment, such as
when integrated circuits must oper-
ate to close solenoids, relays, and
high-voltage testing devices that
create noise spikes far in excess of
the noise immunity levels of conven-
tional logic gates.

It must be kept in mind that VTL
has two primary disadvantages, how-
ever, in that it has a poor power-
speed ratio and it requires two power
supplies. On the plus side, it can re-
move the need for bulky packaging
and shielding which has not always
been effective in high-noise applica-
tions.

The basic VTL gate circuit is
shown in Fig. 9. This circuit differs

Fig. 10 Basic ECL gate circuit.
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SLASH

DIGITAL
DATA
HANDLING

DIGI-STORE® DS-2

DIGI-STORE® DS-2 is a bidirec-
tional, incremental magnetic tape
unit offering these advantages. ..

e Speeds up to 333 characters per
s‘econd‘

e Operates in either read or write
mode—can replace both tape punch
and reader.
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from the conventional DTL gate in
that one of the input offset diodes
has been replaced by a voltage
dropping resistor. Also, a current
source transistor, Q;, is used, whereas
in DTL there is a pull-down resistor
in the base of the output inverter.
The designer with these special needs
will find that these changes provide
additional noise immunity.

Ground noise rejection capability
is an important feature of the VTL
logic family. While not as high as
input noise margins, the ground
noise margin is considerable and
offers some advantage over what is
presently available in other integrated
logic lines.

At 10 V operation, the Motorola
VTL circuits exhibit a typical dc
ground line noise immunity of 3.7 V,
and additional ground noise immu-
nity can be picked up by adjusting
the Vgg bias below the value of Vc.

The power consumed by a single
VTL gate circuit will vary from 82
mW with 10 V supplies to 12 mW
with 4 V supplies. Typical propaga-
tion delay of the VTL gate will vary
from 60 ns with 4 V supplies to 48
ns with 10 V supplies at 25°C. Thus,
the speed, power dissipation, and
noise immunity of VTL circuits are
quite flexible. However, a maximum
fan-out of five is specified with VTL,
and use of a larger number of load
circuits than five will give some loss
In noise margin.

Emitter-Coupled Logic

Another logic type introduced by
Motorola was the ECL family of cir-
cuitry. This resulted from a develop-
ment program aimed at disregarding
approaches used in discrete circuitry
upon which the earlier types of cir-
cuits had been based. The result is
called current-mode logic and it fea-
tures propagation delays as low as 1
to 2 ns, high fan-in and fan-out, and
high noise immunity with a mini-
mum of crosstalk.

Current-mode logic uses a tech-
nique of current steering — switching
well defined currents with small con-
trolling voltages. This was the first
logic to take advantage of the fact
that integrated circuits can be fabri-
cated as economically and efficiently
with a large number of active devices
as with just a few. Moreover, tight
parameter control is not required
since logic levels are a function of re-

S 2 _‘
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sistor ratios, not absolute values. The
ECL line of circuits provides essen-
tially all the necessary circuitry re-
quired for the arithmetic and control
portions of a computer.

The basic ECL logic circuit, a 5-
input gate, is shown in Fig. 10. It
consists principally of an NPN cur-
rent-mode followed by emitter fol-
lowers serving as output stages. The
current switch is composed of five
input transistors having common
collectors (Q; — Q;) and a fixed
bias transistor (Qs). The fixed bias
driver insures that the threshold
point is always in the center of the
transition region and is designed to
track with temperature in order to
compensate for threshold changes
with temperature. Bias furnished to
the gate will always lie midway be-
tween a logical 0 and a logical 1.
Thus, almost perfect tracking is ob-
tained from —55° to 125°C with
power supply variations to #=20%.

The typical ECL circuit is designed
with a differential amplifier input
and emitter-follower output to restore
dc levels and provide a large output
drive capability. In circuit operation
with a negative supply, a fixed bias
is applied to one side of the differen-
tial amplifier and the logic signals
are applied to the other inputs re-
sulting in the following two different
“states” of the circuit:

1. With a logical O input applied,
the current through Rg is supplied
by the fixed biased transistor. A
drop of 800 mV occurs across Rc..
The OR output is —1.55 V, or one
Vgg drop below 800 mV. Since no
current flows in the input transistor,
the NOR output is a Vgg drop below
ground, or —0.75 V.

2. When a logical 1 level is applied
to the input, the current through Rg
is switched to the input transistor,
and a drop of 800 mV occurs
across R¢i;. The OR output becomes
—0.75 V and the NOR is —1.55 V.

The high speed of ECL circuitry
results from a number of design fea-
tures. First, since most of the logical
decisions are performed at the low-
impedance level of the common-emit-
ter node, and since the output im-
pedance of the gate is low, deterio-
rating effects of parasitics are mini-
mized. Secondly, the signal paths are
essentially through emitter-followers
and grounded-base stages which are
inherently fast. Finally, since the
gates are designed to prevent the

transistors from saturating, storage
time delay is completely eliminated.

ECL circuitry offers a relatively
large number of fan-igs as well as
fan-outs without seriously degrading
circuit performance. This is largely
due to the high input impedance and
low output impedance of the circuits.
Fig. 11 depicts how the propagation
delay varies as a function of tempera-
ture and power supply. It will be
noted that the propagation delay is
practically independent of the power
supply over a wide range of voltages
and that it increases only about 100
per cent as the temperature is varied
from —55°C to 125°C.

The transfer characteristics for
both the OR and the NOR outputs
of the ECL gate are shown in Fig.
12. The transition region is about
100 mV wide, the logic swing is 800
mV, and the noise immunity of the
circuit is 50 per cent which means
that the circuit can tolerate noise
signals of almost 400 mV at any of
the input terminals.

In ECL circuitry, noise generated
internally in ground and power sup-
ply lines is practically non-existent
because the current demand of the
circuits is constant, being indepen-
dent of the on or off state of the
gate. On the other hand, ECL cir-
cuits are susceptible to noise gener-
ated externally because of their
limited logic swing. Therefore, it is
generally necessary to shield the cir-
cuits themselves to keep out as much
external noise as possible.

Since logical operations in ECL
circuits are performed at the collec-
tor nodes, disturbances that appear
on the ground line are critical in
establishing logic levels and system
stability. Worst-case noise margins
for ground line disturbances as they
vary with changes in supply voltage
and fan-out at 25°C are shown in
Fig. 13. The manner in which input
signal line noise pulse thresholds vary
with noise pulse width and tempera-
ture is shown in Fig. 14. The ac noise
margins with noise pulses less than
about 35 ns generally are in excess of
250 mV. Smaller pulse widths that
would not affect a DTL or RTL cir-
cuit do affect the non-saturated logic
circuit because of its higher speed.

In addition to ECL circuitry’s
other attractions, the fact that the
logical function and its complement
are both available simultaneously at
the outputs is a further advantage in
systems design. It not only decreases
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This is the typical wideband noise figure of Sprague Types 2N4383
and 2N 4384 high-gain, low-level NPN silicon epitaxial planar tran-
sistors. Maximum NF is 2.0 db, one db lower than the type that has
been the industry’s most popular high-gain, low-level transistor.
Sprague Electric also offers Types 2N4385 and 2N4386, with
noise figures of 1.0 db typ., 3.0 db max.

Ll o 2N4383 2N4384 2N4385 2N4386

Chatsue s Sahgin (T0-5 Case) | (T0-18 Case)| (T0-5 Case)|(T0-18 Case)
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BVcEo Ic =10mA 30V min. 30V min. 30V min. 30V min.

IcBO Vce =30V 10nA max.| 10nA max. | 10nA max.| 10nA max.

lEBO Ves =5V 10nA max.| 10nA max. — —

hgg Vce=5Y, Ic=1uA 60 min. 60 min. — —

hgg Vce=35V, Ic=10uA 100 min. 100 min. 40 min. 40 min.

hgp Vce= 5V, Ic =1mA 120 min. 120 min. 100 min. 100 min.

Vce=5V,Ic=10uA, rg =10K(,
NF Bandwidth = 10 Hz to 15.7 kHz 2db max. | 2db max. | 3db max. | 3db max.

Evaluate these devices without delay. They’re available now
in production quantities. Call your nearest Sprague Electric
district office or sales representative for prices and delivery.
Or, write Marketing Dept., Semiconductor Division, Sprague
Electric Company, Concord, N.H. 03302,

SPRAGUE COMPONENTS

TRANSISTORS

PACKAGED COMPONENT ASSEMBLIES

SPRAGUE

THE MARK OF RELIABILITY

*Sprague’ and ' (2)" are registered trademarks of the Sprague Electric Co.

CAPACITORS FUNCTIONAL DIGITAL CIRCUITS
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INTEGRATED CIRCUITS PULSE TRANSFORMERS
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the processing time of the system, but
also reduces up to 30 per cent the
number of modules necessary to
achieve a given processing function.

Complementary Transistor Logic

Complementary Transistor Logic
(CTL) circuits were developed and
introduced by Fairchild for high-
speed logic applications similar to
those for which Motorola markets
the ECL circuits. The CTL circuits
utilize PNP emitter followers to per-
form the input diode (AND diode)
gating function. The gate is con-
trolled by very small amounts of cur-
rent at the input. The system features
low output impedance coupled with
high input impedance. Most of the
system operating current is utilized in
charging or discharging capacitance
during switching.

In these non-inverting, non-satu-
rating emitter-follower gates the out-
put follows the input almost imme-
diately. Delay time is small since
unnecessary charging of transition
capacitance has been eliminated. The
output follows the most negative in-
put, so that all inputs must be high
for the outputs to be high. If any
input is low, the output is low.

Oscillation from emitter-follower
circuits can be a problem in both
CTL and ECL but Fairchild has at-
tempted to overcome this problem in
CTL in several ways.

® The PNP transistors have been

designed to have a relatively low fr
of about 30mC.

® The internal node common to the
PNP emitters and the NPN base is
not made available. This fixes the
PNP capacitance and reduces induc-
tance at the NPN base.

® The PNP has a built-in collector
resistance.

® Damping resistors have been added
to help stability further and provide
pulldown current proportional to the
fan-out of the driving element to im-
prove its fall-time.

The advantages stressed by Fair-
child for CTL include:

1. High speeds without costly sub-
system packaging and sacrifice of
noise immunity;

2. Average delays per logical decision
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of 5-7 nsec using conventional non-
laminated printed circuit boards;

3. Operation with wide power sup-
ply tolerances of ==10 per cent.

Industry experience with CTL cir-
cuits indicates that while CTL is
slower than ECL, it eliminates many
of the problems experienced with
ECL. The type of circuitry involved
is very similar to the original AND-
OR gating.

Critics of CTL have found some
disadvantages worth noting.

1. While the emitter-follower exists
in both CTL and ECL, the stability
problem of having one emitter-fol-
lower driving another one, as in
CTL, may be worse than the sta-
bility problem of one emitter-fol-
lower, as in ECL.

2. The gain through the AND/OR
circuits is less than unity, thus limit-
ing the number of such stages that
can be cascaded.

3. An application where a string of
AND/OR operations might be bene-
ficial is in low-speed desk calculators

Fig. 13 ECL worst-case noise margins for ground line disturb-
ances as they vary with variations in supply voltage and fan-out

Fig. 15 Basic TTL circuit.

where the AND/OR module com-
municates with shift registers directly,
but this feature is a disadvantage in
most other systems.

Transistor-Transistor Logic

The logic line which most closely
approaches the speed of ECL circuits
is known as Transistor-Transistor
Logic (TTL or T*L). This circuitry
was originally known as Transistor-
Coupled Logic and was developed to
solve the problems of capacitive
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loading resulting from some packag-
ing schemes, such as flat-packs on
multi-layer printed circuit boards.
T?L is another modification of
DTL, in this case using faster re-
sponding transistors at the input
rather than diode elements. Also,
the T?L output typically has an ac-
tive pull-up as well as pull-down,
permitting high-speed operation to
be maintained while driving long
lines or capacitive loads. The basic
T2L circuit is shown in Fig. 15.
There are two basic approaches to
the fabrication of T?L — the output
threshold diode is located either in
the emitter leg or in the base of the
output pull-up transistor. When the
diode is located in the base circuit,
its associated substrate capacitance
is added at the collector node of Q.,
reducing response time at that node.
Locating the diode in the emitter
removes this capacitance and gives
an improved speed characteristic.
The diode’s location is also critical
in establishing the turn-off time of
the output pull-up device. If the
diode were located in the base cir-
cuit, its recovery time would have to
be slow to allow the charge to be
pulled out of the base circuit. This
need for a special slow recovery diode
can be eliminated by placing the
diode in the emitter circuit, thereby
reducing the turn-off time for the
output pull-up device. This time-
saving feature also helps to keep the
T*?L circuit’s internal noise to a mini-
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Fig. 16 Transfer characteristic of TTL gate circuit.

100

mum, which is particularly important
because this type of circuit tends to
generate a large amount of internal
noise. When the input logic levels
are changing the outputs to the low
logic state, the upper output device
turns off and the lower device turns
on. During this operation, there is a
short period of time when both out-
puts are ON at the same time. This
causes a low impedance across the
power supply, resulting in a surge of
current in the supply line. The width
of the current spike depends on the
length of overlap, and the overlap
can be reduced by improving the
turn-off time of the output pull-up
device. This is accomplished by lo-
cating the output threshold diode in
the emitter leg.

Typical T2L circuitry has a power
dissipation of 14 mW and a propa-
gation delay of 3 ns. The dc noise
margins are comparable to those of
DTL circuits and are approximately
400 to 500 mV. The transfer char-
acteristic is shown in Fig. 16.

In addition to T?L’s other advan-
tages, the fact that requirements on
the individual components within
the circuit are not very stringent
leads to good yields in production.

Metal : Oxide-Silicon Devices
Metal Oxide-Silicon Devices (MOS)

are particularly useful where large
arrays of logic devices are indicated.

Fig. 17 MOS turn-on characteristics at 25°C.

In very large arrays the MOS de-
vices use only 3 masks, one of which
is used twice. It has one shallow dif-
fusion. The normal bi-polar circuits
require 6 or 7 different masks. The
number of process steps is approxi-
mately 120 to 150 which is about
half the number required by a typical
bi-polar device. MOS devices, as
presently offered, have a frequency
limit of one megacycle whereas, bi-
polar circuits are in excess of 10
megacycles. Speeds within the MOS
arrays have been measured at much
higher levels. In fact, Fairchild has
reportedly observed propagation de-
lays of one nanosecond or less with-
in large arrays. The external buffer-
ing required for these arrays makes
it impossible to take full advantage
of this speed unless extremely com-
plex circuits are used. In the MOS
devices there are essentially two
types — the enhancement mode and
the depletion mode. A single MOS
device, as manufactured by Philco, is
an enhancement mode device which
requires approximately —5 V for a
conduction of 10 microamps of cur-
rent. See Fig. 17 for turn-on char-
acteristics.

A MOS device has characteristics
very similar to those of a pentode
tube and, consequently, its transcon-
ductance is a measure of gain and
not beta or hyg as for conventional
bi-polar transistors. The average
transconductance of single devices is
approximately 1,000 micro ohms. A
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Table 1

MANUFACTURERS’ LITERATURE

A complete set of manufacturers’ literature on integrated logic circuits can
be obtained by circling, on the reader inquiry card, the numbers listed

below.

COMPANY

Amelco Semiconductor, Mt. View, Cal.
Fairchild Semiconductor, Mt. View, Cal.
General Instrument Corp., Hicksville, N. Y.
ITT Semiconductor, West Palm Beach, Fla. .

Motorola Semiconductor Products, Scottsdale, Ariz.

National Semiconductor Corp., Danbury, Conn.
Philco Micro-Electronics, Santa Clara, Cal.
Radiation, Inc., Melbourne, Fla. ........... y

RCA Electronic Components & Devices, Harrison, N. J. ...

Ravtheon Co., Lexington, Mass. .....

Siliconix, Inc., Sunnyvale, Cal.
Sperry Semiconductor, Norwalk, Conn.
Sprague Electric, No. Adams, Mass.
Stewart-Warner Microcircuits, Sunnyvale, Cal. .
Sylvania Electric, Woburn, Mass. ...
Texas Instruments, Inc., Dallas, Texas ...
Transitron Electronic Corp., Wakefield, Mass. .
Westinghouse Molecular Electronics, Elkridge,
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circuit design using MOS differs
greatly from those using conventional
bi-polar transistors. A circuit is much
easier to design using MOS. For ex-
ample, a designer of digital circuits
knows that a MOS can operate as a
relay tree and can, consequently, base
his designs on this model.

The breakdown voltage of a con-
ventional MOS is identical to that
of a bi-polar transistor using the
same resistivity materials. This is
approximately 50 volts.

The principal advantages of MOS
devices can be summarized as follows.

® More functions per dollar in suit-
able arrays can be designed.

® Low power.

The gate has an input impedance of
greater than 10'® ohms. Therefore,
in applying 10 or 20 volts to 10*® or
10*¢ ohms, very little power is dis-
sipated in a typical circuit. This per-
mits a design of a device that has
minimum current-carrying capacity.
Generally speaking, the faster the
device must operate, the more power
it is going to take to perform the
function.

The principal disadvantages of
MOS devices are:

e Sensitivity to noise due to a rela-
tively poor noise margin;

® Limited speed capability in most
applications;
® Difficulty in obtaining circuits.

The manufacturing advantages of
MOS in terms of the relative simplic-
ity has already been described. On
the other hand, the fact that the de-
vice depends on an oxide layer makes
it more sensitive to surface impuri-
ties. Therefore, much greater pre-
cautions must be taken in manufac-
turing MOS devices. Only two or
three manufacturers are now offering
a significant number of MOS de-
vices and delivery, at best, has been
unreliable (with the exception, per-
haps, of shift registers). It is ex-
pected that this problem will clear
up with time.

Summary

The foregoing was a brief evaluation
of the major integrated circuit logic
forms that are now available from
IC manufacturers. It is recom-
mended that the reader supplement
this article with specification data
from these manufacturers. Complete
literature on each manufacturer’s
logic families can be obtained by
using the Reader Inquiry Card in
this issue. Table 1 is keyed with the
appropriate inquiry numbers.
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Hardware Features That

DR. IVAN FLORES,
Associate Professor of E. E.,
Stevens Institute,

Hoboken, N.J.

Editor's Note: Noting that only lately
are hardware designers beginning to
examine how computers could be
better constructed to help the user,
Dr. Flores explores some hardware
features that can facilitate software
operation and programming.

series of text books on both
hardware and software. Such
books as Computer Logic
(1960), Logic of Computer
Arithmetic (1963), Computer
Software (1965), and Comput-
er Programming (1966) are
among the industry’s stan-
dard references. All are pub-
lished by Prentice-Hall, Engle-
wood, N. J. As Associate Prof.
of EE at Stevens Institute, Dr.
Flores is now conducting re-
search in the effective use of
mass memories, as well as
teaching programming design
courses. His consulting work
includes a wide range of as-
sociations from maonufacturers
to software designers.

One of the leading
experts in computer
technology, Dr. Flores
is best known for his

48

This is a blue sky discussion. It investigates hardware
concepts which should be considered for inclusion in
computer hardware in order to facilitate certain pro-
gramming operations. These hardware concepts are:

Pushdown lists or pushdown stacks.
Threaded lists and their manipulation.
The associative memory.

Level control to keep track of what portion of a pro-
gram is being used.

PUSHDOWN LISTS

The pushdown list is a list structure where new items
are constantly placed on the end; items are accessed
serially in the reverse order from how they were placed
on the list. Pushdown lists are sometimes called stacks
because they work like stacks or plate lifters that you
find in cafeterias; take one plate from the top and the
stack of plates pops up, revealing the next plate. If you
want to insert more plates, you put them on top — a
last-in-first-out pushdown stack.

A pushdown list can be implemented in several dif-
ferent fashions. Burroughs has implemented it in their
B5000 and B5500 with two active registers plus a num-
ber of cells in memory. New words are entered into the
two active registers until they are filled and then words
are placed in successive cells in memory. The difficulty
is that when the two registers get full, use of the cells
in memory to form the list requires a relatively long
time. In order to make a pushdown list more effective
and to provide a substantial gain in hardware manipu-
lation of information, we may place the entire list in
very high-speed memory (100 or less nanoseconds per
word). With such a high-speed memory, manipulation
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of information in the list can be masked by other ma-
chine operations.

Why are we interested in pushdown lists? Here are a
few reasons, some of which we will further discuss:

® Keeping track of lists of data;

® Assembling and compiling;

® Level control;

® Implementing hierarchies of memory;
s

Information retrieval.

One specific application used by Burroughs involves pro-
gramming in Polish notation at machine language level.
A program is made of syllables placed in a sequence;
some syllables are operation codes, others are addresses.
For each formula, these syllables are entered into a
pushdown list and they appear in the program in the
same sequence in which they are placed in the push-
down list. Then, as the list is “popped” up, operand
addresses are scanned and operands brought from mem-
ory. Operations are performed also in sequence from
the list.

This may seem like just another way to program.
However, in order for it to work, the program informa-
tion had to be in proper sequence, and once we get the
problem construction broken up in this fashion it is a
simple matter for a computer with a pushdown list to
execute the program without further translation. The
steps required to convert a formal programming lan-
guage such as ALGOL into Polish notations are indeed
brief, and it is very easy to construct a compiler to go
from ALGOL or FORTRAN into Polish notation.

Addressing The Pushdown List

Control operations and the program itself may ad-
dress the list directly. We use “may” in the sense that

the designer may or may not make these facilities avail-
able to the programmer. It may be more effective for
some lists to be addressed implicitly. When a particular
control operation is called for, then the list implied by
that operation is automatically addressed. For instance,
the program could be stored in list and an “instruction-
fetch” operation would always imply the use of that
pushdown list. For list addressing, we use simple ad-
dressing logic which keeps track of the cell used; to
memorize, it increments the memory address counter to
get the address of the next cell. To recall information
from the pushdown stack, we refer to the item just
placed there — hence, we use the memory address reg-
ister as it stands. After recall, we push up the stack
automatically by decrementing the memory address
counter. We might have tags in a command which
suspend pushup. Further, we can make our pushdown
lists more elaborate by enabling multiple pushups.

Another feature which could be incorporated is a
small high-speed memory for storage of a program loop
(repeated subroutine) in progress. The loop memory
would be addressed by the program, which would store
the next (for example) eight commands in the loop
memory, or a repeat command would automatically
store the next group of commands in the loop memory,
from which it would be executed.

THREADED LISTS

The threaded list has enabled the computer to perform
thinking and conceptualization processes, and to attack
problems by association in the way that humans do. It
made possible, for instance, the work by Weizenbaum’
at MIT in programming a machine to do Rogerian psy-
chotherapy. The threaded list concept is not just a
laboratory scheme: it offers a wealth of new modes of
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performance in practical field applications.

A threaded list structure provides one means for hav-
ing a computer react like a human whose associations
can be reconstructed as list processes. How this func-
tion is performed in the human brain is another ques-
tion, but we can certainly empower the computer to
associate if we furnish it with threaded list structure
manipulation capability. Playing games, checkers, chess,
etc., requires associative ability. All kinds of accounting
and processing procedures, such as inventory control.
information retrieval, depend upon manipulations of
immensely large lists of information. Retrieval of a
multi-topic bibliography requires manipulation of lists.
If these are threaded lists it should be possible to manip-
ulate them easier. (There are, of course, other problems
to information retrieval, but if we provide a computer
with a list manipulation facility then maybe we can get
to work on the other problems.)

Threaded List Operation®

Each word of the threaded list stores three things: a
datum of interest; a pointer to the next word in the
list; and a tag which indicates whether this is a data
word or a branch word. There is no need to place
sequential words of the list in sequential cells in mem-
ory, which is why the list is called threaded; a word
connects to another word which may be physically very
distant or very close and the list just meanders back and
forth among words in the memory. The datum part of
the threaded list word may be a complete record or it
may be simply an address, in which case, a list word
points to the address of the desired record. To establish
a correspondence during the list search, some specifier
(the key), which is part of the record, is also in the
‘data part of our link word. To review, in the word we
have:

® Complete datum — the key and the address of the
data record;

® The pointer — the address of the next word;

e A tag which specifies whether this is a data word or
a branch word.

A branch word contains the tag which tells us that it
is a branch word and two pointers (addresses), which
enable us to branch into two sublists. We shall explore
the usefulness of this.

Avutomatic List Search Hardware

If the program directed a list search with automatic
hardware it would be delegated to a search unit. This
unit would receive the list starting word location and
the key of the desired item. The search hardware would
work with the main memory just as the rest of the com-
puter does, and memory access for list manipulation
would be shared with access by the rest of the computer.
This might be done by interspersing memory requests
among the various units. Alternatively, the list search
unit might have its own memory address register and
memory data register which would operate in parallel
with the main memory registers. In this case, we would
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have one bank of cores with two memory address reg-
isters, two memory data registers, and two controllers.
We would not have to worry about locking out informa-
tion if we check that addresses in the two memory
address registers are not identical, and arrange for pri-
ority operation if they were. There would be no other
conflict situations.

Another alternative is to provide a separate auto-
matic list search memory; all threaded lists are kept in
this list memory. This might be better since the main
frame would not be delayed during any list lookup.
None of these schemes should delay the computer; even
without multiprogramming we could look ahead, ie.,
when we want an item we would request it a number
of steps beforehand so it will be ready by the time we
really need it.

Hardware Operation

® Place the key (of the desired item) in a key register.

® Place start of list in the list register and in the present
pointer register.

® A use register exists but is not occupied initially.

The pointer register contents are transferred to the
memory address register and the first list word is
brought to the use register. The contents of the key
register are compared with the key portion of the use
register. If they are equal, our job is done — we have
located the desired list entry and we stop. The use
register now contains the datum (or its address). If the
contents of the key register do not equal the key portion
of the use register, we have not found the item. We
then extract the address pointer of the next word from
the use register and put it in the pointer register. With
a new pointer, we go to the indicated address, pull out
the next word, put it into the use register, and continue
as before.

Antecedent Linkage

When there is a word in the use register it contains a
link to its successor. However, there are times when we
also need the antecedent (predecessor) to the present
word. Let us pass the contents of the pointer register to
an antecedent register, and then renew the pointer from
the use register. This is useful when searching for an
item less than, or equal to, a given item, for example,
to enter an item onto a threaded list. If we wish to
file an item with key 29, and have found an item whose
key is 27, followed by an item whose key is 30, we
know that the item with key 29 must be inserted be-
tween 27 and 30. Therefore, we must link from the
antecedent of 30, which is 27, to 29; then we link from
29 to the successor of 27, which is 30. A similar pro-
cess is used for deletion of entries from the list. We
search for the item to be deleted, and when it is found
we link its antecedent with its successor. The insertion
and deletion processes may require the provision of a
space list to keep track of available memory locations.

With the addition of the antecedent register, we may
establish both these links after reaching the item with
key 30:
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® The antecedent register points at 27;
® The pointer register points to 30.

Branched List

When we come to a branch point while searching a
threaded list we have to make two searchers, one down
the right side of the list, and another down the left
side of the list. But, in addition, the right side may
have a right and left side, etc. We solve this problem
by introducing a pushdown list. When we reach a
branch item, we store that branch item address into a
“branch pushdown list”, tagging it to indicate whether
the right or left side is being explored. We then update
the pointer from (for example) the right side of the
branch item, which takes us down the right side of the
list. We continue searching as before. At the next
branch item we similarly tag it, put it in the branch
pushdown list, and continue. If we search all the right
sides and do not find the item, the search is not com-
plete. We “pop” up the pushdown list and get the
address of the branch item last used. Since the right
side was used, we extract the left side address and go
down the lefthand side of this last branch. When that
is exhausted we know that the item is not in the bottom
right or lefthand branch so we again pop up the push-
down list. Since we have used both sides of this branch
item, we throw it away and pop up the list again, con-
tinuing until the desired item is found or we have ex-
hausted all branches of the list.

A Special Record Memory

We could incorporate the threaded list in a special rec-
ord memory with self-contained controls, capable of
executing commands such as ‘“search”, “append”, and
“delete”. The command would be carried to completion,
and the record memory subsystem would then either
interrupt or wait for the central control subsystem to
remove the information. The record memory subsystem
would contain two storage areas — the threaded list
structure, and a larger area for the storage of large
data records.

For example, a “search” through a file in the record
memory requires the file starting address and the key.
The list hardware would sequence the threaded list for
that file, match the key, and store the datum (or the
data record) in a buffer area of the computer memory
for posting or other processing, under control of the
program.

ASSOCIATIVE MEMORY

The record memory described above represents an as-
sociative memory. To summarize briefly, the associative
memory is supplied with a portion of a datum for which
we are searching. The memory lookup hardware then
finds the datum for which the portion, the key, was
supplied, and places this information in the memory
data register. The uses of associative memory are al-
most unlimited. We could supply all kinds of tables to
a large enough associative memory, and, later, look-up

of an item in these tables is accomplished with a single
recal]l operation.

Translators

There are two kinds of translators, the assembler and
the compiler. For either kind of translation the pro-
grammer writes out, in source language, a description
of the program to be translated. This generally includes
symbolic addressing: quantities are given names which
are later translated into cell locations by the assembler
or compiler. The translator takes symbolic addresses as
they occur in the source program and stores them in a
list. In so doing, a cell assignment is made, usually
starting from the top of memory and assigning sequential
cells to the symbols as they occur. When a symbol is
detected in the program, we check to see whether it has
been previously encountered. If it is an old symbol, it
appears in the dictionary and is replaced in the program
step by the assignment that was made previously by the
translator. The way translators work today, as each
new item is added to the dictionary it is kept in order,
perhaps by an insertion sort; the next symbol that the
translator picks up can then be looked up more easily
by going through this dictionary, not from beginning to
end, but by a systematic search.

We can see how useful the associative memory would
be in this application. We make up our symbol dic-
tionary sequentially. Each symbol is entered, as it
arises, in the next slot in memory and the assignment
itself is recorded immediately. To examine each symbol
to determine if it has already been assigned, we put
the symbol in the key register and search the associative
memory. If the symbol is absent an assignment is made.
If there is already a cell number for that symbol, it is
provided by the associative memory.

To make the assignment of a symbol in the key reg-
ister, we enter the symbol into the first empty memory
cell, providing with it the assignment that the assem-
bler makes. This methodology is possible for not only
simple symbols as used with the assembler but symbol
sequences, blocks of symbols, and arrays (made, for
instance, in FORTRAN with a dimension statement).
Here we put the name of the array variable into the
associative memory, with not only an assignment of the
first cell but also an indication of the number of the
cells in the array. Whenever this symbol is encountered
again we access the associative memory and determine
if the symbol is present and, if it is present, whether the
assigned limits have been obeyed. For instance, if the
array is JOHN and we have assigned 10 cells to it, then
JOHN + 6 is certainly in the array but JOHN + 11 is
not, and this can be verified, very simply, with our
associative memory.

Loaders

The loader is furnished by the program with the names
of a number of subroutines upon which the program
will be calling. The loader then must bring in each
subroutine from the subroutine library, when it is called
out by the program. The loader locates the location of
the subroutine from the subroutine table wheére all sub-
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...we used to call it the “paper tiger

The new ADVANCE 6130, ready for
delivery at *34,500...

£

-

Last July we announced the ADVANCE 6130, specially designed for real-time
data acquisition and control applications.

At that time we couldn’t promise immediate delivery and frankly
called it our ‘‘paper tiger’’.

Right now our tiger is all hardware and purring smoothly. Software is also ready
with FORTRAN, symbolic translator, and a real-time and batch processing monitor.

With a 900 nanosecond memory cycle time and 16-bit data word (plus parity and
memory protect bits), the all integrated circuit 6130 computer can show its
teeth in outperforming all competitive machines, including those most

recently announced.

Should you like more information, please call or write: Computer Division,
Electro-Mechanical Research, Inc. 8001 Bloomington Freeway, Minneapolis, Minn.
55420. Phone: (612) 888-9581.
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routines are listed in order. If this table of contents of
the subroutine library were available in associative form,
then any call could be looked up and the subroutine
location in the library found immediately. Also, if the
subroutine call table at the front of the program was
placed in an associative memory, use of the subroutine
calls within the program might be made easier.

Supervisor

A supervisor also has a number of subroutines which it
calls upon when a crisis is at hand — for instance, if
the program gets into chaotic trouble which cannot be
remedied, a dump is called for. The dump routine is
found by going to a particular location within the
supervisor proper and then, from there, getting the
present location of the dump routine. This list of im-
portant routine locations could be stored in associative
memory along with other information, for instance, the
program re-entry point when exit is made to an inter-
rupt or other program or assemblers. All this informa-
tion is available by requesting it by its symbolic name,
and it is also stored in a manner which makes it easier
to update.

Input-Output Control System

The input-output control system manages all I/O opera-
tions, and usually contains a large number of subrou-
tines, whose jump joints could be stored in an associative
memory. Further, as in the translator, files and 1/O
devices could be given symbolic names. As these are
introduced they could be posted into an associative
memory so that reference to a file can be done sym-
bolically and names retrieved through association. Also,
the buffering of I/O devices is done by buffer pools
which are threaded lists of buffers — our threaded list
concept has already been applied. An associative mem-
ory can provide further aid to our buffering. If we
want to locate buffers for a given file, we go to the
associative memory, look up the file names, and pick
out the pointer to the string of buffers for that file. The
threaded list structure enables us to search only this
buffer list to find a free buffer or a desired full buffer.

LEVEL CONTROL

A level control is a method for keeping track of where
the program is. Hardware facilities have already been
implemented for handling interrupts so that a program
can go off to another routine, service I/O, and then
return at a later time to where it left off in the pro-
gram. We also have techniques which we call linkages
for leaving the program to go to subroutines. We use
index registers or the like to keep track of where we
leave the main program. Level control, on the other
hand, uses a pushdown list to keep track of where we
are in the main program. Additionally, it provides
great facility for doing this in depth — for skipping
around among many subroutines and then returning to
the main program.

Nesting

A subroutine may call upon another subroutine which
may in turn call on a third subroutine; this is multiple
nesting. To get from one subroutine to the next we
leave a trail and provide communication between inner
and outer subroutine.

With a pushdown list, each time we leave a program
segment we enter the absolute address of the jump point
into that list. We handle data in a similar fashion,
placing it either in the same pushdown list or, possibly,
into a separate list. Now when we go into an inner sub-
routine, we simply enter the absolute address, at which
we leave the first subroutine, in the stack. When we
go to the third inner subroutine we leave an address in
the pushdown list indicating where we left the second.
To go back to the second subroutine, we push up the
stack to find the place. To go back to the first one,
we push up the stack and find the place. To go back
to the main program, we push up the stack once more.

Not only does this technique permit keeping track of
jump points, it also allows data to be stacked right on
top of the jump point information; however, a separate
data stack simplifies data handling.

Interrupts

The above technique can be used for handling inter-
rupts. We can even handle a system of priorities for the
interrupts. Thus, while one interrupt is being handled
another one may come along; if the second interrupt
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Where Tung-Sol Tu-Pin
Subminiature Lamps help hold
down Computer Assembly costs

Electronic Associates, Inc., Long Branch, New Jersey, manufac-
turer of analog, hybrid and digital computers, is a major user of
Tung-Sol Tu-Pin molded base lamps. EAl has found that ease
of assembly and the negligible reject rate with Tung-Sol lamps
contribute substantially to production economy.

Designed especially for computer applications, these self-
mounted lamps provide transistor-like installation convenience.
Tu-Pin lamps have a molded nylon encapsulation instead of a
cemented-on base. No mounting socket is needed. Lamps are
soldered directly into the circuit board. Assembly may be done
with automated equipment.

Molding provides almost unlimited latitude for base configu-
rations. Bases may be color-coded for accurate identification.

More information about Tu-Pin lamps and other molded base
subminiature types will be supplied on request.

Molding permits extreme flexibility of base configuration.

TUNG-SOL sniesn
SUBMINIATURE LAMPS
Tung-Sol Division, Wagner Electric Corporation, Newark, N.J. 07104
*Registered Trademark of Wagner Electric Corporation

CIRCLE NO. 38 ON INQUIRY CARD
54

ranks higher in our priority scheme, it interrupts the
first interrupt. We enter the departure point from the
first interrupt into the level pushdown list. We service
the second interrupt, and, when finished, go back to the
first interrupt via the level stack. Finally, we push up
the stack again to go back to the main program. If, on
the other hand, the second interrupt, which just came
in, is to be postponed, we can put it in a “postponed
pushdown list” to wait until the first interrupt is serviced.

Multiprogramming

Another use for the level control is for multiprogram-
ming. If we are running several programs, a clock can
interrupt one program to explore if other programs re-
quire servicing. To service a new program, information
about the one interrupted is placed in a pushdown level
control list. Priorities of multiprogramming can also be
set up in a priority list which can be looked at when
changing levels or going from a lapsed program to a
new one.

SUMMARY

We have examined several hardware features for facili-
tating programming and software operation, with the
intent of making the hardware designer aware of the
needs of the software user and the program user, so that
he can make innovations in the hardware which will
materially aid the actual users. As an analogy, audio
equipment design should be based on the better enjoy-
ment of music by the listener. Similarly, computer de-
sign should be based on the computer user, the problem
poser, and the operator.

This objective has been notably lacking in past years.
For example, take the order codes and mnemonics used
in a typical computer. They were designed for ease of
implementation by the computer hardware. Conse-
quently, when the user came around to programming
with them he found little, if any, relation to the prob-
lems with which he had to deal. Only lately are we
beginning to examine how computers could be con-
structed to help the user. Those who determine what
features are to be incorporated into a computer must
balance the cost of a feature against its projected useful-
ness to the consumer. The inputs to this decision-
making process must come from the marketing man
(who should know most about the consumer), the com-
puter engineer, and the programmer. To get all these
people together, properly communicating, is certainly
an awesome task but one which must be performed if
attention is to be paid to the role that hardware design
can play in facilitating software operation and pro-
gramming. END
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Improved Wire Memory Matrix Uses Very Little Power

Miniature
Diodes

Two Etched Circuit /

Boards To Make Matrix
Connections to Word Lines n A p I,

77T 7777

Plated Wire and Return

THE PROBLEM

To design a compact, rugged memory matrix for
applications where available power is a limiting
factor. Ferrite core memories draw 10 to 15 watts
of average power and, in certain applications, this
is intolerable.

THE SOLUTION

A thin-film, plated-wire memory matrix that requires
little power yet has higher speed and greater stor-
age capacity than ferrite core memories of the same
size.

HOW IT'S DONE

A conducting ground plane of copper, magnesium,
or aluminum has grooves etched in it to receive in-
sulated plated wires. The wires are placed in the
grooves and are held by a coating of varnish or
other suitable material. Etched word lines, each
supported between two flexible one-mil glass epoxy

W i

554
L s

Ground Plane

Grooves Etched in
Ground Planes

e/ Word Drive Lines

(I Milglass
epoxy insulation

f each side)

TG

e Thirty Pairs per Inch of

Word Line in This Layer
and Equal Number in Top
Layer.

dielectric sheets, are wrapped around the ground
plane and connected to the matrix connections on
etched circuit boards bonded to the ground plane.
Two additional ground planes, with plated wires in
etched grooves, are placed on top of and beneath
the first ground plane to enable one word line to
serve many more bit lines.

NOTES

1. Placing the plated wire in this coaxial cable type
structure reduces its surge impedance.

2. This configuration quadruples the number of bits
per inch of word line over previous devices of the
same size.

PATENT STATUS

Title to this invention has been waived under the
provisions of the National Aeronautics and Space
Act (42 U.S.C. 2457 (1)), to Univac Division of Sperry
Rand Corp., P.O., Box 500, Blue Bell, Pa. END
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DEVELOPMENT OF A LOW-COST

TUNNEL DIODE

Breakthrough in Mass Production Techniques
Reduces the Price of Tunnel Diodes to 50 Cents Per Unit
In Large Volume Applications.

The first practical low-cost tunnel
diode — priced as low as $.50 in
large volume — is now available from
the General Electric Company. Des-
ignated the “TD700 Line” of tunnel
diodes, the devices are available
either in an axial leaded package for
conventional circuits or in pellet
form for use in hybrid integrated cir-
cuits. A combination of planar and
thin-film fabrication techniques is the
basis for the new, low-cost TD700
Line. The key development is a new
technique used to form the tunnel
junction with the germanium. The
new batch processing techniques for
manufacturing tunnel diodes are sig-
nificant for two reasons. Not only
can tunnel diodes now be priced at
practical levels, but the devices can
be supplied in pellet form for use
with hybrid circuits.

Significantly reduced power levels,
inherent with tunnel diode circuits,
have become increasingly important
as digital system designers increase
their emphasis on speed. Higher
speeds are limited by the intercon-
nection delay times and can only be
achieved with high packing density;
in these cases, a low-power tunnel
diode circuit is attractive.

Tunnel diodes offer advantages
over other semiconductors in both
speed and power consumption. Hy-
brid tunnel diode logic circuits have
already achieved clock rates of over
400 megahertz at power dissipation
levels under 40 microwatts. A hybrid
scheme for current mode logic is be-
lieved to be ten times faster than its
transistor counterpart.

Earlier Tunnel Diodes

The original tunnel diode, first in-
troduced in 1958, was a small device
that could act as a switch for steering
circuits and shift registers at speeds
approaching 100 megacycles. How-
ever, this early tunnel diode was
extremely expensive, with an average
price of $75 per unit. High cost was
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Evolution of tunnel diode fabrication is
shown here. On the left is the original
method where the sphere of semicon-
ducting material is balanced on a pin-
nacle of germanium. The sphere wedged

Germanium wafer illus-
trates the results of batch
processing techniques with
over 1000 individual units
per wafer.

between the germanium chip and the
header lead technique is in the center.
The right hand view shows General
Electric’'s new, low-cost TD700 batch
planar development.

Hybrid circuit application of new tunnel diodes in
pellet form. This type of hybrid logic circuit can
achieve clock rates of over 400 megahertz at power
dissipation levels under 40 microwatts.

inevitable since each tunnel diode
was made almost entirely by hand.
This diode consisted of a pinnacle of
germanium upon which the techni-
cian would place a sphere of semi-
conductor material. The operating
junction would be between the point
of the pinnacle and the sphere. Early
construction techniques were analo-
gous to balancing a golf ball on the
point of a golf tee. This tunnel diode

was unable to withstand even minor
shocks or temperature changes and
its cost was very high, making it im-
practical for many applications.
New methods of construction were
developed that solved some of these
problems. The sphere was wedged
between a germanium chip and a
header lead. This dual support of a
sphere between the germanium chip
and the header was further aided by
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potting the entire device in a special
material developed by General Elec-
tric, making the device more reliable
than its predecessor. Technical de-
velopments helped to lower the unit
price to an average of $2.80 per unit.
In spite of these improvements, the
device was still impractical for large-
volume applications.

New Batch Fabrication Method

The TD?700 line is a breakthrough in
mass production techniques. Work-
ing with several whole wafers of ger-
manium, a thin film of silicon oxide
is applied on each wafer by selective
masks. With the same technique, a
thin film of chromium is placed over
the oxide. The junction-forming
metal is then applied, overlapping
the chromium and the exposed ger-
manium. The wafers are passed
through an oven which simultaneous-
ly alloys all of the junctions. After
pelletizing the wafers, the pellets are
mounted to headers, the leads are
attached, and the units are etched
to the proper peak current values.
To complete the unit, a cap is
welded to the header. The new tun-
nel diodes can operate at clock rates
of 100 megacycles, with some func-
tions approaching 400 megacycles.
Tunnel diode power dissipation, a
nominal 40 microwatts per unit, will
allow the designer to develop logic
systems with many more functions
within a given space. The integrated
circuit revolution has contributed sig-
nificantly to high speed by permitting
very close spacing of transistors, mini-
mizing interconnection delays. High
heat dissipation and slower switching
speeds of IC’s are said to create a
market for the TD700 Line of hybrid
tunnel diodes. The TD700 pellets in
an IC function couple the short de-
lays of IC’s with the tremendously
higher switching speeds of tunnel
diodes.

New High-Temperature Line

A special material development now
allows General Electric to offer a
line of germanium tunnel diodes that
can operate at 125°C. Designated
the “TD700H Line” of tunnel di-
odes, these devices can now rmeet
military specifications. Both the
TD700 and the 700H tunnel diodes
are available with peak currents of
0.5, 1.0, 2.2, 4.7, and 10 milliamperes,

Rigorous Test Procedures

Special classifiers and test systems
have been developed to handle the
particular testing requirements of the
TD700 Line for production, engi-
neering, and quality control. One
example is a tunnel diode digital
classifier. This classifier is completely
digital in operation, using digital pro-
gramming of test conditions, an ana-
log-to-digital converter for parameter
measurements, digital programming
of classification limits, and a digital
comparator for minimum and maxi-
mum limit determination.

The classifier will perform up to
30 tests in any order for any of the
six static parameters of the tunnel
diodes. Static tests include peak cur-
rent and voltage, valley current and
voltage, and maximum forward-and-
reverse voltage, all of which can be
classified by the analog-to-digital
converter. A digital readout of the
parameters of the tunnel diodes is
used to classify them into any of
twenty types.

Average time for each test is about
70 milliseconds except where several
tests are made at the same test con-
dition. In this case, the time re-
quired for each repeat test is less
than 15 milliseconds. Peak point cur-
rent can be measured over the range
of 10 microamperes to 120 milliam-
peres with an accuracy of =0.25
percent, a reproducibility of ==0.05
percent, and a resolution selectable
to either three or four digits.

The same system can be used to
measure the tunnel diode parameters
for quality control or engineering
purposes. It provides a digital read-
out of one individual parameter or
all the parameters in a programmed
test sequence. The entire TD700
Line undergoes strict testing and
measurement procedures in order
that the failure rate of the devices
will be as close to zero as possible.

Summary

With tunnel diodes competitively
priced with other semiconductors,
designers will be free to use the de-
vice where it offers advantages over
other alternatives. Also, tunnel
diodes available in pellet form for
use in IC arrays allow the designer
to exploit the distinct advantages of
both the IC and the tunnel diode.

For more information on these new tunnel

diodes:
Circle No. 103 on Inquiry Card.
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*Exclusive “‘air pump’’ motor cooling
for longer operating life

T

e Centrifugal blower performance in a
compact axial flow fan e Long mainte-
nance-free life e Designed to meet UL
specifications (when thermally-protected)
® Five hladed air foil propeller design of
polycarbonate e Aluminum spider e
Fire retardant construction throughout
e Weighs only 5 pounds e 60 cps per-
formance on 50 cps (Model TN2) e Ball
hearings — lubricated for life.
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Write for design and performance details.
Priced as low as $23.50 in quantity. i

RUTRU MANUFACTURING
COMPANY, INC.
WOODSTOCK, NEW YORK  Oriole 9-2401
West Coast: Rotron/Pacific, Burbank, Calif.
nnTln" Canada: Aerovox Canada Ltd., Hamilton, Ont.
® Rotron Europa N.V. Breda, The Netherlands
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NEW PRODUCTS

COUNTER/CONTROLLER

New counter/controller offers add-
subtract capabilities said to be here-
tofore not available. The new unit
accepts without error, simultaneous
and overlapping add-subtract pulses.
Count rate is 120/min add, 120/min
subtract with rates up to 600/min
available. Total count above or be-
low preset always displayed. Decitek,
Inc., Worcester, Mass.

Circle No. 211 on Inquiry Card

COORDINATE MEASURING SYSTEM

A coordinate recording and measur-
ing system eases the programming
load on production NC machines.
The system employs a “Trav-A-Dial”
precision measuring instrument as
the basic transducer to detect motion
in increments as small as 0.0005".
This motion is translated into elec-
trical signals by a shaft encoder
housed inside the Trav-A-Dial. The
electrical signals are then translated
to a clear, front panel numerical dis-
play of encoder position. Simulta-
neously, this information is received
by the punch control unit which
operates the paper tape punch di-
rectly. The proper tape word format
is provided with a programming plug
inserted on the punch control unit
front panel. The two digital Trav-
A-Dials are mounted so as to mea-
sure two plane coordinate informa-
tion (X-Y). The operator, in pre-
paring his work piece tape drilling
program, moves a sighting crosshair
in an X-Y scanning motion until the
desired point or artwork is brought
under the crosshair. The operator
then presses a button which enters
the location automatically, in proper
code, on the tape. An NC tape is
thereby developed without interrup-
tion of machine production schedules.
IKL Inc., Newport Beach, Cal.

Circle No. 251 on Inquiry Card
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INCREMENTAL PLOTTER

A Model 6650 bi-directional incre-
mental plotter operates from a wide
variety of driving signals. Both the
pen and paper move independently
in discrete or incremental steps at
speeds up to 18,000 increments per
minute following an input which
supplies change of state information.
These inputs may include digital

computers, incremental encoders,
pulsers, four-wire commutated en-
coders, pulse generators, stepper

motor drive circuits, or contact clo-
sures. The pen will draw a continu-
ous trace or plot points utilizing the
programming inputs to the pen lift
circuitry. The Model recorder uses
fan-fold paper which can be sepa-
rated at perforated lines to yield 84"
x 11”7 or 11”7 x 17” notebook size
records. Because the paper is of a
fan-fold variety all portions of the
record may be read as one would
read a book. The recorder accuracy
is 0.002” and it may be either pow-
ered from ac or dc sources. Houston
Omnigraphic Corp., Bellaire, Texas

Circle No. 239 on Inquiry Card

SWITCHING/DRIVER DIODE

A new silicon planar epitaxial diode
featuring a whiskerless construction
and subminiature size, was designed
to provide high mechanical strength
and long-term stability in critical cir-
cuits. In addition, electrical charac-
teristics are maintained under high
temperature reverse bias conditions.
Called W-O-W for “without whis-
kers,” the diode is a high conductance
type for high speed switching and core
driver applications. Specifications in-
clude low junction capacity of 2
picofarads. The hermetically-sealed
package is a dual stud, fused glass-
to-metal design. Hughes Semicon-
ductor Devices, Newport Beach, Cal.

Circle No. 250 on Inquiry Card

TAPE-TO-TAPE CONVERTER

A tape-to-tape converter, Model
TTU can be programmed to con-
vert any 5 to 8 level input code to
any output code. The TTU consists
of a paper tape reader, electronics
package, and paper tape punch for
the code  conversions or reproduc-
tion of paper tape. The unit is
offered in 2 models, one-way con-
version or two-way conversion. Ap-
plications include code conversion
for subsequent transmission, com-
puter input, or numeric control of
machine tools. Digital Electronic
Machines, Inc., Kansas City, Mo.

Circle No. 273 on Inquiry Card

CIRCUIT CARD DRAWER
A horizontal equipment drawer with
a capacity of up to 60 circuit cards
is said to feature an unusual suspen-
sion system that allows complete ac-
cess to circuit cards, connectors, and
wiring. Designated the Model 500
“Tilt-File” Drawer, the unit accom-

modates 3 full-depth card files hold-
ing up to 20 circuit cards each. Ad-
ditional storage space is provided
for front-panel mounted accessories,
switch gear, and other equipment
and components. The hinged tilting
mechanism lifts to expose card con-
nectors and wiring for assembly, ser-
vicing, or system checkout without
removal of the drawer from a stan-
dard 19” equipment rack. The open
construction of the drawer provides
maximum ventilation area for system
cooling. Scanbe Mfg. Corp., Mon-
terey Park, Cal.

Circle No. 247 on Inquiry Card
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VIDEO DISC RECORDERS

Magnetic disc recorders will store
525-line video frames, one per con-
centric track, with high density.
Frames can be stored in the form of
analog video at frequencies up to 4.2
Mc, or digital video at 200,000 bits
per frame. One type, the F Video
Disc Buffer, stores up to 20 tracks
(frames) of video. There is a fixed
read-write head on each track, so
that any selection of recorded frames
can be simultaneously displayed on
separate consoles. Any frame can be
updated without disturbing the other
displays. High resolution black-and-
white and color video can be dis-
played by using more than one track
to store the frame. A second type,
the M Video Disc Recorder, uses in-
terchangeable cartridge discs, which
store 131 tracks (frames) of video on
each side. The single movable head
can be positioned by digital control
signals to record or reproduce any
frame on any selected side in an
average time of U3 second. High
storage density is achieved by a pro-
prietary technique of placing the
magnetic head in actual contact with
a thin-film plated disc without caus-
ing significant wear. A single track
can be scanned continuously for
thousands of hours with negligible
degradation in the quality of the re-
produced picture. Data Disc, Inc.,
Palo Alto, Cal.

Circle No. 236 on Inquiry Card

PUSHBUTTON SWITCHES

A snap-action, 2-position, momentary
pushbutton switch is described by the
manufacturer as the “smallest push-
button switch with the highest rat-
ings on the market today.” This
single-pole, double-throw, snap-ac-
tion, pushbutton switch has inductive
and resistive ratings of 7 amps, 125
volts, ac; 5 amps, 250 volts, ac; and
5 amps, 29 volts. The dc minimum
rating for low energy circuit applica-
tions is 10 micro-amps at 50 mw.
Two different terminals types are
offered: combination solder, quick
connect, single turret terminals; and
printed circuit terminals for direct
mounting to printed circuit boards.
The Arrow-Hart & Hegeman Elec-
tric Co., Hartford, Conn.

Circle No. 228 on Inquiry Card

AN INTERFACE BETWEEN TELEPRINTER CIRCUITS

Hoish 1300~ uri 13 P
FRESENLY, ELPCTRGNIES

m Uses magnetostrictive delay line with 2400 character minimum storage
for accepting, regenerating and temporary storage of signals
m [nput is standard 5 level teleprinter code, 7.0 units or longer in length,
60-200 wpm
m Output is standard 5 level teleprinter code, 60-200 wpm
Packaged on plug-in circuit cards
W Three separate assemblies
(a) Serial to parallel converter
(b) Electronic storage unit
(c) Parallel to serial converter
m Solid-state digital packaged for mounting in standard 19” relay racks.

Model 1300 Electronic Storage Unit / $2400.00 F.0.B. Frederick, Md. / 90 days delivery

FREDERICK ELECTRONICS CORPORATION
HAYWARD ROAD, P.O. BOX 502, FREDERICK, MD.
PHONE 30] 662 5901

National Electronic
Packaging and
Production Conference
Long Beach Arena
Jan. 31 - Feb. 1, 2, 1967
Booth #508
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Laminated Bus Bars For Noise Reduction

Flat bus conductors laminated with Eldre’s thin, rugged insulation will reduce electrical
noises which cause havoc in high speed, solid state equipment. Lower the inductance and
control the capacitance of your vital power distribution lines. Ground shields are inter-
leaved with the voltage-carrying conductors so that effective shielding can be adequately
provided. The terminations of each conductor, as shown, are for soldering but other types
can be incorporated into the bus design. This compact and completely molded bus can
replace a bulky harness and repetitive wiring.

Increase the reliability of your circuit with a bus system and obtain efficiency.

[[II[ /7 COMPONENTS INC. « 1239 UNIVERSITY AVENUE « ROCHESTER, N.Y. 14607
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NEW PRODUCTS

RESISTOR MODULES

Precision, high-power, cermet resis-
tor modules are said to be ideally
suited for use as a terminating re-
sistor module in digital circuitry.
Power is 9 watts per module with
each resistor capable of dissipating
over 100 watts per square inch of
resistor area through a copper heat
sink bonded to an aluminum sub-
strate. Combinations up to 24 out-
put pins on 0.125” centers are avail-
able on a single module. Accordingly,
assembly costs are reduced because
only the single module need be
handled instead of many separate
resistors. Resistance range is 20
ohms to 1 megohm, resistive toler-
ance is only =+=1.0% and TC
+200PPM/C. Special low resistance
values are available down to 10
ohms. Inductance is less than 10
nanohenries. CTS Research, Inc.,
Lafayette, Ind.

Circle No. 234 on Inquiry Card

DISPLAY TUBES

Feature of a new display tube is the
envelope width — a maximum of
0.75” — allowing the tubes to be
arranged at less than 0.80” center-
to-center. Optimum use of panel
space is thereby permitted, providing
more attractive displays. The Model
BA-840 is a 10-character display
tube, numerals 0 to 9; the BA-841
is a 10-character display tube, nu-
merals 0 to 9 with an independent
decimal point to the left of the nu-
merals; the BA-842 is a 10-character
display tube, numerals 0 to 9 with
an independent decimal point to the
right of the numerals; and the BA-
843 is a 2-character display tube,
symbols plus and minus. Baird-
Atomic, Inc., Cambridge, Mass.

Circle No. 277 on Inquiry Card
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LDX COMPUTER SYSTEM

Xerox Corp. moved into the EDP
field with a new unit for graphic in-
put to and printout from computers.
The new equipment, known as the
LDX/Computer Adapter, provides a
totally new capability for LDX
(Long Distance Xerography), the
company’s high-speed facsimile trans-
mission equipment. Graphic data
such as charts, graphs, or grids can
be fed into an LDX scanner, much
as they would be into an office
copier. Through the use of the adapt-
er, located near a computer any-
where in the country, the informa-
tion is converted into computer
language and either stored on mag-
netic tape or combined with other
information already in the computer.
Revised or up-dated information is
then reconverted through the adapt-
er and the LDX printer which re-
produces the data on ordinary paper

at speeds up to 500 pages (815" x

11”) per hour. The printer can be
located near the adapter and com-
puter or at a point anywhere across
the nation. Since the LDX com-
puter system needs no intermediate,
it can operate on-line (no time lag),
giving immediate graphic response
to the demand for information from
the computer. Model I is designed
to operate with the IBM System /360
Series, although adapters compatible
with computers manufactured by
other companies may soon be avail-
able. Since the LDX units can op-
erate over broadband communica-
tions links, it’s possible that a num-
ber of company locations could share
the same computer using LDX scan-
ners and printers as the input and
output devices. Lease price for the
LDX/Computer Adapter Model I
has been set at $1050 per month plus
a basic monthly charge of $1200 for
an LDX scanner and printer. Xerox
Corp., Rochester, N. Y.

Circle No. 258 on Inquiry Card

COMPLEX-FUNCTION IC

Five new complex-function digital
integrated circuits include a dual
adder, a quadruple adder, a divide-
by-12 counter, a 4-bit binary counter,
and a BCD-to-decimal decoder/
driver. Two of the complex ICs are
available in a new molded dual in-
line package featuring 16 pins. The
five new bipolar ICs are additions
to a family of TTL circuits. The
SN7482N dual adder performs the
addition of two 2-bit binary num-
bers. Sum outputs are provided for
each bit, and the resultant carry is
obtained from the second bit. The
monolithic dual adder is designed
for high-speed, multiple-bit, parallel-
add/serial-carry applications. The
implementation of a single-inversion,
high-speed, Darlington-connected se-
rial-carry circuit within each bit
minimizes the necessity for extensive
“look-ahead” and carry-cascading
circuits. Speed is 15 nanoseconds
carry time through two stages, and
35 nanoseconds add time. Price is
$5.75 in 100-999 quantity range.
Texas Instruments, Dallas, Texas.

Circle No. 256 on Inquiry Card

SHAFT ENCODER

A Model SC-24-7 shaft encoder con-
verts position angles into sine and
cosine for input to a digital computer
for computation of position coordi-
nates. Both quadrant and sign infor-
mation are also supplied. Encoder
output code is V-scan binary. There
are 128 readouts of the sine function
and cosine function per revolution.
Angular resolution is arc sine 1/128
(57'52") or the equivalent of ap-
proximately one part in 775 for a
single turn. Unit is a synchro-type
mounting, size 24 with a length of
2.085 inches. Litton Industries En-
coder Div., Chatsworth, Cal.

Circle No. 248 on Inquiry Card
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CORE MEMORY SYSTEM

A new product line of core memory
systems covers the cycle time range
of 0.6 usec to 1.0 usec. The basic
modular building block in the mem-
ory is 8,192 words by 20 bits using
20 mil ferrite cores in a 214D orga-
nization. Up to 4 memory modules
which include the core memory, sense
amplifiers, driver circuits, and in-
formation registers can be accommo-
dated vertically in a standard 19”
rack by 26” panel height. Monolithic
integrated circuits are used for all
the logic and the information and
address registers. The line drivers
and sense amplifiers utilize hybrid
microcircuits. Overall power con-
sumption for 8,192 word by 20 bit
module is only 295 w (for the 0.6
usec system). An associated memory
control module which includes the
timing circuits, address register, and
decode logic is also available. One
control module is capable of ser-
vicing up to 4 memory modules and
can be packaged in one of two me-
chanical configurations. One mounts
horizontally in the standard 19" rack.
The other has identical dimensions
of the basic memory module and
may be mounted vertically, adjacent
to the memory module (s). The lat-
ter may be employed when less than
4 memory modules are used. Power
supplies capable of driving 4 memory
modules and one control module are
also available for 19” rack mounting.
Burroughs Corp., Electronics Com-
ponents Div., Plainfield, N. J.

Circle No. 221 on Inquiry Card

TAPE TRANSPORT

New series of digital magnetic tape
transports was designed for on-line
operation with medium and high
performance computers. These “‘end-
user” units are direct replacements
for digital magnetic tape transports
operating on computers currently in
use with a greatly reduced cost to
the end-user, according to the com-
pany. Average cost of this end-user
transport is said to be less than 50%
of the manufactured equipment cur-
rently in use on computers. Mid-
western Instruments, Tulsa, Okla.

Circle No. 259 on Inquiry Card
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an IMC reducing plan.
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It moves
10,000 times its own volume
of air every minute.

Reduces your problems in designing
miniaturized equipment, the IMCube
fits within a one-inch cube and de-
livers 4% cubic feet per minute of
cooling air. For microcircuits, tran-
sistor heat sinks, airborne computers
and instrumentation, and other sys-

and reliability. Many airmovers are in
stock at IMC's Eastern Division. For
quick service contact the Sales Dept.
at 570 Main Street. Westbury, N.Y.
11591. Or phone (516) 334- 7070 If
you need data sheets for reference or
future projects, write Marketing Div.
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cooking up new ideas in electric motors.

Like the GT1612 that runs up to 60,-
000 rpm on hydrostatic air bearings.
Extreme accuracy in locating the be-
ryllium shaft helps make this possible.
Other specialties to help you serve
up exactly what's needed include in-
duction, hysteresis, torque, synchro-
nous, AC drive, DC drive and servo
motors, in the milli- to integral-horse-

mass-produced motors. For motors
for spacecraft, avionics, control, com-
puter peripherals and other systems,
contact IMC Magnetics Corp., Eastern
Division, 570 Main St., Westbury,
N.Y. Phone (516) 334-7070 or TWX
516 333 3319. If you need informa-
tion for future projects write IMC's
Marketing Div., at the same address,

the bottom of this ad.

power range, and without the m or circle the bingo number at
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NEW PRODUCTS

COMPUTER TAPE

A new magnetic tape is reported to be three to five times
as durable as any present computer tape. Designated
MRX-IIT computer tape, it has been extensively field
tested under the most adverse conditions in more than
50 different computer installations. According to the
manufacturer, all results showed MRX-III superior not
only in extra-long-life before permanent failure, but in
dropout activity. The new tape is available in bit-per-
inch densities of 556, 800, full-width 800, and 1600
(3200 fci). It is compatible with all computers and tape
handlers. Memorex Corp., Santa Clara, Cal.

Circle No. 214 on Inquiry Card

CATHODE RAY TUBE

A new, large-screen, flat-face, high-resolution cathode
ray tube was designed primarily for the scanning of, or
recording on, film. According to the company Model
L-4192’s large screen affords, for a given film size, re-
duced screen loading with resulting longer phosphor life,
reduced phosphor noise, and greater resolution than can
be achieved with smaller tubes. A special phosphor
deposition process is said to produce an exceptionally
blemish-free screen. The tube is electromagnetically
focused and deflected, and has a 40-degree deflection
angle. Spot size is 38 microns. The tube has a minimum
useful screen diameter of 834”, overall length of 26”,
and an outside diameter of 9%4”. Litton Industries’
Electron Tube Div., San Carlos, Cal.

Circle No. 213 on Inquiry Card

ELECTRONIC CALCULATOR

Second generation electronic calculator is three times
faster than its predecessor. Dubbed the IME-86, it is
said to be the first to offer up to seven random access
working/accumulating registers. Because of this exclu-
sive ability, the user for the first time can solve mathe-
matical problems, both commercial and scientific, just as
they are normally written on paper without re-sequencing
or re-arranging them to “fit” the machine. The new
machine also offers fully-automatic re-entry from all
registers — said to be another exclusive feature. The
IME-86 stores 16 digits, plus sign and decimal in each
of its registers. Keyboarded data may be verified after
calculating without reference to a printed tape. Another
unique feature is the ability to raise whole or decimal
numbers to a power with continuous visual proof of the
power index. Square root extraction of whole or decimal
numbers is instantaneous by the touching of a single key.
The calculator is priced from $1,445.00 to $1,995.00
depending upon features. IME, U. S. A., Inc., Los
Angeles, Cal.

Circle No. 232 on Inquiry Card
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IC TESTER

The need for widely-varying capabilities in an integrated
circuit tester is said to be answered in a new modular-
design test set. The Model 800 IC Tester can be ordered
with varied combinations of modules to give it optional
features or greater or lesser degrees of test capability.
The basic unit is a housing with a base, test socket, and
switches, to which can be added, in several combina-
tions: a 10x20 or 10x40 crossbar matrix, which allows
sequential testing of similar parameters without repro-
gramming; provision for up to five external inputs or
outputs; five analog or digitally-programmable power
supplies; panel readout meter and ranging switches; con-
nection for hook-up of external DVM or oscilloscope ;
internal resistance and capacitance loading; and a pulse
generator. The Model 800 tests all present IC configu-
rations, and is said to be designed to accommodate any
foreseeable future developments in the field. The Birtcher
Corp./Instrument Div., Monterey Park, Cal.

Circle No. 276 on Inquiry Card

MESSAGE DISPLAY

Message display subsystems include decoding, driving,
and display functions in a single package for less than
$5.00 per message in moderate production quantities.
A typical message unit displays 8 or 10 high-contrast,
white-on-black letters one-half inch high. These are
presented in continuous line without breaks or separa-
tions. Where more information must be presented a
subsystem is available with a total of 40 characters on
two lines or 105 characters on three lines. Displays with
heights from one-quarter to one inch or more are also
obtainable. In addition, any other line information, such
as symbols and schematics, that is photographically re-
producible can be displayed. In effect, these new units
are random access memory banks with display capability.
The message units have logic input requirements com-
patible with integrated circuitry and are interfaced easily
with most computers. Storage or electronic latching is
optional. Models are available for parallel or serial BCD
4-bit or 6-bit input. As complementary inputs are not
required, these message units are especially well-suited
for readout at remote locations. Components Division,
Raytheon Company, Lexington, Mass.

Circle No. 220 on Inquiry Card
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4 elements make RAYTHEON’S
engineering opportunities greater:

AREAS MAJOR PROGRAMS

LAND: Equipment Division — Radar and display sys- Heavy radars and displays
tems; communications and commercial data processing Digital PCM systems

§ equipment and systems. Airline Reservation Systems
AIR: Missile Systems Division — Ground-to-air and air- Prime for both Sparrow Ill and Hawk missile systems
to-air weapons systems and tracking radars. Nike-X (MSR)
§ SAM-D
SEA: Submarine Signal Division — Airborne, surface, Prime for BQS-13 Navy sonar
underwater systems. Transducer design

High resolution displays
Microelectronic circuitry

SPACE: Space & Information Systems Division — Space Apollo and LEM guidance computers

systems, subsystems and equipment for military and Polaris and Poseidon guidance electronics
non-military programs. Re-entry systems
ECM systems

Move to where the action is — for current programs and advanced generation concepts — at Raytheon.
Send resume with salary requirements to: Manager of Executive Placement,
Raytheon Company, Dept.cp 1, Lexington, Mass. 02173.

PR THEORS

EXCELLENCE IN ELECTRONICS

An Equal Opportunity Employer
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NEW PRODUCTS

MONOLITHIC SENSE AMPLIFIER

Improved integrated circuit techniques have made pos-
sible a new monolithic sense amplifier. These improve-
ments, according to the manufacturer, allow greater gain
stability with large variations in temperature, a narrow
“uncertainty region” over a wide temperature range, a
fast response time of 40 ns plus short recovery times of
50 ns with a 2 v common mode signal, and 80 ns with
a 400 mv differential mode signal. The sense amplifier
was designed to detect bipolar differential signals derived
by a core memory with cycle times as low as 0.5 micro-
seconds and to translate these signals into saturated logic
output signals. This MC15406 integrated circuit package
stage, differential amplifier — a dc restoration circuit
with facilities to adjust externally the input threshold
level from 10 to 25 mv without changing the width of
the transition region. When pin 6 of the 10-pin TO-5
package is held to —6 volts, the nominal threshold is
17 mv. Also included on this same monolithic die is a
DTL output gate which makes strobing the sense ampli-
fier possible from any saturated logic family. Motorola
Semiconductor Products Inc., Phoenix, Ariz.

Circle No. 233 on Inquiry Card

DC POWER SOURCE

Compact 10-amp source of 3, 4, 5, or 6 volts dc is fur-
nished in a package which plugs into a standard card
bin and requires no external heat sinking or blowers.
It employs what is called the Redule principle of output
voltage programming by connection of jumpers or trans-
former taps. The supply provides a regulation of 0.01%
plus 2 mv, a ripple below 1 mv peak-to-peak, and output
voltage adjustment of plus or minus %2 volt of pro-
grammed value, and a stability better than 1 mv per
8 hours. The high stability is achieved by using a high-
voltage, temperature-compensated zener diode voltage
reference and an integrated differential amplifier input.
The power supply is available with an optional built-in
overvoltage protection circuit. Power Designs Inc.,

Westbury, N.Y.
Circle No. 222 on Inquiry Card
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CRT DISPLAY

A high-speed, real-time modular CRT display system
permits user to “build his own” functional configura-
tion. Designated Series 9000 modular display console,
the new system features customer options of a customized
or any standard keyboard, five other control devices, four
display devices, and four different memory subsystems.
The console’s building-block design allows it to be inter-
faced with any digital computer installation and to pro-
vide exactly the control elements required for the specific
display application. Typical random position access time
is 4.0 ms to traverse and settle on any part of the-23-
inch CRT. Formatted characters are function-generated
at the rate of 4.0 ms each, including spacing. An op-
tional display device generates vectors at a constant line
writing rate of 0.75 inch per microsecond, including
full-screen diagonal vectors. Four types of store/refresh
memories are available: delay line, drum, disc, or core.
Choice of memory depends primarily on amount of data
to be handled. Tasker Instruments Corporation, Van
Nuys, Cal.

Circle No. 210 on Inquiry Card

IC MEMORY

New integrated circuit core memory system, the u-STORE
ICM-47, features a full-cycle time of 750 nanoseconds
and 400 nanoseconds access time. For 4,096 and 8,192
word memories, the maximum word length is 28-bits per
memory module. In 16,384 word systems, word lengths
up to 14-bits are available. For greater word capacity
and extended word lengths, a number of ICM-47’s may
be “stacked.” The unit uses a 274D, three-wire coinci-
dent current magnetic core array, and employs integrated
circuits for all logic, addressing, decoding, timing and
control, line driving, and sensing functions. Operating
ambient temperature range is 0C to 40C. Standard
operating modes include clear/write, read/restore, and
read /modify/write cycles. Output marker signals include
memory busy, information available, and end-of-cycle.
Circuit modules and wiring are easily accessible from the
front of the memory system which can be installed in
5%4"" of rack space. An optional power supply requiires
an additional 5%4” of rack space. The design of the
memory system 1is said to result in the elimination of the
numerous adjustments and controls normally required
by other memories. Honeywell, Computer Coontrol Div.,
Framingham, Mass.

Circle No. 268 on Inquiry Card
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When high performance
peripheral equipment
means a whole new ball game

in the

computer field

When the product you're developing has

can you
afford not

specific plans and objectives that you

everything it takes to be a real winner, tO be On yourself help generate...to circulate
you know it. Like they knew it back in freely in a small, closely knit organiza-

1959 in the copier field. Like we, in the
computer equipment field, know it today. t

And what we know is that the peripherals

computers by a significantly larger factor.
If that's exciting news filled with tremen-

dous portents of growth and success, it's team ®

nothing to the excitement of actually work-

ing here right now. Because here, to a truly excep-

tional degree, you’ll have the opportunity to be

genuinely creative. .. to go through entire product cy-
cles with state-of-the-art products...to work toward

tion made up of highly innovative people from
a wide spectrum of technical disciplines and to
make contributions in not one, but many areas.

we’re working on are so good they can bt hd In fact, here, you're likely to develop a
be expected to increase the utilization of Wlnnlng high degree of familiarity with everything

from high speed integrated circuit buffers
to high speed paper handling.

So if you'd like to be on the winning
team, working with the already successful
product-oriented commercial business that’s about
to put the computer peripheral equipment field in
a new ball park, why not look over our jobs and then
drop us a copy of your resume.

There are immediate openings at Senior,
Intermediate and Junior levels:

MECHANICAL ENGINEERS

For Senior positions an advanced degree
in Mechanical Engineering is preferred
coupled with at least 5 years’ experience
in product development of computer in-
put/output devices, e.g. high speed print-
ers and punched card form handling
equipment. Experience in high speed
automatic machinery utilizing advanced
techniques is acceptable.

Additional openings for MFE’s with 2-4
years spent in automatic machine design
(some background in product develop-
ment preferred). Also, positions for junior
Mechanical Engineers with up to 2 years’
engineering experience and a definite in-
terest in product development.

SENIOR SYSTEMS DESIGN

ENGINEERS, EEs, MEs.

Advanced development; component de-
sign and analysis; product performance
improvement; reliability analysis; cus-
tomer proposal.

PRINTER READER BUSINESS SECTION

APPLIED PHYSICISTS, DEVELOPMENT
ENGINEERS, MATERIALS CHEMISTS
Diverse openings for advanced degree
holders with at least 5 years’ experience
in design and construction of experi-
mental devices including test and meas-
urement. A proven record of accomplish-
ment is required.

Please write or call collect (215)
WA 3-4251, Mr. Robert Lipp at General
Electric Co., Printer Reader Business Sec-
tion, Room 36A, 511 N. Broad Street,
Philadelphia, Pa. 19123,

GENERAL @3 ELECTRIC

An equal opportunity employer M/F
CIRCLE NO. 900 ON INQUIRY CARD



NEW_PRODUCTS

DECADE COUNTER/DISPLAY

A bright, clear in-line numerical dis-
play (plus decimal point), base pre-
set, and 8-4-2-1 bipolar BCD outputs
are some of the features of a new
high-speed, forward-backward de-
cade counter. The Model IC-803
will accept forward, backward, and
reversing signals, either periodic or
aperiodic, over the range of 0 to 3
MHz and requires no additional cir-
cuitry or modules for reversing. Since
the unit has no reversing delay, it
will change count directions at the
full 3-MHz counting rate. Packaged
in modular form, the 3” x 1”7 x
634” unit is available individually
or mounted, with other similar units,
in complete modular packages for
OEM instrumentation applications.
Janus Control Corp., Waltham, Mass.

Circle No. 201 on Inquiry Card

MULTILAYER PRINTED CIRCUITS

A multilayer printed circuit board of
15 layers is intended for use in EDP
applications. It retains compact di-
mensions due to precision techniques
which allows 7000 holes to be placed
in a area only 10” x 18”. This
board, which is 0.125” in thickness, is
fabricated to the Institute of Printed
Circuit Specifications. Methode Elec-
tronics, Inc., Printed Circuit Divi-
sion, Chicago, IIL.

Circle No. 266 on Inquiry Card

BINARY CONVERTER

With a new high-speed binary to
BCD converter binary inputs with
any number of bits up to 30 can be
converted to the BCD equivalent in
25 to 45 usec. The converted binary
data can be displayed on the front
panel in decimal form with Nixie
display tubes or with incandescent
lamps in BCD form. The input bi-
nary code can be either in serial or
parallel format. Electronic Engineer-
ing Co., Santa Ana, Cal.

Circle No. 200 on Inquiry Card
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TAPE VERIFICATION

A new high-speed perforated tape
verification and duplication station,
the System 800, verifies and dupli-
cates tapes from one through eight
channels in any code structure at a
speed of 120 characters per second.
Two readers, a perforator, and a
logic module are combined to form
the System 800. The system can be
used to verify or duplicate tape auto-
matically or verify two tapes and
perforate a third tape simultaneously.
Errors can be corrected through use
of the bit insert switch. There are
5 modes of operation: Duplicate —
direct duplication of the prepunched
tape in the master reader on a bit-
for-bit basis at 120 characters per
second; Verify — a bit-for-bit com-
parison of two tapes using both

readers to insure that the tapes are
identical (if the tapes are not identi-
cal the reader will stop on the char-
acter in error and the bit indicator
lights display the data characters in
each reader); Verify/Duplicate —
verification between two tapes and
duplication of a third tape: Bit
Echo/Duplicate — duplication of
tape in the master reader with simul-
taneous verification of the duplicated
tape as it is being punched in the
perforator; and Bit Echo-Verify/
Duplicate — duplication of tape in
the master reader after verification
against a second tape in the verify
reader with simultaneous verification
of the duplicated tape as it is being
punched in the perforator. Tally
Corp., Seattle, Wash.

Circle No. 249 on Inquiry Card

MEMORY DRUMS

New magnetic memory drums can be
modified to any application or spec-
ification for memory storage. In-
dividual wunits are custom built,

modified from the basic design to
meet customer specifications. Cur-
rent memory capacity is 1200 tracks
of 50,000 bits/track (Manchester)
with two flux reversals/bit. Speeds
range from 720 to 12,000 rpm. Syn-
chronous, nonsynchronous, and vari-
able-speed drums are available in all
sizes to operate at all basic speeds.
Additional specifications include a
clock frequency of up to 2 MHz, a
bit packing density of up to 1000/in.,
a track pitch down to 0.020 in., a
track width down to 0.010 in. Flying
heads require no radial adjustments
and can be installed, removed, or
tangentially adjusted without stop-
ping drum. Western Magnetics,
Glendale, Cal.

Circle No. 224 on Inquiry Card

IC MULTIPLEXER

New multiplexer switch was con-
structed using hybrid integrated cir-
cuit manufacturing techniques. Con-
tained in a standard 12-pin TO-8
can, it is designed to plug into min-
iature sockets which eliminates the
necessity of soldering. The plug-in
design is said to reduce maintenance
time and cost to a minimum. The
switch has a high off impedance of

100 megohms with less than 0.5
nano-amps leakage at full scale in-
put. The device uses a Fet as a

.switch and contains a two-term AND

gate. The switch plugs into a mother
board capable of accepting from 1
to 32 multiplexer switches. The
mother board is 8.0” by 12” in size
and contains attenuators and filters
for 32 switches. Redcor Corp.,
Canoga Park, Cal.

Circle No. 204 on Inquiry Card
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All of our staff is engaged in one
effort— the development of prac-
tical solutions to state-of-the-art
problems in complex signal proc-
essing. Our customers are work-
ing at the leading edge of
research and development in bio-
medical monitoring, oceano-
graphic technology, speech
analysis and hybrid simulation
systems.

Adage has increased its sales
each year since its beginning,
eight years ago. These sales have
not been dependent on one nar-
row area of product success, nor
on one section of industry or
government. The long-term fore-
cast of continuing diversification
and growth at Adage assures the
professional engineering and sci-
entific programmer of a reward-
ing, stimulating career with a
small, profitable and rapidly ex-
panding computer manufacturer.

The continued acceleration of
Adage’s growth rate has created
professional opportunities across
the board for engineers and scien-
tific programmers with digital,
analog or digital/analog experi-

ence. The positions don't fit into
pat job descriptions. Titles such
as Circuit Designer, Applications
Engineers, Systems Engineer and
Scientific Programmer take on
another dimension at Adage.

Our Ambilog 200 computer com-
bines the best of both analog and
digital techniques. Unlike conven-
tional machines which were in-
tended for manipulating numeric
data, Ambilog 200 was designed
right from the start for signal
processing. Signal processing,
which encompasses data acquisi-
tion, monitoring, editing, analysis,
recording, and display, generally
requires efficient handling and
high-speed processing of analog
as well as digital data. Ambilog
200 with its flexible analog/digi-
tal interface and poweful hybrid
structure is ideal for such appli-
‘cations.

In addition to the unique Ambilog
200, Adage systems and compo-
nents include the 770 LINKAGE
SYSTEM, the heart of several
aerospace simulation systems;
ANALOG-TO-DIGITAL CON-
VERTERS and state-of-the-art
data systems.

What can Adage do for you? It
could change your whole career.
Whether or not you belong at
Adage can't be decided without
visiting with us, seeing our people
at work, and discovering areas
of mutual benefit.

Immediate positions exist in

e Computer Applications
(Boston, Chicago, Dallas)
Computer Sales
(Boston, Chicago, Dallas,
Washington, D.C.
Los Angeles, San Francisco)
* Analog Circuit Design
* Digital Circuit
& Logic Design
* Production Management
¢ Contracts
Administration
* Technical Writing
* Scientific Programmers

v

The final word rests with you.
We believe our opportunities are
as unique as our products. To ar-
range for a personal discussion
with appropriate members of our
staff, forward a resume to Mr. M.
D. Brazis or call collect to (617)
783-1100.

L A cx gy

1079 Commonwealth Avenue
Boston, Massachusetts

An Equal Opportunity Employer
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CD HANDBOOKS

“CAUSES AND CURES OF NOISE IN DIGITAL SYSTEMS”

A 56-page, pocket-size, design reference handbook gives basic guideline
rules and design tips for eliminating or minimizing noise in digital systems.
The discussion is divided into 3 sections: Part 1 — Systems Design Con-
siderations; Part 2 — Noise Elimination in Digital Modules; Part 3 — Con-
trol of External Noise. Price: $1.75 per copy

“TELETYPEWRITER FUNDAMENTALS HANDBOOK"

A 32-page, pocket-size, handbook explains the basic principles of tele-
typewriter equipments — how they operate and how they are used. A
glossary of teletypewriter terminology and descriptions of typical machines
are included. Price: $1.50 per copy

COMPUTER DESIGN PUBLISHING CORP.
BAKER AVE., W. CONCORD, MASS. 01781

Gentlemen:

Enclosed is $.. s ais check to cover my order of the following:

copy(ies) of “Causes and Cures of Noise . . . .” at $1.75 each
____copy(ies) of “Teletypewriter Fundamentals Handbook” at $1.50 each

B e s oot S 2o o g S TR F AL M) S L gt
COMPANY
ADDRESS
CITY

.........................................

........................................

INFORMATION SYSTEMS
SCIENTISTS AND ENGINEERS

Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas:

@ ARTIFICIAL INTELLIGENCE, pattern recog-
nition, trainable systems, adaptive logic.

@ COHERENT OPTICAL PROCESSING, holo-
graphy, spatial filtering, optical correlation,
electro-optical systems.

@ DIGITAL AND ANALOG COMPUTERS, sys-
tems analysis, logic and circuit design, real-time
computer control.

@ AUTOMATIC CONTROLS, information theory,
control theory, circuit and servo analysis,
correlation techniques.

@® COMPUTER PROGRAMMING, mathematical
analysis, scientific computing.

Assignments involve research and development in automatic extraction of information
from photographic records, image processing and analysis, adaptive and trainable
control systems, digital and hybrid computing techniques, and advanced real-time
computer control applications.

Located in progressive suburban Detroit. Call collect or send resume to our Personnel
Director.

Research Laboratories Division
Southfield, Michigan « (313) 353-3500

An equal opportunity employer

wendp”

CORPORATION
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NEW PRODUCTS

MATCHING RESISTORS

TC matching of pairs or sets of resis-
tors assures tracking within=+=1,ppm/
C over a range of —55C to + 125C.
Resistance values of the resistors can
be made from 100 ohms to 120K
ohms. This tracking capability is said
to make resistor combinations ideal
for precision bridges, BCD ladders
for A-D or D-A conversion, voltage
dividers, summing networks, binary
ladders, and other applications. Avail-
able with standard #0.019% absolute
tolerance, the resistors are noiseless,
non-inductive, and ultra-stable for an
indefinite period of time. Vishay Re-
sistor Prods., Malvern, Pa.

Circle No. 269 on Inquiry Card

COMPUTER TAPE

A new computer tape is said to offer
a major advance in long-term relia-
bility. Called “Scotch” Brand No.
7717, the new tape is certified error-
free at all bits-per-inch densities up
to and including 1600 bpi (3,200
FCI). A special oxide binder for-
mula enables the product to deliver
greatly extended error-free perfor-
mance under heavy usage as well as
the temperature and humidity ex-
tremes encountered during shipping
or long time storage. 3M Co., Mag-
netic Prods., St. Paul, Minn.

Circle No. 216 on Inquiry Card

X-Y PLOTTER

A single range 11”7 x 17”7 X-Y re-
cording system is said to be particu-
larly suited for displaying outputs
from special-purpose systems. Access
to data input connections and certain
controls is from the rear to facilitate
system application. All primary con-
trols are accessible from the front.
Features of the new plotter include
a #=0.1% of full-scale static accu-
racy, a 10” x 15” plotting area, and
a 20 in./sec slewing speed on each
axis. Any sensitivity between 1 mv/in.
and 20V /in. may be specified by the
customer for each axis; otherwise,
100 mv/in. is standard. Electronic
Associates, Incorporated, W. Long
Branch, N. J.

Circle No. 203 on Inquiry Card
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POWER SUPPLY MODULE

A new universal regulated dc power
supply is said to be capable of re-
placing over 102 equivalent slot
modules. The Model UPM-11 con-
tains two independent sources, each
providing 0 to 16 VDC at 1 amp.
Output voltages and operating modes
are determined by the wiring of the
mating connector. No addition of
components or shifting of internal
jumpers or transformer taps is re-
quired. Output voltage may be se-
lected by the mating connector in
discrete 1-volt steps from each
source. Two 25-turn interpolation
potentiometers provide intermediate
settings. The sources may be con-
nected in series for double output
voltage, in parallel for double output
current, or symmetrical to ground
for operational amplifiers. Each
source has a regulation better than
0.01% plus 1 mV, ripple less than
1 mV peak-to-peak, response time
less than 30 ms, operating tempera-
ture range of 0 to 50C (0 to 60C
with derating) and temperature co-
efficient less than 0.015% plus 1 mV
per C. Power Designs, Inc., West-
bury, N. Y.

Circle No. 252 on Inquiry Card

PUSHBUTTON SWITCHES

Panel mounted pushbutton switches
feature a building-block concept for
design and application versatility.
Each unit may be ordered with a
choice of colored, removable push-
buttons in 74” or 5/16” diameter,
colored facing nuts with convex or
concave front surface, and snap-on
switch modules in 2PDT or 4PDT,
alternate or momentary action. Parts
may be ordered separately or as
completely assembled units. Desig-
nated the Series 19, these new
switches are said to be easily mounted
to a panel through a single cut-
out. They are provided with a key-
ing washer which locks them in
place to prevent rotation. Switch
modules can be wired separately and
then snapped into place on the
mounting bracket for ease of installa-
tion. It can also be easily removed
for wiring changes without disturb-
ing the panel mounting. Master
Specialties Co., Costa Mesa, Cal.

Circle No. 237 on Inquiry Card
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(S( offers exciting

technically oriented
SALES ENGINEERS

Highly qualified systems engineers
are invited to inquire for field sales
positions in the following areas.

BOSTON ORLANDO
PHILADELPHIA  HUNTSVILLE
LONG ISLAND HOUSTON

NEW JERSEY ALBUQUERQUE
CHICAGO SAN FRANCISCO
DAYTON LOS ANGELES

Professional Salesmen with experi-
ence will find a rare opportunity to
contribute to the continued success
of a medium sized company and
receive high rewards for results. Ex-
cellent commission with draw and
expenses.

Engineers must have BSEE with
thorough understanding of funda-
mentals, to sell the most complete
line of DTL IC Logic Cards in the
industry.

Some design experience in digital
field is helpful and a knowledge of
digital components including, inte-
grated Circuits will be required.
SC offers a factory tralninfg pro-
gram and many fringe benefits.

A successful applicant must be a
self starter with abilities to organize
and fully utilize his time to best
advantage. Send resume and refer-
ences in first letter. Local inter-
views will be arranged.

EQUAL OPPORTUNITY
EMPLOYER

California Systems
Components, Inc.

9176 INDEPENDENCE AVE.,
CHATSWORTH, CALIF. 91311
(213) 341-1050

A/D and D/A CONVERTERS POWER SUPPLIES
MOUNTING HARDWARE  ANALOG AND DIGITAL
INTEGRATED CIRCUIT LOGIC CARDS
DIGITAL SYSTEMS  COMPUTERS
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@ LITERATURE

Magnetic Recording

Copies of a technical article entitled
“Skew and Its Effect Upon Mag-
netic Recording” are available from
a magnetic recording equipment
manufacturer. The 12-page report
covers the definition of skew, its ef-
fect on magnetic recording, the causes
of skew, and techniques for the mea-
surement of skew. Dartex, Inc.,
Santa Ana, Cal.

Circle No. 325 on Inquiry Card

Incremental Recording

An 8-page bulletin describes incre-
mental magnetic recording and its
place in modern data acquisition
systems. Beginning with incremen-
tal recording fundamentals, the bul-
letin compares the relative costs,
reliability, speed, and other impor-
tant factors between various record-
ing methods. Continuous and incre-
mental reading options as well as a
new “Flux-Check” method of veri-
fication of data from the tape are
described in detail. Pointers to be
remembered in the selection of incre-
mental recorders and a partial list of
users are included. Kennedy Com-
pany, Pasadena, Cal.

Circle No. 313 on Inquiry Card

Control Computer System

New intermediate-size process con-
trol computer system is described in
a 4-page brochure. Designated the
Prodac 250, it is a high-speed real-
time control system with typical ap-
plications in the steel, electric utility,
and petro-chemical industries as well
as in automatic warehousing and
repetitive manufacturing. The bro-
chure describes the capabilities of
the new system, lists hardware and
software features including simpli-
fied control programming using For-
tran IV, and also include§ applica-
tion information, dimensions, and
specs. Westinghouse Electric Corp.,
Pittsburgh, Pa.

Circle No. 330 on Inquiry Card

Miniature Components

A 52-page engineering catalog pre-
sents a wide selection of miniature
pushbutton and rotary switches,
binding posts, test jacks, sockets, and
module cases. Included is such tech-
nical reference data as useful life
and failure criteria; contact and in-
sulation resistance; rotational torque
or actuating force; effect of ambient
temperature; effects of altitude; etc.
Grayhill, Inc., La Grange, Il

Circle No. 309 on Inquiry Card

Megabit Core Memory

A 10-page brochure describes a ran-
dom-access large-scale memory sys-
tem with access and cycle times of
300 and 650 nanoseconds, respective-
ly, and a storage capacity of over 1
million bits — 16,384 words of up
to 84 bits. Called the Nanomemory
650, the system is intended for real-
time or high speed computers and
checkout systems. Among items
covered are the use of 214D selec-
tion techniques, input and output
pulses and levels, electrical charac-
teristics and timing requirements,
timing and worst case power con-
sumption charts, self-test capabilities,
and a functional diagram. Elec-
tronic Memories, Hawthorne, Cal.

Circle No. 310 on Inquiry Card

Integrated Circuits

A 16-page condensed catalog on dig-
ital and linear integrated circuits in-
cludes typical performance charac-
teristics, schematic, power supply
requirements, packaging, operating
temperature range, and primary area
of application. Also included is a
full description of a systematic uni-
formity and reliability evaluation
program that is said to assure speci-
fied performance, uniformity, and
reliability in the ICs. Signetics
Corp., Sunnyvale, Cal.

Circle No. 320 on Inquiry Card
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Core Memory Stack

Technical data sheet describes an
economical core memory stack for
military and space applications in
which both a fixed program nonde-
structive readout (NDRO) and a
destructive readout (DRO) scratch-
pad memory are required. The ap-
proach is compared with the normal
rope-core memory combination, with
discussion of such advantages as re-
duction of selection and drive cir-
cuitry, unlimited ratio of DRO to
NDRO storage and cycle times, vol-
ume, and power requirements that
are equal to or less than conven-
tional DRO-only coincident current
stack. Data sheet covers construc-
tion, operation, and performance.
A wiring diagram illustrates typical
x and y drive line wiring for DRO
and NDRO sections. Electronic
Memories, Hawthorne, Cal.

Circle No. 326 on Inquiry Card

Electronic Hardware

“Product Information for Design
Engineers,” a 28-page booklet covers
a full line of products and fabri-
cating services. Products include in-
dustrial laminates, electronic hard-
ware assemblies, vulcanized fibre,
fibreboards, specialty papers, and
materials-handling products. In ad-
dition to typical product applications
which are used to highlight material
properties and characteristics, case
histories in the problem-solution
format show how product use can
cut manufacturing costs or increase
value. Spaulding Fibre Co., Inc,
Tonawanda, N. Y.

Circle No. 329 on Inquiry Card

Digital Modules

A 48-page technical catalog includes
physical characteristics, operating
specifications, related equipment, de-
sign aids, and application notes for
a line of 28 encapsulated digital
modules. Typical modules include
most configurations of flip-flops,
NAND/NOR gates, relay and in-
dicator drivers, voltage comparators,
power drivers, and multicircuits. En-
gineered Electronics, Santa Ana, Cal.

Circle No. 332 on Inquiry Card

Data Communications

An 8-page engineering bulletin ex-
plains the equalization of telephone
lines to make them suitable for high
speed data communications. The
bulletin discusses the basic problem
of delay distortion and delay equal-
izers and considers various methods
of employing equalization devices.
Rixon Electronics, Inc., Silver

Spring, Md.

Circle No. 331 on Inquiry Card

Thumbwheel Switches

New 54-page thumbwheel switch
catalog includes descriptions of com-
pany’s complete line. The catalog
contains truth tables showing codes
and electrical output configurations,
dimensional sketches, standard per-
formance specifications, new revised
prices, order blanks, and typical ap-
plications. Digitran Company, Pasa-
dena, Cal.

Circle No. 306 on Inquiry Card

Hybrid Computers

A family of totally integrated, gener-
al-purpose hybrid computers is de-
scribed in a new 16-page technical
bulletin. Featured is an in-depth dis-
cussion of how a hybrid computer
has been used to solve a complex
chemical processing problem, con-
cerned with the refinement of chem-
ical processes involving the interac-
tion of a number of different chemical
and petro-chemical compounds. Sys-
tems Div. of Beckman Instruments,
Inc., Fullerton, Cal.

Circle No. 315 on Inquiry Card

Low Voltage Lamps

A new condensed lamp catalog de-
scribes popular line of lamps for low
voltage lighting uses. The incan-
descent lamps listed in this catalog
include miniature, subminiature, and
micro-miniature styles. Ready-refer-
ence tables give quick specification
data such as lamp number, style of
base and bulb, as well as voltage,
current, candlepower, and life rat-
ings. Hudson Lamp Co., Kearny,
New Jersey.

Circle No. 312 on Inquiry Card

careers in
micro-
glectronics/
computer
lechnology

Why base your career on just one
interview?

EUROPEAN and
NATIONWIDE CHOICE

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

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

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

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

7 Solid State Circuitry—State of
the Art Technique Dvmt., New Uses
for Available Modules

[J Logic-and Digital Design
] Semi-Conductor Engineering

] Solid State Materials
Technology

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

Circuitry Design/Dvmt
Logic & Memory Design

Exceptional Jr. Posts
Now Available

All expenses are assumed by our client
companies

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

dG11

ALBERT. NELLISSen. InC

Leading Consultants to Management
in the Computer Field

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

CIRCLE NO. 904 ON INQUIRY CARD
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SALES
OFFICES

BOSTON

Lindsay H. Caldwell
Professional Bldg.
Baker Ave.

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

NEW YORK

Robert J. Bandini

18 East 41st St.

Room 1501

New York, N.Y. 10017
phone: (212) 685-5854

CHICAGO

Brent Salmon

410 N. Michigan Avenue
Chicago 11, Illinois
phone: (312) 467-6240

DETROIT

James Stem

424 Book Bldg.

Detroit 26, Michigan
phone: (313) WO 1-0278

LOS ANGELES

David Barton

672 So. Lafayette Park Pl
Los Angeles 57, California
phone: (213) 382-1121

SAN FRANCISCO

David Barton

672 So. Lafayette Park Pl
Los Angeles 57, California
phone: (213) 382-1121
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think faster
think Burroughs
memory systems
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Testing integrated circuits is a key
step in their production. At the Molec-
ular Electronics Division of Westing-
house Electric Corporation, Tally per-
forators are used to log data as each
module is run through a series of
parameter checks. Data logged on the
tape is then analyzed by computer.
According to W. DeLauder, Fore-
man of the Instrumentation Section at
Westinghouse, the five Tally Model 420
perforators worked extremely well

Here is the latest Westinghouse integrated circuit test console
with a mew Tally P-120 Perforator which turns out twice the work of the Tally 420,

CIRCLE NO. 44 ON INQUIRY CAY

99.9% of the tin
did, knockmg

during a fifteen month period just

ended. Fewer than eight calls per per-
forator were made to keep all five per-
forators on duty over the entire period.
The average time per call was 2.23
hours with an average cost for parts
of $3.05.

During the fifteen month period, the
five perforators punched with preci-
sion over 478 miles of tape. There are
a lot of good solid engineering reasons
why Tally perforators are extraordi-

narily 'reﬁable. For all of them, please

address Ken Crawford, Tally Corpor-
ation, 1310 Mercer Street, Seattle,
Washington 98109. In the U.K. and
Europe, address Tally Europe, Ltd.,
Radnor House, 1272 London Road,
London, S. W. 16, England.

TALLY

There are five hard working

Tally perforators on the job

around the clock at Westinghouse.

During one 15 month period, these
perforators were ready for work
e...and work they




