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microprocessor

coming. So

we designed and we've even got the at each socket, offer a good selection of
an entire family frames, drawers, and racks. and solder tab connection socket complements,

of socket homes for it. Qur socket cards, to pins on LSI chips. and are compatible
Socket cards the 3D Series, Our socket boards, with other boards

for card file mounting, come with built-in the 2D Series, for hybrid installations.
and we’ve even got test points, We also offer

the card files. a ceramic monolithic bypass capacitor automated wiring service.
Socket boards i D We're ready

for LSI mounting in : — ' for you.
frames, drawers, and racks, :

1441 East Chestnut Avenue, Santa Ana, California Phone 714/835-6000
Also stocked and serviced in North America by G. S. Marshall, R-A-E, Zentronics.
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Introducing Model 9100.
The fastest Series 9000 yet.

If you've gotten the impression, through our ads, that
our Series 9000 synchronous tape transports are the
best you can buy — you’re right. If you think we're
stopping there — you're wrong.

Now we're offering our Model 9100 vacuum column
tape transport. Model 9100 vacuum column reduces
tape wear and greatly improVes recording accuracy.
It's fast; it's very, very quiet; and it's built with features
found only on top-of-the-line transports — features
such as our capacitive tape detection system. Unlike
competitive models with photocells or calibrated
vacuum holes, Model 9100 utilizes a mylar diaphragm
as a variable capacitor to control tape position. This
means servo mechanism tape stretch is minimized,
wear reduced, and jitter is eliminated.

Model 9100 has a standard tape speed of 75 ips with
speeds of 25 to 75 ips available. The data transfer
rates are 60 Khz at 800 bpi, 120 Khz at 1600 bpi, or
60/120 Khz at 800/1600 bpi; or 7 track dual density
using 200/556 or 556/800 bpi densities.

Aside from these competition-busting numbers,
Model 9100 has all the great features of our proven
9000 Series: Threshold Scanning, Marginal Skew
Check, and a built-in front-accessible off-line
test panel.

Model 9100 is more than just a new product — it's
part of the finest tape transport series ever built —
Series 9000. When you have that kind of reputation to
uphold, you build a better machine. We just did
with Model 9100.

KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001
(213) 798-0953
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We've got
connections

for an easy and smart printer buy

CIRCLE 3 ON INQUIRY CARD

Easy to interface. Easy to cost justify. Easy to maintain.
The line printer for the long run. The Tally Series 2000 is
the easiest decision you can make.

Compatible controllers for DEC PDP-8 and PDP-11, Data
General, Nova and Eclipse, Hewlett-Packard 2100, Data
Point 2200 and Uniscope 100/200. Also a synchronous
serial RS-232 and, of course, the standard Tally parallel
interface. Or, if your present printer is too old, too slow,
too fast, or too expensive, simply plug us in.

Upgrade your system with either a 125 or 200 line per
minute printer that you can drive as hard as you want
without fear of failure. With no duty cycle limitations. With
no preventative maintenance except for routine cleaning. A
truly low cost of ownership investment.

A data processing line printer. 132 columns. 2- or 8-
channel vertical format unit. Multiple character sets and
fonts. Adjustable forms handling. Tally's renowned straight
line print registration.

With 47 interface selections to date, we've probably got
your interface. Either off-the-shelf, or for special interface
requirements, talk to our applications engineering staff. Call
or write the Tally office nearest you.

Tally Corporation, 8301 S. 180th Street, Kent, WA 98031.
Phone (206) 251-5524

TALLY

OEM Sales Offices:

New York (516) 694-8444,
Boston (617) 742-9558,

Chicago (312) 956-0690,

Seattle (206) 251-6730,

Los Angeles (213) 378-0805
Business Systems Sales Offices;
Eastern Region (201) 671-4636,
Western Region (415) 254-8350
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COMPCON 76 SPRING

This year’s IEEE Computer Society International Conference will explore
recent advances in circuit technology as well as ideas still on the drawing
boards in trying to predict their effect on the computer industry during the
next five years

TRENDS IN COMPUTER HARDWARE TECHNOLOGY
by David A. Hodges

Rapidly evolving technologies have resulted in greatly increased reliability,
and significantly lower costs. Future technological advances should have an
even greater impact when applied to overcome existing limitations of 1/0
and communications hardware

ENORMOUS BUCKET-BRIGADE OPTICAL SCANNER
ACHIEVES HIGH EFFICIENCY

by Barry J. Deliduka

Probing its way into existing and new applications, the solid-state sensor
consumes little power, can capture an entire picture, needs no mechanical
scanning, and operates at low cost. Here, it is applied in the form of a
very large-area optical scanner

MULTIVARIABLE FUNCTION GENERATION
FOR HYBRID COMPUTERS

by Arthur I. Rubin

Permitting faster than real-time simulation of functions of four or more
variables for design studies, a truly analog multivariable function generator
frees both hybrid computer programmer and end-user analyst from concerns
over phase-error-induced instabilities introduced by inadequate program per-
formance

TOOLS FOR LOGIC ANALYSIS
by Jim Wagner

Although development of powerful logic analyzers has led to predictions
of its demise, the oscilloscope still serves as a significant tool in trouble-
shooting logic problems

MULTI-LEVEL NESTING OF SUBROUTINES
IN A ONE-LEVEL MICROPROCESSOR

by Philippe de Marchin

Nested subroutines can be handled with the aid of a microprocessor’s
scratchpad memory, which is used as an automatically expandable stack
register

SINGLE UNIT CARD READER/PRINTER
SERVES AS LOW PRICE 1/0 DEVICE

A microprocessor controls operation of a combination punched/mark sense
card reader and printer for either offline verification or full-duplex operation
with a remote small computer
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Options available: Serial or parallel BDC interface Sidney Davis
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ARNING
YOU...

... loud and clear. You’ll get more attention with these exceptional new

piezo crystal solid state audio indicators. Many models to choose

from. Series X10 (continuous tone) or Series X11 (pulsing) with pins, wires,

or tabs, for computer terminals, remote control fault detection

devices . . . Series X40 for panel-type home or factory warning and alarm
systems . . . Series X50 for all types of fire, security and backup

alarms. Some models rated to 85 dbA at ten feet.

Write for complete specifications and application data.

Series X40,
® six models,

‘\\\ 6-32 vdc.
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(Approximately
half size.) A

Series X50,
six models,
6-32 vdc.

Series X10,
four models,
3-16 vdc.
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projects®
unlimited

3680 Wyse Road, Dayton, Ohio 45414
Tel. 513-890-1918, TWX 810-450-2523

Selected distributorships available.




| cALENDAR

CONFERENCES

Mar 2-3—Federal DP Expo 76, Sheraton
Park Hotel, Washington, DC. Informa-
tion: Robert E. Harar, Instrumentation
Fair, Inc, 5012 Herzel Pl, Beltsville,
MD 20705. Tel: (301) 937-7177

Mar 2-4 (Boston), Mar 9-11 (New York
City), Apr 13-15 (Chicago), May 4-6
(Los Angeles), May 11-13 (San Francisco)
—CompDesign/76 Tour. Information:
Jack Edmonston, The Conference Co,
797 Washington St, Newton, MA 02160.
Tel: (617) 965-5800

Mar 4-6—ACM Conf on Programming
Micro/Minicomputers, Delta Towers
Hotel, New Orleans, La. Information:
Assoc for Computing Machinery, 1133
Ave of the Americas, New York, NY
10036. Tel: (212) 265-6300

Mar 8-10—IEEE Conf on Industrial
Electronics & Control Instrumentation
(IECI ’76), Sheraton Hotel, Philadelphia,
Pa. Information: Institute of Electrical &
Electronics Engineers, 345 E 47th St,
New York, NY 10017. Tel: (212) 644-
7500

Mar 9-11—Electro-Optics/Laser Inter-
nat'l Exhibition, Brighton, England. In-
formation: British Information Services,
845 Third Ave, New York, NY 10022.
Tel: (212) 752-8400

Mar 10-12—1st Nat'l IEEE Control of
Power Systems Conf and Exp, Oklahoma
City. Information: Randolph Frost, 7824
Northwest 28th Terrace, Bethany, OK
73008. Tel: (405) 236-7339

Mar 17-19—9th Annual Simulation Sym,
Tampa. Information: Ira M. Kay, South-
ern Simulation Service, Inc, PO Box
22573, Tampa, FL 33622. Tel: (813)
839-5201

Mar 25 (Orange County, Calif), Apr 13
(Cleveland, Ohio)—Invitational Com-
puter Conf. Information: B. J. Johnson &
Assoc, 300 Otero, Newport Beach, CA
92660. Tel: (714) 644-6037

Apr 5-7—IEEE Region 3 Conf & Exhibit
(SOUTHEASTCON), Clemson House,
Clemson U. Information: Dr J. T. Long,
Gen’l Chm, E & CE Dept, Clemson U,
Clemson, SC 29631. Tel: (803) 656-3376

Apr 5-8—Design Engineering Show/
Amer Soc of Mechanical Engineers Conf,
McCormick Pl, Chicago, Ill. Information:
Clapp & Poliak, Inc, Management, 245
Park Ave, New York, NY 10017. Tel:
(212) 661-8410

Apr 7-9—IEEE Reg 6 Conf on Energy
for the Future, Braniff Place Hotel,
Tucson, Ariz. Information: Institute of
Electrical & Electronics Engineers, 345
E 47th St, New York, NY 10017. Tel:
(212) 644-7500

Apr 12-14—IEEE Internatl Conf on
Acoustics, Speech, and Signal Processing,
Marriott Hotel, Philadelphia, Pa. Infor-
mation: Institute of Electrical & Elec-
tronics Engineers, 345 E 47th St, New
York, NY 10017. Tel: (212) 644-7500

Apr 20-22—Sym on Computer Software
Engineering, Barbizon Plaza Hotel, New
York City. Information: Jerome Fox,
Exec Sec’y, MRI Sym Comm, Poly-
technic Institute of New York, 333 Jay
St, Brooklyn, NY 11201. Tel: (212) 643-
2393

Apr 20-22—Internat’l Reliability Physics
Sym, Caesar’s Palace, Las Vegas, Nev.
Information: C. H. Zierdt, Jr, IRPS
Publ Chm, Bell Laboratories, 555 Union
Blvd, Allentown, PA 18103. Tel: (215)
439-7500

Apr 22-24—Milwaukee Sym on Auto-
matic Computation & Control, U of
Wisconsin-Milwaukee. Information:
MSACC-76, U of Wisconsin, College of
Eng & Applied Sci, Milwaukee, WI
53201

Apr 26-27—T7th Annual Pittsburgh Conf
on Modeling and Simulation, University
of Pittsburgh. Information: William G.
Vogt or Martin H. Michle, Modeling and
Simulation Conf, 231 Benedum En-
gineering Hall, U of Pittsburgh,
Pittsburgh, PA 15261

Apr 26-27—8th Annual Southeastern
Sym on System Theory, U of Tennessee,
Knoxville. Information: Dr Peyton Z.
Peebles, Electrical Engineering Dept,
The University of Tennessee, Knoxville,
TN 37916

Apr 26-28—Electronic Components Conf,
Jack Tar Hotel, San Francisco, Calif.
Information: Tyler Nourse, Electronic
Industries Assoc, 2001 Eye St NW,
Washington, DC 20006

Apr 27-28—24th Annual Nat’l Relay
Conf, Oklahoma State U, Stillwater.
Information: School of Electrical En-
gineering, Engineéring Ext 301 EN,
Oklahoma State University, Stillwater,
OK 74074

Apr 27-29—Internat’l Sym on Circuits
and Systems, Technical U of Munich,
Fed Rep of Germany. Information: In-
stitute of Electrical & Electronics En-

gineers, 345 E 47th St, New York, NY
10017. Tel: (212) 644-7500

Apr 27-29—Internat’l Optical Computing
Conf, Capri, Italy. Information: IEEE
Computer Society, PO Box 639, Silver
Spring, MD 20901. Tel: (301) 439-7007

May 11-15—Exhibit of Computers, Re-
lated Equipment, and Systems, U.S.
Trade Center, Milan, Italy. Information:
Donald T. Mathes, Project Officer, Office
of International Marketing, DIBA, Rm
1012, US Dept of Commerce, Washing-
ton, DC 20230. Tel: (202) 967-3957

May 18-20—COMPEC Europe 76,
Centre International Rogier, Brussels.
Information: Trident Confs & Exhibs
Ltd, Abbey Mead House, 23a Plymouth
Rd, Tavistock, Devon PL19 8AU, Eng-
land

May 25-28—6th Internat’l Sym on Mul-
tiple-Valued Logic, Utah State U, Logan.
Information: Dr Stephen Y. H. Su, Elec-
trical Engineering Dept, Utah State
University, Logan, UT 84322. Tel: (801)
752-4100, X7806

SEMINARS

Mar 11-12—Uninterruptible Power Sys-
tems, U of Wisconsin, Milwaukee. Infor-
mation: Univ of Wisconsin-Ext, Dept of
Engineering, 929 N Sixth St, Milwaukee,
WI 53203. Tel: (414) 224-4181

Mar 28-Apr 2—System Design Using
Micro/Minicomputers, Minicomputers—
Principles and Applications, Microcom-
puters—Principles and  Applications,
Pheasant Run Lodge, St. Charles, IIL
Information: National Engineering Con-
sortium, Inc, 1301 W 22nd St, Oak
Brook, IL 60521. Tel: (312) 325-5700

SHORT COURSES

Feb 25-26 (New York City), Mar 2-3
(Chicago), Mar 31-Apr 1 (Washington,
DC), Apr 6-7 (Dallas, Tex), Apr 13-14
(San  Francisco)—Microprocessors and
LSI in Telecommunications Applications;
Feb 27 (New York City), Mar 4
(Chicago), Apr 2 (Washington, DC),
Apr 8 (Dallas), Apr 15 (San Francisco)—
Software Development Techniques for
Microcomputers. Information: Julie
Schneider, Integrated Computer Sys-
tems, PO Box 2368, Culver City, CA
90230. Tel: (213) 559-9265

Feb 25-27—Microcomputers/Micropro-
cessors in Instrumentation Systems,
Louisiana State University. Information:
Dr J. L. Hilburn or Dr P. M. Julich,
Electrical Engineering Dept, Louisiana
State U, Baton Rouge, LA 70803. Tel:
(504) 388-5241
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Pick a signal and any mini...Using RTP

Let’s say you have some relay contacts
to monitor, 115 VAC control signals to
sense, 4 to 20 mA analog process signals
to measure, and you need to provide relay
output contact closures and 4 to 20 mA
set-point signals.

This application can be handled by a
few standard RTP analog and digital input/
output cards, a Universal Controller, and
an RTP Bus Converter.

First, you select the cards. Our family
of process /0 interface cards provides the
versatility to match almost all industrial
sensors and actuators.

The Universal Controller provides the
logic, power and space for up to 16 of
these cards, in any combination.

The RTP Bus Converter interfaces the
Universal Controller to your mini by con-

verting your mini’s parallel 1/0O bus to the
standard RTP parallel bus. Appearing
transparent to your computer, it allows the
Universal Controller to be directly pro-
grammed, as if it were one of the com-
puter’s peripherals. Best of all, RTP Bus
Converters are available for all popular
minicomputers.

Those are the essentials! But it’s kind of
tough to design a measurement and con-
trol system from an ad.

So, we’d like to send you “Using RTP.”
This booklet will provide you with a con-
cise RTP subsystem design overview.
Just circle our number on the Reader
Service Card.

ﬂ Computer Products,inc.

Versatile 1/0

1400 N.W. 70th Street, Fort Lauderdale, Florida 33309 * (305) 974-5500, TWX (510) 956-9895

Japanese Distributor: Tamagawa Seiki Co., Ltd. 3-19-9 Shin-Kamata, Ohta-Ku, Tokyo, Japan 144.
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Diablo announces
the 40 megabyte drive
for a 10 megabyte price
In a S megabyte box.

The New SERIES 400 Family of Disk Drives.

B Two Independent Head Positioners B Identical Dimensions
B Power Interrupt Protection B 100% Common Spares
B Requires No C.E. Pack B Internal Diagnostics
B Interface Compatibility

M410F, 13.3 megabytes M411F, 26.6 megabytes
1 removable 2315-type 1 removable 2315-type
cartridge cartridge

1 fixed disk




The New Series 400. Eight top-
and front-loading drives from 13.3
to 53.3 megabytes. Each drive
totally compatible in technology,
media, interface, transfer rate and
dimensions. And each Series 400
drive with 99% common parts.

This complete compatibility
increases your ability to respond
quickly and profitably to changing
customer capacity requirements,
and reduces your inventory
investments in drives, controllers,
cabinets and spares. You can even
upgrade installed systems without
impacting existing data bases,
software investments, field support
or system operations.

Several design innovations in
the Series 400 helped make it all

possible. Foremost among them:
a unique dual head positioning
mechanism—based on an inertial
actuator—providing the capability
for independently moving two
head positioners per drive. A
highly efficient, low-cost motor-
generator internal power supply
results in low power consump-
tion, cooler operation and
protection from line transients,
voltage spikes and power
“brown-outs’’. A unique servo
track following technique—with
pre-recorded servo data imbedded
in the sector overhead area—
means each head operates in a
closed loop servo on the track it is
seeking. The result—higher
positioning accuracy, greater
utilization of disk surfaces and

K Diabio]

pack interchangeability (com-
pletely eliminating the need for CE
packs). And a microprocessor
performs internal diagnostics,
provides interface flexibility and
improves reliability by eliminating
many electronic components.

For complete documentation,
write Diablo Systems, Inc., 24500
Industrial Boulevard, Hayward,
California 94545. (415) 783-3910.
In Europe, Diablo Systems,

S.A., Avenue de Fre, 263

1180 Brussels, Belgium.

A
q Diablo

Diablo Systems. Incorporated
A Xerox Company

Xerox® is a trademark of Xerox Curporation
Diablo is a trademark
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LETTERS TO THE EDITOR

To the Editor:

I was interested to read the article
by Pandeya and Cassa (“Parallel
CRC Lets Many Lines Use One Cir-
cuit,” Sept 1975) concerning a paral-
lel method of accumulating cyclic re-
dundancy codes (CRCs). The main
reason for my interest was that I
was in the process of preparing an
article myself on the same topic, but
based on a design of mine which is
currently implemented in the ICL
7950/2 and /3 multiplexers of the
7950 series equipment.

Since my design is now about four
years old, the method proposed by
Pandeya and Cassa can hardly be de-
scribed as “new,” although I have
not come across any other documents
describing the “parallel” approach.
While their article described the basic
principles and hinted at certain ad-

vantages, it did not extend the con-
cept far enough.

As they suggest, the parallel meth-
od is ideally suited to multiplexers
where a common circuit can be time-
shared between several channels, but
multiplexers are also suited to hav-
ing a mix of different types of line.
With the ICL 7950/2 and /3, each
channel can be separately configured
under software control, and, hence,
circuits for all three CRCs are pro-
vided, together with circuits for the
more conventional Block Parity Check
(BCC) accumulation. [The BCC
method for 8-bit data is also a CRC
of the form (x8 4+ 1).]

Fig. 1 shows how the generator
circuits and store are configured.

By allocating the storage register
bits as shown in Fig. 2, the genera-
tor functions for the four different
CRCs can be formed by a series of

FIG.
NEW CHARACTER
BO-B7 8-BIT
BCC
— i1l
RO
e CRC-12 o
- BISYNC 4: 15 «
NO-
MPX b S
[ 2
SRR = <
M cre-16 - T =
.| BISYNC =
b=
R15]
CRC-16 . 7
spLC
>
CRC SELECT
S8 L4
Note: The CRC referred to as SDLC is also
used as the CCITT polynomial for character-
oriented systems.
FI1G.2
0 0 |0
5
; 7 z
8 8 8 8
13
15 15 15
8-BIT CRC-12 CRC-16 CRC-16
BCC BISYNC BESYNC BISYNC

Note: 16-bit store usage for each type of

CRC.

10

cascaded exclusive-ORs similar to
those listed by Pandeya and Cassa.
[Space does not permit these func-
tions to be listed here.—Ed.] These
functions show a high degree of com-
monality in sub-terms, considerably
reducing the total logic for generating
all four functions. In fact, the logic
uses approximately 30 exclusive-OR
elements (apart from 4:1 multiplex-
ers.)

Thus, by more carefully consider-
ing a typical application of the paral-
lel method of accumulation, a very
efficient, fast, and reasonably flexible
design can be achieved.

A further extension of this design
allows the use of 5-, 6-, 7-, and 8-bit
codes with BCC, which would use
only the required number of terms
of each function, and inhibit the
others.

D. R. Whitby

6 Horsham Rd
Bedfont, Middlesex
TW14 8LW England

The Author Replies:

I thank Mr Whitby for extending our
work on parallel CRC to software-
selectable CRC. The scope of our
article was ‘parallelism of CRC’ and
did not include rather trivial hard-
ware of multiplexers and registers
around the parallel circuit. For a
given application where all four types
of CRCs are needed, the multiplexing
is indeed a good idea.

As to Mr Whitby’s comments on
“new” approach, I maintain that our
work was authentic, original, and
independent, In case Mr Whitby’s
claims of originality and date of con-
ception are valid, it is not the first
time in history that two parties have
independently conceived the same
idea. Incidently, in the particular case
of SDLC, the specific CRC polynomial
(and the unique techniques of its
implementation) which is an IBM
protocol was not universally known
four years ago.

Arun K. Pandeya
Data General Corp
Southboro, Mass

To the Editor:

I would like to let anyone who is
experimenting with building his own
computer system, or microprocessor,
know that I would like to communi-
cate with him, and swap ideas, soft-
ware, and hardware.

I am currently building two micro-
processors using Intel 8080 and Moto-

COMPUTER DESIGN /FEBRUARY 1976



rola 6800 chips. I would also like
to swap or sell (for storage and
shipping cost) an IBM line printer,
card reader, and tape drive that came
off the famous S.A.G.E. Air Defense
computers that the Air Force op-
erates. I bought the machines when
the Air Force closed its S.A.G.E. Air
Base in New York.

I also have a large scale Univac
Series 70 computer up and running.
It has six tape drives, 140K memory,
1000-line/min. printer, and a 600-
card/minute reader. I would like to
make it available to experimenters
and novices for $10 per run. I am
putting together a guide for the Uni-
vac for $5 and a complete program-
ming course, including audio cassettes,
for $25. The programming courses
will cover COBOL RPG, FORTRAN, and
BAsiC—the major computer langu-
ages. I am also planning an Intel
8080 and Motorola assembly language
course kit. I am developing an inter-
preter for my Univac so that 8080
and 6800 assembly programs can be
developed, for convenience of the
novice, on a large-scale computer.
If anyone is interested in helping
with the simulator or other com-
pilers/translators, please let me
know.

Milton Goodman

President

Techno cadimum Data Corp
101 Park Ave

New York, NY 10017

To the Editor:

[Regarding Jack Dennon’s “Letter to
the Editor” (Oct 1975, p 8) with re-
spect to his difficulty in obtaining
universal  asynchronous receiver/
transmitters (UARTs)], I recently
ordered three UARTSs from Diplomat
Electro-Com, a Minneapolis, Minn
distributor representing Western Dig-
ital. They arrived by mail three days
later. Can’t beat that! Mr Dennon
should change suppliers!

Myron A. Calhoun
Computer Science Dept
Kansas State University
Manhattan, Kans

Letters to the Editor should be ad-
dressed:

Editor, Computer Design
Professional Building
221 Baker Avenue
Concord, MA 01742

.. . 12-bit,
16 channel

~ Lookatwhat
the next generation

data
acquisition

in acomplete, subminiature

low-power module for only $180*

Analogic’'s new MP6812is a
completely self-contained,
integrated subsystem providing
maximum versatility and the best
performance/cost ratio available
anywhere! It incorporates all
required control and timing logic
plus circuitry for three different
analog input configurations, four
ranges, three output codes and
three output formats (parallel,
byte-serial and bit-serial).

It accepts 16 single-ended, or 8
true differential signal inputs and
can be expanded to 64
single-ended, or 32 true
differential channels by the
companion module MP6848
Multiplexer Expander.

Tri-state output buffers make it
easy to interface the 6812 with 4,
8, 12-bit and more I/O buses at
input signal conversion rates of
30kHz. And due to extensive use
of CMOS/LSI circuitry, the
module dissipates less than 1.5
watts which ensures a maximum

temperature rise of less than 8°C.

The new MP6812 contains its
own multiplexing differential
amplifier, sample and hold, 12-bit

ANALOGIC =

... The Digitizers
*SE Model (100s)

successive approximation A/D
converter and CMOS
programmable logic to multiplex
and convert up to =10 volt
analog data signals into 12-bit
digital samples with guaranteed
overall system accuracies
+0.025% FSR and guaranteed

monotonicity (no missing codes).

Its compact 3.00"x4.6"x0.375"
size fits 0.5” card spacing and
compiete RFI and EMI shielding
assures trouble-free operation in
noisy environments.
Applications range from
microprocessors and
minicomputers to advanced
industrial, scientific, medical and

communications instrumentation.

Circle our number for complete
specifications and application
notes. For immediate application
assistance, call Eldon Scott at
(617) 246-0300, or write to
Marketing Department, Analogic
Corporation, Audubon Road,
Wakefield, Massachusetts
01880. Our new 40-page
Catalog/Handbook is yours

on request.
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COMMUNICATION CHANNEL

by John E. Buckley
Telecommunications Management Corp
Cornwells Heights, Pa.

Microcomputer Converter

Throughout the short yet significant
history of the microcomputer—from
an engineering novelty to a viable
information system component, this
column has discussed its potential
applications, the most valuable of
which has been said to be within
the telecommunications environment.
As a peripheral adjunct to other-
wise static remote terminal devices,
the microcémputer provides, econom-
ically, a major degree of logic flexi-
bility. Remote terminal manufactur-
ers are rapidly adopting the micro-
processor to provide basic control
logic. Rather than offering totally
programmable terminals, the initial
application of the microcomputer in
a terminal environment has been
primarily to provide fixed, pro-
grammed logical devices.

Recently, microcomputer-based
“subcompact” computer systems have
been introduced by various manu-
facturers. These systems have typical-
ly taken the form of small business-
application processors with limited
storage and input/output peripheral
capabilities. They are intended to
function as free-standing business
computing systems with minimal com-
munications capability. Typically,
their processing logic is configured
with parallel microprocessors, there-
by compensating for the relatively
slow execution time of the micro-
processor, yet creating the illusion
of a comparable overall-task execu-
tion time.

To many observers, these domains
are the only envisioned applications
of the microcomputer. This replace-
ment of discrete logic designs with
fixed-program microcomputers in re-
mote terminal devices is presently
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considered its major application. The
design of small computer systems
with a communications peripheral is
currently the new applications im-
plementation. Design of information
systems and associated subsystems is
heavily influenced by traditional
methods. Some system designers tend
to merely repeat past methodologies
or system configurations with which
they are familiar, rather than re-
examine them in light of current
technological developments. There
are a number of long-time require-
ments within an information system
that could not be resolved with past
technologies, and therefore compen-
sating techniques had to be imple-
mented. Unfortunately, today’s sys-
tem designers tend to forget these
original compromises and accept the
compromise technique of methodol-
ogy as absolute.

Such has been the assumption that
the centralized host computer system
must provide compatibility with the
various codes, protocols, and data
rates of its connected remote termi-
nals. Supposedly, the remote termi-
nal is permitted to transmit to the
host computer interface the code,
protocol, and data rate native to the
remote terminal; and, since the host
computer is the citadel of “un-
limited” processing capability, the
host will adapt to the remote termi-
nal’s uniqueness and perform the
necessary conversion to its native
environment.

This myopic perspective results in
the user’s data processing manage-
ment issuing decrees that only a
certain type of terminal can be con-
nected so that only one code, pro-
tocol, and, hopefully, one data rate

need be supported by the host com-
puter system. This unfortunate de-
cision limits the available remote
terminal devices that may be em-
ployed for particular applications.
When major computer and terminal
manufacturers announce new proto-
cols for their future terminal prod-
uct lines, the system user can only
reluctantly prepare for another
round of replacements and conver-
sion to an updated system.

ldeally, maximum efficiency of a
centralized computer center would
be achieved if a single code, proto-
col, and data rate could be assured
without the need to limit selection
of remote terminal equipment. In a
multi-application environment, the
use of different types of terminals
is mandatory in order to realize a
totally effective information system.
This fact of data processing unfor-
tunately requires that the central
computer devote a significant portion
of its resources to provide operational
compatibility to a number of codes,
protocols, and data rates.

Through use of microcomputer
technology, development of a micro-
computer converter has recently been
announced by DBS, Inc of Nashua,
NH as a new information-system com-
ponent. Located between the digital
equipment and its modem, it per-
forms the required code, protocol,
or data rate conversion. It is intended
to permit existing data centers to
maintain support of a common data
code, protocol, and data rate, yet
utilize newer and more diversified re-
mote terminal equipment. In addi-
tion, present data centers that are
burdened with multiple terminal
support can reduce this requirement
to a minimal support program resi-
dent within the computer center.

The satisfaction of this application
requirement is unique to micro-
processor technology. While the re-
quirement has always been present,
earlier semiconductor technologies
prohibited, for economical reasons,
any practical solution. The micro-
computer converter is based on a
microprocessor-controlled metal-
oxide semiconductor (MOS) memory
array. Controlled by programmed
instructions resident in programmable
read-only memories, the converter
controls a minimum of two Elec-
tronic Industries Association (EIA)
interface controllers. These inter-
faces provide serial connections be-
tween the remote terminal and its
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The Teradyne N123 backplane test
system makes quality testing afford-
able to manufacturers of smaller back-
planes. Let us point out a few of its
many advantages.

Point 1.
SIMPLIFIED FIXTURING.
Two-cable daisy-chain connection
with interchangeable fixture cards
eliminates time-wasting wire-per-
point fixturing. Only two cables are
ever needed no matter what the back-
plane complexity or configuration.

Point 2.

YOUR OWN TERMINOLOGY.
The N123 delivers error messages

in your own product language. Lost

time and the chance of mistakes in

translation are completely avoided.

Point 3.
PRECISE DIAGNOSTICS.

Until now you might have been
receiving error messages that made it
seem as if you had as many faults as
there were points in the network. The
N123 gives you one unambiguous
error message per fault, permitting
fast repair by nontechnical personnel.

Point 4.
SIMPLE OPERATION.

The N123’s dedicated front panel
enables nontechnical personnel to
learn its use in minutes. By answering
a series of questions, the operator
sets up the pin-naming scheme. Then
the system automatically programs
itself from any verified backplane.

TERADYNE BACKPLANE

Point 5.
EXPANDABILITY.

When you change the size or con-
figuration of the backplanes you're
testing, there’s no need to invest in a
completely new fixturing system. Just
add or remove the necessary fixture
cards.

TERADYNE'S NEW
MALL BACKPLANE TESTER.

POINT BY POINT.

Point 6.
RELIABILITY.

The N123 comes with Teradyne’s
own 10-year warranty on all circuit
modules. And is built for hard use on
the factory floor. What's more, all
Teradyne systems are backed by a
world-wide network of field service
and parts stocking centers, as well as
a 24-hour telephone troubleshooting
service.

Pomnt 7.
HIGH THROUGHPUT.

Fast point-to-every-other-point
testing, efficient fixturing, and accu-
rate diagnostics are going to give you
consistently high throughput and
improved yield. Count on it.

Point 8.
FAST PAYBACK.

The N123 is surprisingly affordable.
But your real savings will come in
lower repair and rework costs at sys-
tems test and in the field. Think yield.
Your competitors do.

Teradyne, Inc., 183 Essex Street,
Boston, Massachusetts. In Europe:
Teradyne Ltd., Clive House,
Weybridge, Surrey, England.

j ERADYNES

CHICAGO (312) 2988610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458-1256/NEW YORK (201) 334-9770

SUNNYVALE (408) 732-8770/LONDON (0932) 51431/PARIS 265 72 62/ROME 59 47 62/MUNICH (089) 33 50 61/TOKYO (03) 406-4021
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Here’s the answer
to your
Miniature
Switch meeds

panst

B TOGGLE
B ROCKER
N LEVER HANDLE

Get full information on °
Airpax competitively
priced, American made
miniature switches . . .
the product of years of
experience in the design
and manufacture of electrome-
chanical devices.
Airpax Short Form Catalog
3001 describes the basic switch-
ing functions, contact
ratings, terminations,
handle types, and hard-
ware options; all
arranged to sim-
plify the selection
and ordering of the
specific switches

§ you require.

2 Send for your
O

< catalog today

AIRPAX

Airpax Electronics/ CAMBRIDGE DIVISION
Cambridge, Maryland 21613
Switches, Circuit Breakers,

Glass/Ceramic-to-Metal Seals

Other Airpax Divisions:
CONTROLS DIVISION,
Ft. Lauderdale, Fla.
Instruments for Industry
AMERICAN DATA,
Huntsville, Alabama

TV Products
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associated modem if the converter is
to be located at the remote termi-
nal site. An alternate location for
the converter is to permit the com-
munications channel to operate un-
der the native characteristics of the
remote terminal and interface be-
tween the communications channel’s
computer center modem and the
computer’s communications periph-
eral interface; this appears to be
more desirable from physical con-
trol and support aspects.

The basic converter is, in effect,
two operating microprocessor sys-
tems, each programmed for a spe-
cific data code and protocol. A 4K
to 8K MOS memory provides the
pProgram execution environment as
well as the necessary transient data
storage. Assuming that data termi-
nal and central processor data rates
are equivalent, the need for exten-
sive storage capacity can be avoided.
The MOS memory is adequate for
the dual buffering requirements.

If a major data rate conversion
is required, auxiliary storage 1is
needed for the data rate reduction
activity. The incoming and higher
speed data flow must be retained
within the converter until the lower
speed terminal can accept the data
volume. Addition of a floppy-disc
peripheral provides this storage ca-
pacity.

Use of multiple EIA interfaces,
which can be added to the convert-
er, permits expansion to include a
concentrator function. A number of
low speed remote terminals can be
interconnected or connected via the
converter which will operate with
the appearance of a single terminal
using a standard protocol and data
rate. Within the data block content,
individual low speed terminal identi-
fication and addressing can be recog-
nized and routed by the converter.

The initial application area en-
visioned for such a converter is Syn-
chronous Data Link Communication
to Binary Synchronous Communica-
tion (SDLC-BSC) conversion. Many
medium and large scale data pro-
cessing systems have been pro-
grammed to support BSC procedures.
With IBM’s announcement of SDLC
procedures, it can be reasonably an-
ticipated that future remote terminals
from that company, as well as de-
vices from independent terminal
manufacturers, will reflect these new

protocol requirements. If present

BSC data processing systems are to
be expanded with new SDLC termi-
nals, without the need to replace
their existing remote BSC termi-
nals, the only choice is to install
SDLC support within the data pro-
cessing system. Considering a micro-
computer converter of the type de-
scribed here, BSC support uniformity
can be maintained within the data
processing center while the remote
terminal population comprises both
BSC and SDLC terminals.

It is reasonable to expect that
the use of microcomputer converters
will become even more common as
future applications develop. An addi-
tional use is with respect to packet-
switching systems provided by either
a value-added carrier, such as Tele-
net, or a private intelligent network.
Primary obstacle in the development
and implementation of such net-
works is the degree of protocol sensi-
tivity resident within each node of
the network. One approach in packet-
switching network design has been to
attempt to make the node protocol-
transparent; but this is not possible,
since any protocol requires control
responses as well as data content
responses. The control responses are
typically established with time con-
straints at the remote terminal. If
the node were totally transparent,
generation of these responses would
be dependent upon the timely de-
livery of the associated data block
to the destination computer center.
The ensuing network transmission
time would therefore impact these
timing requirements. To design the
node to full protocol processing sig-
nificantly limits the acceptable re-
mote terminal types. Through use of
a microcomputer converter, how-
ever, the node can be implemented
with full support of a native proto-
col. A variety of remote terminal
types can be utilized if each termi-
nal has a properly programmed con-
verter associated with its communi-
cations channel.

The range of applications for
such a converter is limited only by
diversification of the information Sys-
tem environment. As long as new
data codes and protocols are being
developed, coupled with the desire
to minimize the multiple support
requirements of the central proces-
sor, such converters will be manda-
tory for any expanding computer
communications system. O
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Ournew LA180.

Introducing the LA180 180-cps
line printer.

What you get out of it is more
work.

Because what we’ve put into it
are fewer moving parts. To make it
the most reliable 180-cps line
printer you can buy.

With the LA180, we’ve replaced
all possible mechanics with elec-
tronics and put everything onto
just four subassemblies to make
servicing a snap. It’s the same
design concept that’s been proven

get

because we

on our LA36— the keyboard printer
that sold over 20,000 units its first
year. And to further insure relia-
bility, we’ve designed the machine
to run only when it’s printing.

The LA180 also gives you: top
of form, paper out, paper out over-
ride, self-test, upper and lower
case, back space (an exclusive),
ASCII delete command, adjustable
tractors on both sides, and incred-
ible quietness. All for just $1975
in 100’s.

At the same time, we’ve made

dilg/ ]!
ORI

more out of it
put less into it.

most of these goodies available in
a lower-priced 30-cps machine—
our new LA35.
For details, call 800-225-9480
(Mass. 617-481-7400, ext. 6078).
LA180. LA35.
Both simply reliable.
Components Group, Digital
Equipment Corp., One Iron Way,
Marlborough, Ma. 01752. Canada:
Digital Equipment of Canada, Ltd.
Europe: 81 Route de l’Aire,
1211 Geneva 26, Tel. 42 79 50.

Prices apply to USA only.
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TFs 990 computer family...

The T1T concept of what a computer
family should be goes beyond pro-
ducing the most reliable and cost-
effective hardware around. To us,
that’s basic. The extra dimension is
usability, and this means software
and support.

The TTI 990 computer family has
all the ingredients. We make every
member of the family ourselves,
and we make them all software
compatible from bottom to top. We
also make them the most economi-
cal on the market and back them
with total T1 support, both before
and after the sale.

Complete software libraries, as
well as memory-resident and disc-
based operating systems, support
real-time and multi-tasking
operations. We offer FORTRAN,
COBOL and BASIC languages . . .
program development packages
with utilities . . . stand-alone
software development systems.
And we offer cross-support on
timesharing networks so you can
begin early development of your
own applications programs.

The TMS 9900 Microprocessor. . .
The Technology Leader

The advanced capabilities of the 990
family result from a TI milestone in
MOS technology . . . the TMS 9900
single-chip, 16-bit microprocessor.
It’s at the heart of the 990 family,
with a unique design that allows for
data manipulation that’s been hard
to achieve with earlier devices.
With its high-speed interrupt capa-
bility and versatile set of instruc-
tions, the TMS 9900 delivers the
kind of computing power you’d
expect from a 16-bit TTL computer.
And it’s the best microprocessor
going for terminals, machine
monitoring and control, and

many other applications.

Because the TMS 9900 provides
the instruction set for the new
990/4 microcomputer and 990/10
minicomputer, software developed
for the low-end computers will
be compatible with the higher
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support, software and hardware

performance models . . . and
with a minimum of interface and
software adaptation.

Versatile Operating Systems
Coming up with the right kind of
software means designing operat-
ing systems with as much versatil-
ity as you’'ll find in the hardware.
The TX990 Executive Operating
System uses the 990/4 microcompu-
ter for low-cost multi-task control
with a minimum of peripheral sup-
port. Users can select only the func-
tion they need for efficient memory
usage, leaving more memory avail-
able for application software.

For larger 990/10 systems requir-
ing mass storage and rapid access
to programs and data files, the
DX10 Disc Operating System gives
you all you need and eliminates
most of the time-consuming work
previously associated with system
generations. It includes a utility
for constructing and testing soft-
ware, and controls our “Librarian”
software package for source and
object program files.

Flexible Packaged Systems
TI offers two packaged program
development systems and a proto-
typing system for the user who
needs his own stand-alone system
for software and firmware develop-
ment of application programs.
These packaged systems provide
a flexible method of implementing
early project development. These
include the low-priced 990/4 Pro-
gram Development System and
the powerful 990/10 Program De-
velopment System. The 990/10
system combines the power of

Arlington, Va. (703) 527-2800 = Atlanta, Ga. (404) 4587791 - Boston, Ma. (617) 890-7400 - Chic
Tx. (214)238-5318 « Dayton, Oh. (513)253-6128 - Denver, Co. (303) 751-1780 + Detroit, Mi. (
In. (317) 248-8555 « Milwaukee, Wi. (414) 475-1690 « Minneapolis, Mn. (612) 835-5711 « Philadelphia, Pa.
« St. Louis, Mo. (314) 993-4546 - Sunnyvale, Ca. (408) 732-1840 - Winter Park, Fl. (305) 644-3535 - Amste
« Copenhagen, Denmark 01/91. 74. 00 + Essen, Germany 0201/20916 + Frankfurt, Germany 0611/39/90/61 + Freising, Germany 08161/801 + Helsinki,

the 990/10 minicomputer with the
disc-based DX10 operating system
and an extensive set of software
development tools. The standard
package includes the 990/10 mini-
computer with 64K bytes of error-
correcting memory, ROM loader
and diagnostics, 3.1-million byte
removable disc kit with accompany-
ing peripherals, and a complete
software development package.
And, at $24,500, this system

costs at least 20% less than com-
parable equipment from other
manufacturers.

For developing firmware mod-
ules, there is a $5950 prototyping
system which includes a 990/4 com-
puter with 16K bytes of memory
and programmer’s front panel, and
a “Silent 700*” twin-cassette ASR
data terminal. Also, an optional
PROM programming kit is avail-
able for developing read-only
memory.

And, we provide a wide variety of

program development utilities for
the 990 family. There is communica-
tions software that supports either
synchronous or asynchronous data
transmission, and can operate with
the TX990 or the DX10.

Support from the start

In addition to software, the TI 990
family has another kind of support
that’s basic to every TI computer
product. Complete training and
applications assistance, plus
anationwide service network
backed by TI-CARET, our remote
diagnostie, service dispatching
and real-time field service manage
ment information system.

For complete details on the new
990 family, call your nearest T1
office or write Texas Instruments
Incorporated, P.O. Box 1444, M/S
784, Houston, Texas 77001.
Or,phone Computer >
Equipment Marketing
at (512) 258-5121.

ago, Il. (312) 6710300 + Clark, NJ (201) 574-9800 + Cleveland, Oh. (216) 464-2990 - Costa Mesa, Ca. (714) 540-7311 + Dallas,
313) 3530830 - EI Segundo, Ca. (213)973-2571 + Hamden, Ct. (203) 281-0074 - Houston, Tx. (713)494-5115 - Indianapolis,
(215) 643-6450 « Rochester, N. Y. (716) 4611800 « San Francisco, Ca. (415) 3920229 - Seattle, Wa. (206) 455-1711
Iveen, Holland 020-456256 + Bedford, England 0234-58701 - Beirut, Lebanon 452010 « Cheshire, England 061-442-8448
Finland 90-408 300 - Milan, Italy 02.688/8051 - Montreal, Canada (514) 341-5224

« Nice, France (93)20.01.01 - Oslo, Norway 02-68.94.87 - Paris, France (1) 630-2343 + Slough, England 0753-33411 + Stockholm, Sweden 62 7159/62 7165 « Sydney, Australia 831-2555 « Tokyo, Japan (03) 402-6181 -«

Toronto, Canada (416) 889-7373

TEXAS INSTRUMENTS

*Trademark of Texas Instruments

INCORPORATED
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DIGITAL TECHNOLOGY REVIEW

Disc Drive Innovations
Provide Flexibility
for System Designers

Significant design advances incorpo-
rated in a family of disc drives are
claimed to result in a price/per-
formance “breakthrough” for small-
to medium-scale computer systems.
Among the innovative features are a
dual  head-positioning  mechanism
based on an inertial actuator, a mo-
tor-generator set that replaces the
usual internal power supply, a servo-
following technique that eliminates
the need for special alignment packs,
and use of a microprocessor to con-
trol logic functions.

Initially, eight Series 400 disc
drives—front- and top-loading models
each of 13.3-, 26.6-, 40-; and 53.3-
megabyte/drive capacities—are being
offered by Diablo Systems Inc, 24500
Industrial Blvd, Hayward, CA 94545,
Prices range from under $2500 to
just under $3600 in OEM quantities;
single unit prices would be about
60% higher.

Although traditionally any one disc
drive has met the requirements of
only a particular application, the
flexibility of this series suits nearly
all applications. System designers are
provided with a broad range of stor-
age capacities with total compatibil-
ity of interface, media, technology,
and transfer rate. Upgrading to high-
er capacity drives can be accom-
plished quickly without the need to
write new software, change to a dif-
ferent technology, or redesign cabi-
nets, interfaces, or controllers.

Both sides of the disc are used;
the dual head-positioning mechan-
ism permits independent movement
of two head positioners per disc drive,
effectively placing two disc drives in
a single machine since this doubles
the throughput. One can be seeking
at the same time that the other is
reading or writing. The drive on the
fixed disc can operate with or with-
out the removable disc in place.

Design of the dual inertial ac-
tuators eliminates conventional large
magnetic fields. Operating power con-
sumption (10 W) is about 2% of
that associated with traditional voice-
coil positioners, and weight of the
dual system is about 40% of that of
a single voice-coil actuator. In addi-
tion, inertial actuators are far more
precise in positioning than a voice-
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coil system. There is no need for
periodic preventive maintenance, re-
alignment, or replacement.

Power source is a single motor-
generator set which converts ac to de
and requires virtually no filtering.
Low power consumption of the in-
ertial actuator and high efficiency of
the power supply (about 80%) re-
duce heat generation to a small frac-
tion of that produced by internal pow-
er supplies in conventional disc drives.

Since there is no electrical connec-
tion between generator and ac source,
the possibility of electrical noise
transients affecting disc drive opera-
tion is eliminated. Protection against
brownouts or short power fluctuations
is also provided by the inherent in-
ertia of the motor-generator. The
drives will continue to operate un-
affected for 150 ms after a complete
loss of power—long enough for pro-
grams or volatile memory to be un-
loaded on the disc drive.

Total power consumption is 200 W,
versus 400 to 1000 W for drives now
in common use. This not only mini-
mizes component failure due to heat,
but also permits operation over a
broader temperature range (50 to
104° F, 10 to 40°C). Overall drive
reliability is therefore increased.

Use of a servo track-following po-
sitioning system eliminates the need
for special head alignment packs.
Servo data are prerecorded on each
data track and interspersed in the
unused sector area between data
fields. The recording head aligns it-
self with the servo data and, there-
fore, with the data to be recorded
by the user. Since each data head is
self-aligning on each data track, the
drive will operate under tolerance
and environmental ranges nearly
twice those of comparable disc drives.

A microprocessor is included as an
integral part of disc drive logic, and

Compact Series 400 disc
drives announced by Diablo
Systems are 8.75” in height
and fit a standard 19” rack.
Both front- and top-loading
models will be available in
four capacities from 13.3 to
53.3 megabytes. Total power
consumption of % to 1
that of other common drives
will reduce heat stress and
result in increased overall
reliability

Dual head-positicning mechanism in
Series 400 disc drives, based on an
inertial actuator, allows independent
movement of two head positioners per
drive. One positioner can be used for
seeking while the other is reading or
writing

is shared between the two actuators.
Diagnostic programs can be run on
a plug-in memory to locate any prob-
lem down to the functional block in
the circuit board. As a further ad-
vantage, the microprocessor provides
the flexibility to change the inter-
face and to add drive functions.
Initial prototypes of Series 400
disc drives are scheduled for the first
quarter of 1976. Large quantity pro-
duction is expected in the third quar-
ter:
Circle 140 on Inquiry Card

Full Redundancy Assures
Non-Stop Operation of
Transaction-Type System

Until now the privilege of fail-safe
computer operation has been avail-
able only to very large facilities or
those in which a subsystem failure
might endanger life or property. For
such users, the added cost and, some-

COMPUTER DESIGN /FEBRUARY 1976



A Hewlett-Packard terminal
lets you generate the forms you
need without taking up valuable
computer time and without special
programming. A plug-in Forms
Drawing option lets you generate
almost any form your company is
used to using —just the way your
company is used to using it—right
from the terminal keyboard.

Familiar-looking forms stop
mistakes; cut down on time wasted
as operators try to decide what
goes where.

Then, from the same key-
board, add in protected fields as
further assurance that the right in-

RM FITTING.

formation won't wind up in the
wrong places.

For still greater operator con-
venience, you may want to lock in
form headings—while the data
under them is continuously updated
and transmitted to the computer.
Or use inverse video, optional half-
brightness, underline, or even
blinking characters to clarify where
information goes and what musn't
be forgotten.

The Hewlett-Packard 2640
terminal series offers, in addition,
powerful local editing and format-
ting capabilities. Modular design.
Built-in self-test. An unusually read-
able display. Optional character

CIRCLE 12 ON INQUIRY CARD

fonts (you can even design your
own). Or, choose the 2644 A Mini
DataStation for the same features in
a terminal with mass storage capa-
bility for stand alone operation and
the convenience of two 110,000
byte, pocket-sized data cartridges.

Call your local Hewlett-
Packard office, or write for all the
details on the terminal family that fits
your way of doing business.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304

42604
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What large OEM's
need today:

a short cut into
microcomputing

...that's easier to get, easier to use, easier to expand at will.

You've got it. With the new LS|
member of our Solution Series. The
GA-16/110. A full-fledged 16-bit
computer on a single plug-in board.
Specifically designed for dedicated
computer applications, such as remote
data collection and control, terminals,
and communications concentrators.

Dollar for dollar, spec for spec: the
fastest, most flexible, lowest cost
microcomputer with full software
support and dozens of I/0 controllers,
now available off the shelf.

Performance twice as fast as the
nearest competitor. Powerful repertoire
of 120 basic instructions. Memory
expansion from 512 words to 64K
words. And this “load-and-go” worker,
the GA-16/110 system, shares soft-
ware and I/O compatibility with all

Solution Series family members, right
up to the GA-16/440 super mini with
2 mega-bytes of memory:.

Terrific price/performance tradeoff
too. From $474 for a fully-operational
512-word computer. To $1692 for a
complete 8K packaged system. (OEM
quantities of 200.)

Say you need still more: our
GA-16/220 will do the job. By adding
more |/O capability, more interactive

CIRCLE 13 ON INQUIRY CARD

controls, more displays, you get full
minicomputer performance and
features at microcomputer prices.

And the rich GA-16/220 software
includes: batch operating systems;
foreground/background real-time
operating systems; indexed file
management systems. FORTRAN |V;
COBOL; multi-user BASIC; macro
assembler; and a lot more. All are
off-the-shelf software, currently in
the field working in applications
such as yours.

Compared to any computer family
in production today, the Solution
Series meets your requirements with
the largest variety of configurations
and range of performance, backed
by the broadest software and /0
support. Hands down, the shortest

MATION

distance to your microcomputer
product is the new Solution Series
family from a real solution systems
company— General Automation.
For product info, write General
Automation, 1055 South East Street,
Anaheim, California 92805.
(714) 778-4800.
Also General Automation, Paris,
France and G.A. Computer Ltd.,
Ontario, Canada.

COMPUTER DESIGN/FEBRUARY 1976
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l DIGITAL TECHNOLOGY REVIEW1
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Organization of Tandem 16
transaction-oriented system.
Redundant interconnections
assure against system fail-
ure even if a subsystem
malfunctions. “Dynabus”
consists of two autonomous

data paths that operate
simultaneously but inde-
pendently. Each device

controller connects to two
processor modules, and
even power supplies are
redundant since the power
supply to each processor
module is also connected
to the two device control-
lers for that module

times, reduced speed were accepted
because of the intolerable alterna-
tives that might result, for instance
from failure of the computer in a
single-processor system. Other users,
however, were expected to put up
with occasional failures since such
failures would not likely result in
disastrous situations.

This dilemma need no longer exist,
according to the manufacturers of a
“NonStop” computer system recently
announced. James G. Treybig, presi-
dent of Tandem Computers, Inc, 2909
Stender Way, Santa Clara, CA 95051,
says that this “marks the first time
multiple processors have been both
hardware and software designed to
act as a team, virtually as one proces-
sor.” Tandem 16 provides both mul-
tiple processors and totally redundant
interconnections among all proces-
sors, controllers, power supplies, and
peripheral equipment without sacri-
ficing speed or economy.

The modular configuration is such
that whenever one essential module
fails, a redundant module takes over
automatically and the system works
around the failed module. Even
though the take-over may require

22

postponement of a low priority task,
important work continues and the sys-
tem as a whole suffers only “grace-
ful degradation” or a temporary low-
ering of performance. Repair of the
failed module can be accomplished
without interrupting operation of the
system.

Claimed to extend the concept of
economical redundancy to all trans-
action-oriented users, this system is
configured about processor modules
linked by two fully redundant buses
called the “Dynabus.” Either bus can
handle all interprocessor communica-
tion so that programs in one proces-
sor module communicate with pro-
grams running in other processor
modules. Each bus is fully autonomous
and operates independently but simul-
taneously with the other. Transfer
rate on the buses is 20 megabytes/s.
Packet-multiplexed transfers can be
made among any number of proces-
sor modules. Block transfers of 1 to
32,767 bytes can be made to a desig-
nated processor module by one hard-
ware instruction.

A minimum system, the NonStop
204, is made up of two T16 processor
modules, each containing 32 thousand

words of memory; 10-megabyte disc
drive; magnetic tape unit; operator
console; and 16 terminal lines. Ex-
pansion is possible up to 16 processor
modules with 512 kilobytes of mem-
ory each, and up to 32 dual-port
peripheral device controllers per mod-
ule. As many as 1000 terminals or
2048 input/output (I/0) devices can
be supported by a fully expanded
system.

Each processor module contains a
Dynabus control unit for automatic
switchover or disconnect in the event
of processor or bus failure, a micro-
programmed central processor unit
(CPU) with six general-purpose reg-
isters, semiconductor or core mem-
ory, and a separate processor for con-
trol of I/O functions. CPU micro-
instruction cycle time is 100 ns; micro-
instructions are 32 bits in length.
I/0 transfers are performed at 4
megabytes/s through a burst-multi-
plexed direct memory access (DMA)
port.

Each I/O controller is connected
to the I/O channels of two proces-
sor modules through dual ports,
thereby providing two communication
paths to each I/O device. Although

COMPUTER DESIGN /FEBRUARY 1976



INTERDATA INTRODUGES

COMPUTER LIFE SUPPORT.

Phase |: Research

Procurement
Development
System
5 Test
Bullder F TRET CRBSRNS

End
User

Phase Il: Implementation

Phase lll: Delivery

Phase IV: Enhance

Delivery Follow-on Business

YOUR COMPUTER'S LIFE CYGLE.

Interdata’s computer products and services
exist for one reason — to satisfy our customers. The
key to our business is understanding our custom-
ers’business needs.

There are three types of computer buyers:

The Product OEM buys large quantities of
identical computers, adds special software and
hardware, and sells a resulting product.

The System Builder buys computers and
peripherals, packages them into a system, adds
proprietary software and delivers them to fulfill a
specific customer need.

The End User buys a computer system to
solve his problem.

Each of these buyers goes through a Computer
Life Cycle consisting of four specific Phases—
Research, Implementation, Delivery and Enhance-
ment. Interdata responds to the specific needs of
the computer buyer during all four Phases of his
Computer’s Life Cycle.

If you are a Product OEM, System Builder or
End User, you might be interested in reading the
next two pages to find out how Interdata can make
your job easier.

The following description is the essence of the
Interdata concept called Computer Life Support.
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Phase I: Research

Computer Life Support
begins here. The Product
OEM studies his market to
determine just what his
product should be, where it
fits and how much it should
cost. The System Builder
produces a bid proposal
aimed at solving his cus-
tomer’s specific problem.
The End User is interested
in defining a computer-
based solution to a problem
and justifying this project
to management.

Bid Proposal

Interdata recognizes that
each kind of customer has
specific needs during this
Phase. Heres how we
respond to them.

Product OEM. In studying his market, this
customer must gather competitive data, do a ROI
analysis, a feasibility study, and—ultimately —
determine what products to make or buy.

Interdata makes available cost information
over the projected products life eycle. We will dis-
cuss our development plans to help you with your
planning. We have field analysts and systems engi-
neers to help with specifications. And we help iden-
tify the trade-offs of any make-or-buy decision.

System Builder. This customer needs respon-
sive project and proposal support. He demands a
professional relationship with his computer ven-
dors. And he must identify what equipment meets
his performance specifications.

At Interdata we format our proposals to your
requirements. We offer technical support plus spe-
cial products and services to fill your needs. And
we back this all up with our policy of not competing
with our customers.

End User. This customer needs an easy-to-
understand computer system. He's interested in
near term solutions yielding long term profits. And
he must know that his computer can do the job.

Interdata computers have familiar IBM-like
architecture supported by thorough documenta-
tion. We show you similar applications and provide
local benchmark and demonstration facilities.

And, as a subsidiary of Perkin-Elmer, we bring
you the resources and financial stability of a multi-
million dollar corporation.

24

Phase II: Implementation

In the Implementation
Phase, very similar tasks
must be performed by each
Interdata customer —be he
a Product OEM, System
Builder or End User. Each
customer must take his
computer through pro-
curement, development
and testing.

Procurement
Development
Test

Procurement. The primary need of every cus-
tomer is an equitable business arrangement with
his computer supplier. He must have the proper set
of terms and conditions.

Interdata offers the Product OEM a quantity
discount agreement; the System Builder a dollar
volume agreement; and the End User terms and
support tailored specifically for him.

Development. Here all customers want to opti-
mize their design and meet their schedule.

Interdata provides a full family of compatible
hardware, software, peripheral and service prod-
ucts so you don’t have to start from scratch. We
have easy-to-use program development tools like
BASIC, FORTRAN, MACRO CAL, COBOL and a
multi-terminal development system.

Test. At this point the customer needs to mini-
mize the possibility of system failure.

Interdata provides system debugging and
integration aids such as hardware memory protect
and privileged instructions.

Net Results. You can benefit from Interdata
support during Implementation in three critical
areas: Lowest overall price. Optimum computer
performance. And on-time systems completion.

L\ o
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Phase IV: Enhancement

In the final Phase of the
computer life cycle, the
Product OEM is working
to extend his product’s life.
The System Builder is

Phase llI: Delivery

At this Phase of a
computers life cycle, our
customers again have
distinet tasks: The Product
OEM must produce as
efficiently and economically looking for follow-on busi-
as possible. For the System ness. And the End User
Builder, on-time delivery wants to expand his system.
is critical. And, the End

User wants to cutover his Follow-on Business

system as soon as possible.

Delivery

Product OEM. This customer wants to mini- Product OEM. This customer’s concern is to
mize recurring product costs. He wants his com- avoid product obsolescence.
puter equipment to be reliable and delivered on
time. He also wants to increase the value he adds
to his product.

Interdata reduces your recurring costs with
unbundled hardware and software modules. Our

Interdata offers you improved product per-
formance through upward compatibility. Or, you
can lower your product’s price by taking advantage
of the next generation of Interdata computers.

products are reliable because of our conservative System Builder. To capture follow-on business,
design and stringent quality control procedures. the System Builder needs to transfer his experi-
ence, training and software from one system to the

For vertical integration, Interdata sells com-

puter board sets to allow you to increase your value next.

added. Interdata makes transferability easy because
System Builder. To meet delivery commit- of our familiar, large-machine architecture and

ments, he must have reliable computer equipment complete family compatibility.

backed up by responsive field service. End User. For this customer, system enhance-
Interdata’s quality control assures you of no ment means system expansion.

on-site surprises. We 100% test all our incoming : .
parts. We put our computers through a unique Interdata’s computer architecture allows you
“shake and bake” process.We solve product prob- to expand all the way from a single board 16-bit
lems in the factory —rather than in the field. processor to a $300,000 32-bit MEGAMINI™ com-

End User. When cutting over to production, Duter Systes.

the End User needs service. Accordingly, Interdata Find out more. Interdata’s responsiveness to
provides four field service programs: resident ser- your needs during every Phase of your Computer’s
vice; contract service with fixed price on parts and Life Cycle adds up to Computer Life Support. If you
labor; on-call service for which we charge for parts are a Product OEM, System Builder or End User,
and hourly labor; and depot parts maintenance we have a lot more to tell you. Just send in the cou-
service. pon. Or call us.

Gentlemen:

I'm a (check one) E Product OEM Name Title
O System Builder B End User who wants

to know more about Computer Life Support. Company

[0 Send information. 0O Have an Interdata
representative call. Address

&
IN"TIERIDATTA

Interdata, Inc. City State Zip
Subsidiary of PERKIN-ELMER

Oceanport, N.J. 07757 (201) 229-4040 Talewk

Interdata and MEGAMINI are trademarks of Interdata, Inc. elephone

.'0....l..l...'............l...'......................l..'.........‘.'.I..l.............Q...........l.

Product OEM Circle No. 14; Builder Circle No. 15; User Circle No. 16
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Failure protection for application programs. Redundancy exists in that pro-
grams can check on one another. “Watcher” checks on primary and acti-
vates backup program if module containing primary program fails. When
defective module is repaired, it becomes the backup. Dual paths to
device controllers allow alternate 1/0 path to be used if primary path fails

\EACKUP
PATH

a controller will accept commands
from only one processor, if a con-
troller’s master processor module
fails, the other processor module takes
over control. Only a few components
are common to both of the 16-bit data
paths.

Data transfers on the I/O chan-
nels occur directly between memory
and I/O devices at memory speed.
Burst-multiplexed transfers can be
made from any number of devices.
Data transfers can be made in blocks
of from 1 to 4094 bytes. Up to 256
devices can be handled simultaneous-
ly on each I/0 channel. Peripherals
are connected in a star pattern, as-
suring that failure of one device will
not cause failure of any others.

Memory may be either semiconduc-
tor or core. Cycle time is 500 ns for
accessing a 16-bit word in semicon-
ductor memory, including accessing
the map registers and error correc-
tion (if necessary); for core it is 800
ns including mapping and parity
checking. The next instruction to be
executed is prefetched while the cur-
rent instruction is being executed.

An instruction set contains 122, 16-
bit instructions. Twelve memory ref-
erence instructions can directly ad-
dress any of five data areas in mem-
ory: global, local, system global,
parameters, and sublocal. Two in-
structions are provided for reading
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constant information from a program’s
code area. Data and code memory
reference instructions can use the
contents of a direct memory location
as an indirect reference to another
location.

Main memory is mapped for pro-
tection and relocation in four sepa-
rate maps: system data, system code,
user data, and user code. Up to 128
kilobytes are addressable through
each map. Memory mapping auto-
matically reallocates user code or non-
critical operating system code to al-
ternate physical memory pages upon
detection of a parity or uncorrect-
able memory error.

Distribution of power is also or-
ganized such that failure of a power
supply does not shut down the sys-
tem. Each processor module has its
individual power supply, but if that
supply fails, making the module in-
operative, the alternate module as-
sumes control. Since each dual-port
device controller is connected to two
processor modules, the controller re-
ceives power from two sources.

Software, designated as T/TOS
(Tandem/Transaction Operating Sys-
tem), is a multiprogramming, multi-
processing, virtual operating system.
A copy resides in each processor for
the necessary redundancy. The soft-
ware allocates execution time to
multiple programs on a priority basis,

allocates buffer space and control
blocks, and handles process synchro-
nization. Standard features include
geographic independence of programs
and data; multiprocessor message
system; data validation and proces-
sor protection; automatic detection
and isolation of faulty modules; and
online diagnosis, repair, and reinte-
gration of a faulty module.

Circle 141 on Inquiry Card

Process-Control-Oriented
Programmable Calculator
Has Dual Capabilities

More powerful and versatile than a
programmable controller or a micro-
computer, the HP 9825A program-
mable calculator includes many fea-
tures usually found only on minicom-
puters. Yet the desktop unit is easier
to use than a minicomputer and can
be operated as a calculator at the
same time that control programs are
running.

Although intended as a controller
for an instrument system or a pilot
process application, for remote data
collection, or for production control,
the calculator can also be tsed as
a standalone computer. Hewlett-
Packard’s Calculator Products Div,
Loveland, CO 80537, has designed the
medium-priced unit primarily for use

Live keyboard on Hewlett-Packard’s
9825A desktop programmable calcu-
lator permits calculations to be made
at the same time that the calculator
is running control programs. At top
front of unit, from left to right, are tape
drive (for minicartridges), 32-character
LED display, and 190-line/min. thermal
printer

COMPUTER DESIGN /FEBRUARY 1976



is the largest
supplier of

OEM

semiconductor

+:AMO
sysiems:

If youe in the computer or systems business you
probably already know that it's Intel. You also know the
importance of getting your systems out of engineering
and into the marketplace. Nothing happens until you
get an order.

If the semiconductor memory part of your system is
delaying things or if you have two impor-
tant memory projects but only one %
design team, then you should talk to  § ‘%,
us. Chances are we may already have |
just the memory system you need.

That's why more and more computer k.
companies and system houses are coming *

to Intel for help. We're helping them get the
competitive jump in the marketplace —with a
memory as good as their own.

We're talking about big memories, like
8 megabytes in a single frame. And high speed

intgl mery systems

: -
F X5

memories as fast as 150 ns access time, 300 ns cycle
time. And memories to interface with your TTL or ECL
logic, with or without error correction.

We're already shipping over 50 multi-megabit
systems, plus thousands of single board memories every
month. That means we'll be able to support your volume
prodtiction requirements. And because were the world's
largest manufacturer of both semi-

conductor memory systems and
components you get the best possible
price/performance package.

It's easy to get started. Call Gary
Andersen, OEM Marketing Manager,
F' (408) 734-8102 Ext. 451, or send your

¥ memory specifications to Intel Memory
®  Systems, 1302 N. Mathilda Avenue,
Sunnyvale, California 94086.

CIRCLE 17 ON INQUIRY CARD




Plant Tours: 8:0

The next time you're planning to visit Los Angeles,
schedule a Pertec Plant Tour. Sure, Southern California
has many tourist attractions, but Pertec’s Plant Tours are
getting more and more popular.

Our guests have come from all over the world.

Our plant tours have been enjoyed by countless
domestic and foreign guests. Including customers from
Thailand, Africa, India, Germany, England, Japan —
literally, almost every country in the world. Businessmen
(and women) from every nook, cranny and capital city in
the United States have inspected the Pertec plant.
(Changing many from a curious, interested guest to a
solid customer.)

First, one tape drive. Then 50,000 more.
We had no idea our manufacturing techniques — and

C Copyright 1975 Pertec Corporation, Peripheral Equipment Division

products —would become so popular. And, as our
popularity increased, so did OEM customer interest in
our plant.

Today, at Pertec, you'll see the most advanced electro-
mechanical technology (the art of reducing manufactur-
ing costs on prosaic tape drives, disk drives, floppy disk
drives, and other related peripheral -
equipment). You'll see how é}

Pertec customers select tape
drives from more than 400
model variations

And you'll see how Pertec
cartridge disk drives can be
top- or front-loading and
interface compatible. !

You'll see the Pertec family —
of fixed-disk drives




— :0

And, you'll see how we are able to manufacture
low-cost, high-volume flexible disk drives

In short, you'll see tape transports, disk drives and
flexible disk drives a// in one location.

All produced by Pertec.

You'll see how Pertec's product-testing and worldwide
service operations assure you the best combination of
product quality, reliability and price of any computer
peripherals in the world. )

You'll understand how Pertec's 8 years of successful
product design, manufacturing and product support
have created a financially sound and attractive entity:
Pertec.

And, you'll see this right before your very eyes!

Interested? Call Pertec or your travel agent.
The Pertec Plant Tour is a must for anyone seriously

involved in the buying decisions of peripheral equipment.

Call the Pertec regional office nearest you: Boston
(617) 890-6230; Chicago (312) 696-2460; Los Angeles
(213) 996-1333; London (Reading) 582-115. Or, write us
at Plant Tours, 9600 Irondale Avenue, Chatsworth,
California 91311.

Or call your travel agent. If he hasn't heard about the
Pertec Plant Tours, it's about time somebody told him
about the great new show going on outside of Hollywood

At Pertec

The world's leading computer peripheral equipment
showplace.

PERTEC

Drop by and see us sometime.
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in engineering, research, and statis-
tics. Some of its features are inter-
rupt capability, input speeds of up to
400,000 words/s and output speeds
of up to 200,000 words/s (16-bit
words), live keyboard, direct memory
access, bidirectional tape drive using
mini-cartridges, multidimensional ar-
rays, automatic memory record and
load, internal calculation range of
+10511 to *=10-511, and optional plug-
in read-only memories.

A live keyboard, claimed to be a
“frst” for desktop calculators, per-
mits a user to perform simple cal-
culations, examine and change pro-
gram variables, and list programs
while the calculator is performing
other operations. Actually, an inter-
rupt capability apportions operations
on a priority basis, but the process
is so fast that everything appears to
happen at once. The live keyboard
can be turned on or off under pro-
gram control.

Available in an extended I/O
ROM (input/output read-only mem-
ory), this interrupt capability allows
the calculator to control instruments
or peripherals, print, plot, and run
programs at the same time on an
operator-determined priority schedule.
On the calculator this is accomplished
by simple keyboard commands; on a
minicomputer the operator would
have to write a program in assembly
language.

HPL, a high level, formula-ori-
ented programming language, han-
dles subroutine nesting and 16 flags.
It allows up to 26 simple variables
and 26 multidimensional array vari-
ables, limited only by the size of the
calculator memory. Claimed to con-
tain the power and efficiency of
FORTRAN for handling complex for-
mulas and equations, but as easy to

30

Easy access to interior of
HP 9825A calculator is pro-
vided by hinged printed cir-
cuit boards. Complete unit
weighs only 26 Ib and is
about half the size of earlier
calculators

learn as Basic, HPL is suited for both
controller and data processing ap-
plications. The structural unit is a
line composed of one or more state-
ments separated by semicolons. Er-
rors are indicated by error messages
and line numbers in the display and
are identified by a flashing cursor.
Math errors can be overridden by
the programmer.

Programs can be debugged by com-
mands inserted from the keyboard.
Tracing can be made on the entire
program, a section, or a single line.
Both fixed- and floating-point formats
can be set by the user. Entire lines
or individual characters can be in-
serted, deleted, or changed. When
line insertions or deletions are made,
addresses are automatically renum-
bered.

In addition to a typewriter-like
section, a calculator-key section, and
command keys, the keyboard contains
12 special function keys. Using a
shift function, 24 different operations
can be handled. These keys also aid
in program writing and in peripheral
and instrument control, and can be
used as immediate execute keys, as
call keys for subroutines, and as typ-
ing aids.

Memory load and record opera-
tions are performed via a mini-
cartridge of the same type as used
on the company’s 9815 -calculator.
The 2-track tape holds up to 250
kilobytes of data and has a 2.7-kilo-
bvte/s transfer rate. If power should
fail, an autostart feature permits in-
formation to be reloaded into calcu-
lator memory from the -cartridge
after power has been restored. Tape
cartridge commands permit the user
to load and record data, programs,
or the entire memory. After tape files
are recorded, they are automatically

verified against the calculator mem-
ory.

Cartridge drive bidirectional search
and rewind speeds are 90 in./s (2286
mm/s) and read/write speed is 22
in./s (559 mm/s). Average access
time is, therefore, 6 s. Transfer rate
is 2750 bytes/s, typical access rate
is 14,300 bytes/s, typ rewind time is
19 s end-to-end, and typ erase time
is 40 s for one entire track. Since
the calculator always knows the lo-
cation on the tape, it is able to search
in either direction for the next bit
of information, thereby saving time.
Also, an operator can interrupt a
long program, load the data onto
the cartridge, run a short program,
and then restart the first program.

A built-in, 16-character, 5 x 7 dot
matrix, 190-line/min. thermal printer
and a 32-character LED display pro-
vide upper and lower case alpha-
numeric readout in a full ascix char-
acter set. Some European and Greek
character sets are ROM-addressable.

The standard calculator includes
8 kilobytes of internal read/write
memory, which is expandable in 8-
kilobyte increments to 32 kilobytes.
Optional ROMs can be added in four
plug-in slots in the front of the cal-
culator: striNGs, which provides
string arrays; 32,767 characters;
functions like length, position, value,
and capitalization; and concatena-
tion; ADVANCED PROGRAMMING: MA-
TRIX, which provides standard opera-
tors like invert (40 x 40 in 70 s),
transpose and multiplication, mu'ti-
dimensional array operators, and
scalar multiply; PLOTTER; GENERAL
1/0; and EXTENDED 1/0.

Three optional interface cards can
be accommodated simultaneously in
I/0 slots. These are a 16-bit parallel
card that may be used for general-
purpose interfacing, a BCD card for
use with BCD devices, and an HP-IB
card for instruments that conform to
IEEE Standard 488-1975.

High speed internal calculation is
provided by N-mos 11 (LSI) circuitry
designed by Hewlett-Packard. In addi-
tion to four bipolar display chips,
BPC processor, I/0, and extended
math chips are included. ROM is
based on a 16 x 1024 format.

Rear panel switches permit user
selection to match power sources of
100, 120, 220, or 240 V (+5%,
—10%), at 48 to 66 Hz. Power con-
sumption is 1.7, 1.5, 0.8, or 0.75 A,
respectively, for these voltages.

A number of peripherals can be
attached to the calculator. These in-
clude printer/plotter, plotter, paper
tape punch and reader, digitizer, and
the recently announced 9866B line
printer.

Circle 142 on Inquiry Card
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Introducing the industrys most advanced
100/200-megabyte OEM disk drives.

ISS 733-10/11 —benefits for all.

The new ISS 733-10/11 disk drives
are, by far, the most advanced random
access mass storage devices ever
designed for the OEM market. Their
numerous features are designed to
benefit both you and your customer. For
example, the 733-10/11 offer excep-
tional speed in both head positioning
and start/stop times. Compactness,
advanced sound insulating, and waist-
high pack loading are just a few of the
additional design considerations. The
big news, however, is the 733-10/11’s
field-upgrade capabilities. ISS 733-10,
with a 100-megabyte capacity, can

be easily field-upgraded to 200 mega-
bytes. Or the 200-megabyte capacity is
available immediately with ISS 733-11.
In addition, either unit can be ordered
with, or field-expanded to, dual port
capability.

Advanced interface design

for extended compatibility.

The advanced design of the ISS OEM
interface permits functional compati-
bility between ISS 733-10/11 and most
current model 40, 80, 100 and 200-
megabyte drives. As a result, controller
modifications are minimal.

ISS designed-in
performance features:

Standard power supply — The integral
power supply is designed to tolerate

wider variations of AC power, greatly
reducing susceptibility to powerline
brownouts.

Module select plug — Permits added
flexibility in disk address assignments
in multi-drive systems.

Data separation and write data
precompensation —All read/write
data encoding and decoding is per-
formed in the drive.

Absolute cylinder addressing —
Simplifies programming by performing
disk addressing functions in the drive
which are normally performed in the
controller

Industry standard media — 3336 and
3336-11 or equivalent disk packs.
Programmable sector mark —
Allows user to pre-select sector size
to suit his specific application.

Important extra-performance
options:

Dual port— ISS 733-10/11 can be
upgraded from single to dual port in the
field. Or, if you prefer, dual port can be
factory installed prior to delivery.
Sector counter — Permits system

to interrogate which data sector is
approaching the read/write heads.
Rotational position sensing—
Increases system throughput by sig-
naling to the using system when the
desired sector is approaching the
read/write heads.

CIRCLE 6 ON INQUIRY CARD

Address mark format — Specifically
for those who require variable record
lengths on their systems.

Daisy chaining — Dramatically
reduces cabling requirements.
Capacity upgrading — 100 megabyte
to 200 megabyte.

Round-the-clock ISS support.

ISS maintains a complete support
facility for all its customers. Spare parts
and technical assistance are available
round-the-clock and are as near

as your phone.

Write or call today.

We would like to give you more infor-
mation about the ISS 733-10/11 and
their many advantages. Just write or call
ISS marketing, 10435 N. Tantau Avenue,
Cupertino, CA 95014, (408) 257-6220.
ISS is an operating unit

of Sperry Univac.

"Technological leadership
for the generations ahead.

Sperry Univac is a division of Sperry Rand Corporation
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G-P System Performs
Batch and Time-Sharing
Operations Concurrently

Described by its manufacturers as a
medium scale computer with large
computer features but a small com-
puter price, DECsystem-20 is in-
tended for organizations that require
batch and time-sharing facilities but
until now could not afford the sys-
tems that have been available. The
general-purpose system, announced
by Digital Equipment Corp, 200 For-
est St, Marlborough, MA 01752, can
handle up to 64 time-sharing users
and permit batch operation at the
same time.

Primary markets are expected to
be in educational and engineering
facilities where users tend to be self-
sufficient and technically oriented, but
where the number of applications
will not be large enough to require
or warrant the cost of a very large
system. The first DECsystem-20 is
scheduled to be delivered this month.

Needs of most users will be met
by a configuration of 96 thousand
37-bit words (36 data bits plus par-
ity) of core memory, 16 asynchronous
ports, two RP04 disc drives, two
TU16 tape drives, one 300-card/min.
reader, and one 300-line/min. printer.
However, full capacity of 256 thou-
sand words of memory, 64 ports, eight

disc drives (800 million characters),
eight tape drives, one 300- or 1200-
card/min. reader, and one 300- or
1200-line/min. printer can be attained
later by users who want to start with
a basic configuration that meets
present needs but then update to
meet growth requirements. Only 28 ft2
are required for processor, memory,
and I/0 controllers.

The central processor unit (CPU)
is built of high density multilayer
circuit boards and emitter-coupled
logic. It contains a microcoded in-
struction set, 16 integrated -circuit
general-purpose registers, two ac-
counting meters, three performance
and monitoring meters (interval tim-
er, time base, and performance analy-
sis counter), and interrupt and trap
facilities.

383 logically grouped instructions
enable programs to use far fewer in-
structions to perform a given func-
tion. This not only allows programs
to be shorter than on other com-
puters but also simplifies the moni-
tor, language processors, and utility
programs. (Compiled programs, for
example, can be 30 to 50% shorter
and therefore require less memory
and shorter execution time than on
other comparable computers.)

Some of the key functions pro-
vided by hardware include 70-bit
double precision fixed- and floating-

UP TO 8 UPTO 8
MAGNETIC DISC DRIVES
TAPE DRIVES (800 % 106 CHAR)

| CONSOLE

_ | CONTROLLER

TERMINAL

300-OR 1200-
CARD/MIN

READER Hardware configuration

of fully complemented
DECsystem-20. Aver-
age organization would

300-OR 1200~
LINE /MIN.
PRINTER

veto bt consist of only 96
HRONOU!

COMMUNICATIONS thousand WOI'dS Of
LINES memory, 16 communi-

cations lines, two 100-

million-character tape

drives, two 45-in./s

tape drives, one 300-

ool card/min. reader, and

(FLOPPY DISC) one 300-line/min.
printer

REMOTE
DIAGNOSTIC
LINK
BOOTSTRAP

MAINTENANCE /
BOOTSTRAP DISC
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point arithmetic; hardware stack in-
structions which ease shareable pro-
grams and fully recursive subroutines;
and a flexible business instruction
set with sophisticated editing and
character handling capabilities. Such
capabilities include check protection
through floating currency signs, lead-
ing zero suppression, EBCDIC-t0-ASCII
character set translation, and binary-
to-decimal, decimal-to-binary conver-
sion.

The instruction set is logically
grouped into families of instructions,
and mnemonic codes have a consistent
format. All instructions are capable
of directly addressing a full 256
thousand words of virtual memory
without resorting to base registers,
displacement addressing, or indirect
addressing. However, instructions may
use indexing with indirect addressing
at any level. Most instruction classes,
including floating-point, allow im-
mediate mode addressing. Also, the
instruction set includes a large num-
ber of operation codes which trap
to either the monitor or the user
area, permitting a full range of pro-
grammable monitor and subsystem
calls,

General-purpose registers can be
used as accumulators, index registers,
or the first 16 locations in memory
(thereby eliminating a reference to
main memory). By providing eight
sets of registers (with 500-ns regis-
ter switching time), the need for sav-
ing user-register contents during con-
text switching is eliminated. Since
the registers can be addressed as
memory, no special instructions are
required for register-to-register op-
erations.

Instructions are executed in either
Exec or User mode. In Exec mode, all
implemented instructions are legal;
the monitor runs in this mode and
is able to control all system re-
sources and the processor’s state. In
User mode, instructions such as direct
I/0 are illegal and cause a trap to
the monitor. (Users must issue moni-
tor calls for such system services.)

The interrupt facility does not re-
quire devices to be hard-wired to a
particular level. Instead, devices are
assigned under program control to
any one of seven priority levels
through the dynamic loading of de-
vice registers. Therefore, the monitor
can change the priority level of any
device or disconnect the device from
the system and later reinstate it at
another level. Priority level 0 is
above the seven programmable levels
and is reserved for the front-end pro-
cessor which, therefore, is able to
interrupt the system at any time for
console or diagnostic operations.

(Continued on p 37)



Announcing

Honeywell’s Series 60,
Level 6.

Our new minicomputey- SR
it’s small and quick
and very smart.



Now Honeywell has a whole new
family of minicomputers.

Level 6 means high-reliability hardware that’s
easy to program,easy to configure,easy to service.

For only $2634F

Powerful central system
architecture: Level 6 architec-
ture is designed to support the most
demanding minicomputer applica-
tions, and provide a full range of -
compatible systems from which the
user will be able to select the one
best suited to his requirements.
Initial models include many of the
following architectural features:
 Microprogrammed instruction set
with writeable control store avail-
able to the user.
¢ Direct addressing up to 8 million
words of memory.

e Minimum of 18 programmable
hardware registers.

* Bit, byte, word and multi-word
addressing.

* Hardware stack and queue
management.

¢ Proven N-channel MOS memory
in 8K by 16-bit modules, with

byte parity and up to 32K words on
a single board. Cycle time is 650
nanoseconds.

* Error detection and correction
(Corrects single bit, detects two-
bit errors).

* Memory management hardware.
* Over 100 basic instructions, with
more than 600 variations.

¢ High-performance scientific and
commercial instruction set
extensions.

e Common asynchronous
Megabus™ operating in an inter-
leaved mode, with a bandwidth of
6 million bytes per second.

* Vectored interrupt capability with
up to 64 interrupt priority levels.

e Separate trap structure with more

Level 6 offers a choice of rack-mountable, cabinet and tabletop models. Level 6 also includes
anew full line of low-cost peripherals in both tabletop and rack-mounted versions. Shown

are the tabletop minicomputer, diskette and CRT.

than 20 unique entry points.

* Microprogrammed input-output
controllers.

* Multiprocessor and networking
capabilities.

The benefits include the ability
to write compact and efficient pro-
grams, increased processing speed,
reduced memory utilization and
memory management overhead,
reduced software overhead,
increased throughput, and the
capacity to handle large and versa-
tile configurations.

Models 6/34 and 6/36 incorpo-
rate subsets of the above features
and are immediately available.
These models are well suited for
OEM and system-builder applica-
tions. Maximum memory for the
6/34 is 32K words, and for the 6/36,
64K words.

Advanced modularity:
Level 6 combines TTL logic, LSI
and MSI circuitry, firmware-driven
microprocessors, MOS memory,
and etched wire connections in a
new way to achieve plug-in modu-
lanty with optimum configurability
and replaceability. Specifically:
* The entire central processor is
contained on a single board 15"x16'".
e Other 15" x 16" boards are
devoted to the memory, communi-
cations processor, peripheral con-
troller, and user interface.
* Functional modules (i.e. device
adapters and memory modules)
plug into the 15" x 16" boards.
* Boards fit into the bus without
backplane wiring.

*U.S. price in quantities of 50 for rack-mountable Model 6/34. Includes 8K words of MOS memory, with parity, multiply/divide, realtime clock, and bootstrap loader.



These features offer the follow-
ing benefits: The sharing of costly
logic elements such as controller
microprocessors and memory error
correction lowers the system cost.
A system can be easily configured
through the selection of a minimum
number of appropriate boards and
modules. Fewer components
and connections mean increased
system reliability. And serviceability
is improved by having fewer — as
well as more easily replaceable —
components.

Microprogrammed communi-
cations processor: Honeywell's
multiline communications board
functions as a true front-end proc-
essor. It offers unusually powerful

communications capability at
moderate cost.

* Separately programmable mem-
ory allows tailoring to individual
requirements.

* Usable memory of 4096 bytes
enables execution of complex line-
handling procedures with no cen-
tral processor involvement.

* Each board handles up to eight
full-duplex lines.

e A variety of modules adapt the
communications processor for dif-
ferent line types and speeds (up to
four modules per board, line types
and speeds may be mixed on the
same board).

As aresult, the central processor
is relieved of most of the data com-

munications overhead, and the user
has maximum application flexibility.

Built-in test and verification:
The Level 6 system provides an
automatic configuration integrity
check and self-diagnosis:

e Light-emitting diodes on the cen-
tral processor and each controller
board verify logic quality.

* A console indicator verifies that
boards, terminators, and bus cabling
are properly connected at time of
system initialization.

By means of these features,
together with the simple replace-
ability of boards and plug-in mod-
ules, the Honeywell Level 6 sys-
tem is designed to be the most serv-
iceable minicomputer ever built.




Efficient system-building * Disk-based multitasking realtime  patibility via the Model 6/06. The

software: Honeywell has gained operating system. 6/06 incorporates the packaging
considerable system building expe-  ® Assembler, FORTRAN and and technology advances of Level 6
rience through the application of utilities. and supports the full range of
minicomputers within the general These are the first results of a System 700 software and periph-
purpose computer and control sys-  comprehensive software develop-  erals. Memory is available in 8K
tem segments of its business. This ~ ment program. Scheduled for future ~ word increments up to 64K. Sys-
experience, together with the release are additional higher level tems are available for immediate
expertise gathered in ten years of languages, communications soft- shipment.

sEEeR : ware enhancements, and operat- For more information, please

ing system extensions. mail us the coupon or circl¢ number
System 700 compatibility: 125 onreader card. We'dlike to

Level 6 offers System 700 com- show you why Honeywell's Level 6
is the biggest news in minicom-

puters today.

‘ _

building minicomputers, has been
applied to Level 6 hardware and
software design to produce inte-
grated system products particu-
larly well-suited to a wide variety of
jobs. The initial software includes:

* Stand-alone program develop-
ment system.

* Stand-alone multitasking real-
time executive.

‘ The Model 6/06 is offered with a variety
of peripherals. The configurations shown
include disk drive, CRT, tape cassette
unit, card reader, printer, and paper tape
reader/punch.

The Other Computer Company:
Honeywell

Honeywell Information Systems, 200 Smith Street, MS 440, Waltham, Massachusetts 02154

[] Please send me more information about Level 6 minicomputers.
[ Please have a salesman call.

Name

Title

Company

Address

City State Zip

Phone

To help you answer my request more effectively, here’s some basic information:
I'man[JOEM  [OJEnd-user [J lhave aneed for
My intended application(s) is
| am interested in Model(s) [J] 6/34 and 6/36 [ 6/06

minicomputers during 1976

FG
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A trapping mechanism handles
certain conditions which affect a sin-
gle job. Such conditions include ad-
dress violation, arithmetic overflow,
pushdown overflow, illegal instruc-
tion, monitor calls, and page fauits.

Memory modules are integral to
the CPU, thereby alowing faster
memory accessing than with com-
parable external memories. Single ac-
cess memory cycle time is 1.28 pus.
However, effective accessing rates are
greatly enhanced through several fea-
tures. For instance, software-settable
switches provide 2- and 4-way inter-
leaving which is initialized at system
start-up time. Up to four data words
may be accessed by a single memory
reference. This provides a memory
bandwidth of more than 7 mega-
bytes/s (1.8 million 36-bit words/s)
when 4-way interleaved.

Because memory-address mapping
hardware has been developed in con-
junction with software, memory man-
agement is totally transparent to the
user. Physical core memory is di-
vided into 512-word segments or
pages. All addresses (both monitor
and user) are translated from vir-
tual address to the physical memory
address space. Only a portion of the
monitor therefore need be permanent-
ly core resident.

Page maps—one for the monitor
and one for each user—exist in core.
These contain storage address point-
ers which identify either a page in
core or one on disc of three basic
types: private (belongs to only one
user), shared (used by more than
one user), or indirect (points to an-
other map page where the pointer
may again be one of three types).
Control bits are also present to serve
various functions, such as to indicate
that the page is read only, or that
currently no physical page corre-
sponds to this address slot.

High speed mass storage control-
lers, called integrated Massbus con-
trollers, interface disc and tape drives
to the integrated data channels in
the memory controller. Since each
controller is connected to the mem-
ory system with its own built-in chan-
nel, all controllers can transfer data
simultaneously. Parallel data and con-
trol paths in the Massbus permit
simultaneous operations.

Front-end processor for the system
is a PDP-11. It is used for control
of low speed peripherals, console
operations for the CPU, online and
remote diagnostic analysis, and micro-

code loading and system startup. In-
terface with the CPU permits 2-way
data transfers.

Even if the CPU is inoperative, the
front-end processor can examine the
data paths and control its logic.
Failure of system power is sensed by
a detection circuit that causes an in-
terrupt. All three phases of ac power
are monitored and low voltage on
any phase will initiate a power-down
sequence.

Fully compatible with the inter-
active time-sharing mode, the batch
system enables both types of jobs to
be executed concurrentiy. Batch jobs
can be entered either through punched
cards or through a wuser’s terminal.
Batch programs consist of input spool-
er, batch controller, centralized queue
manager and task scheduler, and out-
put spoolers. Multiple batch jobs may
be run concurrently.

The programmer may choose from
among several languages—cosoL,
FORTRAN, BASIC, APL, ALGOL, CPL,
and MAcro—depending on which is
best suited to his application and ex-
perience. ANsI-68 COBOL supports
ISAM, for high performance sorting
and simultaneous updating, and
DBMS, a data base management sys-
tem. The other languages are valu-
able either to solve scientific prob-
lems or to aid beginning program-
mers.

Circle 143 on Inquiry Card

Remote Intelligent MUX
Preprocesses Data Before
Transmitting to Host CPU

For distributed data acquisition and
control in the processing industries,
General Automation Inc, 1055 South
East St, Anaheim, CA 92805, has in-
troduced a Remote Intelligent Multi-
plexer (RIM) with an integral 16-bit
microcomputer, which provides com-
putational power, field-expandable
I/0, communications back-up, host-
independent control and data log-
ging, and local display. The unit
provides substantial savings in cabling
costs alone by accommodating all
communications from a process to a
computer over four twisted-pair tele-
phone grade cables at $1/ft instead
of 32-conductor refinery-grade cables
at $6/ft. In addition, provision of
data acquisition and processing pow-
er and interrupt servicing at the pro-

cess significantly reduces the com-
munications load on the supervisory
computer.

A basic unit consists of GA-16/220
microcomputer with 8K words of semi-
conductor memory, high speed syn-
chronous data link control (SDLC)
communications controller for point-
to-point or multidrop networks, 5%”
CRT/keyboard operator’s console,
and a ROM loader for exchanging
programs and data with a remotely
located host computer. Provision is
made within the standard 72" cabinet
for addition of 10 standard I/O in-
terface cards to allow signals such
as wide-range or low-level analog
input, current or voltage analog out-
puts, and isolated digital ac or dc
inputs and outputs. Using additional
enclosures, the multiplexer can ac-
commodate up to 256 analog inputs,
128 analog outputs, and any com-
bination of 512 digital inputs and
outputs.

In cases where the RIM unit is
located more than 2000 ft from the
host computer, conventional data
modems or other analog communica-
tions links may be used to effect
communication between RIM and host
computer. Data rates may range from
9600 baud to several hundred kilo-
baud. The controller is capable of
multidrop operation with up to 255
stations attached to a master com-
puter, permitting users to tie essen-
tially all remote data acquisition in-
to one host via a single data pathway.
SDLC discipline provides data se-
curity and high speed for the multi-
plexer.

Since the RIM is based on a con-
ventional programmable microcom-
puter, it can be programmed to per-
form numerous data acquisition and
processing tasks. Software modularity
permits custom tailoring through
simple table changes. The unit’s moni-
tor functions to control scanning and
coordinate communications with the
host computer. It is also responsible
for bootstrapping the RIM memory
from the host on power-up, and for
coordination of communications to
and from the optional operator CRT.

RIM is specified for two scan rates:
one covers analog outputs and dig-
ital inputs and outputs; the second
specifies a per-point basis for analog
inputs and consists of a scan inter-
val and time slot in which to sample
the variable. Analog input pdints are
filtered with a single stage, low-pass
digital filter and are processed by a
second-order linearizing and conver-
sion routine; values can then be com-
pared against high and low setpoint
limits with hysteresis.

Circle 144 on Inquiry Card a
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DEVELOPMENTS

Manufacturing Process
Improves Characteristics
of Plated Wire Memories

A process for the manufacture of
plated memory wire, based on a
patent recently issued to Raytheon
Co, Lexington, Mass, is said to result
in a memory device with improved
storage and readout characteristics
as well as increased manufacturing
yield. The method, invented by Emil
Toledo, chief metallurgist at the
company’s Equipment Development
Laboratories in Sudbury, Mass, in-
volves adding one copper and two
Permalloy™ plates to raw beryllium
copper wire in a carefully con-
trolled process. Although initially in-
tended for the manufacture of 5-mil
diameter wire, a similar but more
complex process has also been de-
veloped for the manufacture of 2.5-
mil wire.

Routinely, the manufacture of an
acceptable plated-wire element for
critical military applications involves
inherent problems at several stages:
raw wire and surface preparation,
copper plating, Permalloy plating,
magnetic heat treating, and online
testing. In addition, there is a limi-
tation imposed by nondestructive
readout (NDRO) wire requirements.

Because of the lack of control
over the

(BeCu) wire—tensile strength, elec-
trical conductivity, surface topog-
raphy, and oxidation—it was neces-
sary to develop an electro-polishing
(EP) bath capable of improving the
worst available wire to a point where
end product yields with that mate-
rial could exceed 20%. However,
this EP bath had to provide fast op-
eration (remove 0.5 mil/dia of 5-mil
wire at 20”/min. line speed); re-
move or level both horizontal (die
marks) and vertical defects; possess
wide operating ranges chemically,
electrically (current density), and
thermally; solve the problems of
selective etching of cobalt beryl,
copper, copper corrosion products,
and beryl oxides; and yield readily
reproducible results.

The standard phosphoric acid EP
bath for copper is too slow and se-
lectively etches cobalt, beryls, and
copper. Also, the standard EP bath
for beryllium (phosphoric, sulfuric,
and chromic acids) has a narrow op-
erating range and selectively etches
cobalt beryl areas. Adding 1% fluo-
boric acid to this bath eliminated
the selective etching of cobalt beryl.
Finally, a patented bath that pro-
duced a much wider operating range
than the standard beryllium bath
was developed by balancing with
3% sulfuric acid, 5% chromic acid,

Cu PLATE

PERMALLOY
FILMS

(NOT TO SCALE)

Be Cu
SUBSTRATE

Cross-section of a plated
memory wire using two
“mated” magnetic films. A
fabrication process, in-
vented by a Raytheon
metallurgist, results in
good reproducibility, con-
sistent properties, higher
yields of acceptable
lengths of plated wire, and
ability of the plated wire
to store closely spaced
magnetic bits of informa-
tion

Preparation of a chemically pure
substrate by copper plating the BeCu
wire overcomes a major problem. In
order to produce a suitable sub-
strate the surface must be rough to
provide good adjacent bit resistance

raw beryllium copper 80% phosphoric acid, and 11% water. and homogenous for good dispersion
REMOVE FINE NEUTRALIZE STEERING OUTPUT
SURFACE SURFACE SURFACE FILM FILM
DEFECTS CONTROL
WIRE COLLECTION
CORROSION IMPROVED SKEW
PROTECTION AND STABILITY GROUND
OF WIRE CONTACT
Process flow for Raytheon’s ‘“mated” film plated wire. Keys to the success of this process are
the ability to treat raw wire of inconsistent quality such that it will accept a control plate of
copper, and then to add two plates of Permalloy film, one at high Hx (anisotropy field parameter
of =6 oersteds) and one at low Hx (=4 oersteds)
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You asked for it...
the Skinny Flopp
from Shugart!!

Introducing the SA800/801R...the new member
of the most popular Floppy Disk Drive family,
now available for mounting two

units horizontally in a
standard 19-inch
Retma rack...or
desk top, too!!

The SA800/801R, custom designed
with the user in mind, is identical to
its 20,000 predecessors in the field
today except for a new slim line base
casting. Just one more example of
Shugart’s response to requirements in the
Floppy Disk marketplace.

The SA800/801R features single or double

density recording capabilities, IBM compatibility,

a ceramic read/write recording head, a superior die
cast base plate and cartridge guide that guarantees
positive diskette registration on every insertion increasing
overall performance and reliability . .. all of the outstanding
features you receive with our standard SA800/801.

Take a good look at the unique design of the SA800/801R when
you plan your next Floppy Disk System. The SA800/801R can be
packaged either horizontally or vertically and offers numerous
features that our competitors do not have.

For further information regarding the ultimate in Floppy Disk Drives,
contact our Marketing Department in Sunnyvale, California. We can
stack 'em any way you want them.

CIRCLE 20 ON INQUIRY CARD

SHUGART ASSOCIRTES

435 Indio Way, Sunnyvale, California 94086 (408) 733-0100 TWX: 910/339-9355 SHUGART SUVL
Europe: 74 Rue d'Arcueil, Cedex 212, 94518 Rungis, France Telephone: (1) 686 80 01 Telex: 204594




Why more engineers
than aYl other microcom

The 8080 system comes with four CPU options, twenty-five performance matched
peripheral, /O and memory components, and the industry's most useful software and
hardware development systems. We've had the 8080 in volume production since
April 1974 and there are now major second sources. These are just a few of the reasons
why more engineers use the Intel 8080 system than all other microcomputers com-
bined. Join them and you'll eliminate complex random logic, save design time, and get
your products to market faster and at lower cost.

Start by replacing hundreds of TTL packages with the three LSI circuits in the
MC5-80™ CPU Group—the 8080A CPU, 8224 Clock Generator and 8228 System
Controller. Built into the Intel 8224 and 8228 are many of the extra functions that most
designs require, such as TTL & MOS clocks, auxiliary timing functions and current
MCS-80™ SYSTEM COMPONENTS sinking capability that keeps memory
and [/O interfaces simple.

A dozen I[/O and peripheral

Part No. | Description
CPU GROUP 8080A 8-bit Central Processor Unit, 2us cycle

8224 Clock Generator circuits that attach directly to the

e | svmemContoler ‘ system bus make it easy to add on
CPU OPTIONS e g e e peripheral subsystems. Five are

M8080A 2'ns“esc gycle (—55to +125°C) programmable LSI devices. These

operate under software control in
numerous modes and can often re-
place up to 75—or more—TTL
packages each. For example, the
Intel 8251 Programmable Communi-
cation Interface provides virtually

all serial data transmission protocols
in use today, including IBM Bi-Sync.
Or, for easy interface to printers, key-
boards, displays and motor drives,
use the 8255 Programmable Peri-
pheral Interface. You can reorganize

PROMs 8604 | 512x8,100ns : ' '
S its 24 I/O lines with software as your
8704 512 x 8 Erasable, 450 ns needs change.
8708 1Kx8Erasable 450ns You have thirteen options in
ROMs 8302 256 X8, fus performance matched standard
8316A | 2Kx8 830 n memory circuits, such as 16K ROMs,
RAMs 5101 256 x 4 Static CMOS, 650 ns 8K erasable PROMs and 4K RAMs
g:g;ﬁ-g ﬁs x 4S?taticé?_,500 ns for high density at low cost, plus
6 x 1 Static, ns
8102A-4 | 1Kx 1 Static, 450 ns CMOS RAMs for lowest LOWEL.
8107B | 4Kx 1 Dynamic, 420 ns You also get four CPU choices,
8111A-4 | 256 x 4 Static Common I/0, 450 ns including the M8080A for operation

*Available 1st quarter 1976.
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use the Inte] 8080 system
puters combined.

at —55to +125°C, and the 8080A-1 with a 1.3 microsecond
instruction cycle for higher speed applications.

To help minimize system.
development time use the
third generation Intellec®
MDS microcomputer hard-
ware/software develop-
ment system. This de-
velopment system
with its unique ICE-
80 in-circuit emu-

lator lets you

CRE o SR simultaneously

CONTROLER debug software
and hardware,
from initial proto-
typing right through
production. The Intellec
MDS is supported by six comprehensive software packages including a macro-
assembler, ICE-80 interactive software driver and a diskette operating system.

In addition to the software packages in the development system, three cross
product software packages are available on magnetic tape and on several time share
networks. The Intel 8080 system is also supported by the industry's largest user's
library, training courses and field applications assistance.

Start now with the new MCS-80 System Design Kit. It's a complete system for
only $350 and includes: An 8080A CPU, Clock Generator, System Controller, Pro-
grammable Communications Interface and a Programmable Peripheral Interface. You
also get two 1 of 8 binary decoders, 256 bytes of static RAM, two kilobytes of erasable
PROM (with the system monitor supplied in one kilobyte), a PC board, clock crystal,
connectors, other assembly parts, plus a user's manual and programming manuals.

To order the MCS-80 kit, contact our franchised distributors: Almac/Stroum,
Component Specialties, Cramer, Elmar, Hamilton-Avnet, Industrial Components,
Liberty, Pioneer, Sheridan or L.A. Varah.

For your free copy of the new 8080 system brochure and our Intellec MDS
brochure, write: Intel Corporation, 3065 Bowers Ave., Santa Clara, Calif. 95051. For
$5.00 we'll send you a copy of our new 236 page 8080 Microcomputer Systems
User's Manual that includes complete hardware, software and interfacing data for
all 8080 systems.

Intel Microcomputers. First from the beginning.
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DEVELOPMENTS

and high output. There must be low
plating stresses and absorbed hy-
drogen levels for good environmen-
tal stability, and the copper plating
must be of constant thickness with
an equi-axed grain structure to assure
a consistent subsequent magnetic
plating. Both solution and cell must
be capable of plating at high cur-
rent densities to produce a sound,
thick copper; must consistently pro-
duce a fine, controllable, nodular,
homogenous substrate for consistent
memory properties from bit to bit;
and must provide consistently good
adhesion onto a BeCu wire substrate.
The copper bath must have good
throwing power for even plating,
be able to level out defects not com-
pletely removed by the EP bath,
be safe for nonprofessionals to use,
and be easy to control, with wide
chemistry, temperature, and current
density tolerance levels.

Although several copper electro-
plating methods meet some of these
requirements, no single procedure
solves all of the problems; each has
inherent undesired effects such as
poor surface, narrow tolerance levels,
and failure to produce equi-axed
grain structure. Best results occurred
with a modified potassium cyanide
bath which overcomes all processing
problems but which is not safe for
use by untrained personnel.

For the copper electroplating
stage finally decided upon, a copper
cyanide solution is used rather than
acid solutions. Hot solution from a
reservoir tank (which keeps the solu-
tion at 50°C) is pumped into an over-
head tank to provide a constant head
for flow of solution into the copper
plating cell. The copper -cyanide
plating bath consists of 30 g/l po-
tassium carbonate, 15 g/l potassium
hydroxide, 60 g/l potassium cyanide,
and 60 g/l copper cyanide and has
a free cyanide concentration main-
tained at 16 to 24 g/l. The bath
surface is monitored continuously,
microscopically and magnetically, to
assure fabrication of a good quality
wire surface. Adding trace amounts
of cobalt optimizes topography of
the substrate.

Most Permalloy films are prepared
from metal sulfate electrolytes con-
taining saccharine or other agents to
control grain size. Such film can be
plated by the mono-film process
(which defines a single homogeneous
film) or the mated-film process
(which involves plating one high-
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anisotropy film of nickel-cobalt fol-
lowed by a low-anisotropy film of
nickel-iron).

Key feature of this invention is a
magnetic plating stage consisting of
two magnetic plating cells and a
stage similar in construction and de-
sign to the copper plating stage. In-
ternal construction of the plating
cell design, when used with the cor-
rect magnetic plating solution, pro-
duces an NDRO wire acceptable for
missile system memory applications.
The magnetic plating solution con-
sists of nickel sulfate and nickel
chloride in a 3:1 ratio with sufficient
ferrous ammonium sulfate to pro-
duce the desired zero magnetostric-
tive film. The bath also contains
boric acid, saccharine, and a wetting
agent.

Magnetic heat treatment improves
basic magnetic properties to accept-
able levels and controls skew of the
wire. Without magnetic heat treat-
ment, plated wire becomes complete-
ly unsuitable as a memory element.
It is done by applying heat in
through-furnace coils and passing
orienting current through the wire
in a ceramic tube. A magnetic field
of 25 oersteds is produced by passing
current through coils located around
the ceramic furnace tubes. Furnace
temperature reaches 350 to 360°C,
and orienting current heats wire an
additional 10 to 20°C.

Continuous online testing insures
the high quality of the product. Each
bit length (55 mils) undergoes 10
tests to a severe pulse pattern. De-
fect-free wires, 256 bits long, are
cut to a prescribed length auto-
matically; defective pieces are cut
and discarded.

According to Joseph P. McNamara,
manager of the Laboratories’ memory
design section, typical applications
of the 2.5-mil plated memory wire
are in systems requiring fast, reli-
able, nondestructive readout, non-
volatile, electrically alterable mem-
ory. Usage through the early 1980s
is foreseen in aircraft, missile, and
spacecraft guidance systems, as well
as in high reliability controllers such
as those used for large automated
machine tools.

Computer Speech Analysis
May Be Key to Low Cost
Voice Response Systems

A small, solid-state voice synthe-
sizer combined with highly com-
pressed digital vocabularies which
may be stored in the memory of any

Speech waveforms of the r sound
in “three.” An ordinary waveform
appears at top; computer analy-

sis, however, extracts spectral
features which are displayed at
discrete points in time (bottom).
Each horizontal trace represents
a 10-ms slice of the entire word.
Peaks on each trace (vertical
scale) show concentration of
energy at certain frequencies
(horizontal scale) which are
coded as part of the control data
for the synthesizer

digital processor, such as a minicom-
puter or microprocessor, form the
basis of a voice generator developed
by Speech Technology Corp, Santa
Monica, Calif. According to John E.
Stork, the company’s president, this
development permits voice response
to be applied in areas where it was
previously impractical because of the
high cost of conventional voice-re-
sponse methods.

Key element is the software tech-
nique developed by the company.
While electronic speech synthesis is
not new, it has progressed from early
means which duplicated the energy
spectrum of speech sounds, to modern
methods in which the synthesizer is
a model of the human vocal tract—
either in terms of the acoustic fea-
tures of speech or the physiological
functions of speech generation.

A difficult problem has been the
derivation of control functions which
will make the synthesizer produce
natural speech. The method used by
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Announcing the Sykes
OEM Floppy System Kit.
An idea whose

time has come.

With our $1,398 kit and your imagination, nothing can stop you now.

Sooner or later someone was bound to
offer all the pieces—a smart controller,
disk drives, interface cables—
everything you need to build the
machine of your dreams. Everything you
need to talk to your microprocessor.

And wouldn’t you know Sykes would be
the company to put all the pieces
together for you in one kit?

THE KIT. The Sykes OEM Floppy
System Kit gives you either an IBM
compatible or Dual Density controller;
one, two, three or four floppy disk drives
per controller; interface cables from
controller to disk drive; hardware
interface for microprocessors.

PERFORMANCE. The heart of the kit, of
course, is our controller. It provides
hardware for what you ordinarily do in
software. It saves time and money in
developing, documenting and main-
taining your system. You get the
following hardware features with either
the IBM compatible (256K
Bytes/diskette) or the Dual Density
(630K Bytes/diskette) controller:

e Hardware address search

e Automatic sector and track
sequencing

e FIFO buffer for asynchronous
operation

e Automatic CRC generation and
detection

PACKAGING. The packaging is unique;
the total controller is contained on a
single PC board and pancakes directly
to one disk drive giving you minimum
volume requirements for your overall
system.

INTERFACES ONLY AN OEM COULD
LOVE. When your microprocessor
interfaces with our OEM Floppy Kit you'll
use only 13 I/O lines. That's right, just
13: 1 Reset line, 3 Control lines, 1 Flag
line and 8 Bi-directional data lines.

Our unique 8-bit Bi-directional bus is
configured to transmit disk commands,
status and data. Its simplicity drastically
reduces the number of 1/O lines, and
connector requirements normally
required in disk interfaces.

If you are using a standard mini, we've
probably got a plug compatible
interface and software for that too.

PRICE. Just $1,398 buys you a single
drive kit at quantity one. Obviously,
attractive OEM quantity discounts are
available.

WE MANUFACTURE WHAT WE SELL.
Sykes manufactures all the elements of
our OEM Floppy Kit. Our disk drive has
been extensively field tested, with
several thousand of them in use right
now throughout the world.

YOUR LETTERHEAD IS WORTH
$100. Drop us a brief note on your
company stationery asking for more
information on the OEM Floppy Kit. Or
call our marketing department at

(716) 458-8000. If your inquiry results in
an order for a complete kit, we'll apply a
$100 discount to your order. Offer
expires April 1, 1976.

E "E5®
SYKES DATATRONICS INC.- 375 ORCHARD ST.- ROCHESTER, N.Y. 14606 « 716 458-8000 "
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AMI 6800:
The whole Kit.

Smart Terminal.

Complete program editing
through CRT and keyboard. Also
includes Modem communication

to remote computers.

assembler, loader,
simulator.

' l TELE-
TYPEWRITER

Our AMI 6800 Kit is a big step forward in
simplifying your design, evaluationand test programs.
For example, our intelligent CRT is simple to
operate with either resident or remote software. It
really is smart, because it contains an S6800! And it’s
planned to have an in-circuit emulator added later.

Our dual disk is extremely useful for developing
programs, and saves you hours of paper tape
shuffling. And our Evaluation Board is loaded with

MagneticTape.

Cross product software—

AMI 6800
Family.
It all here: MPU,

RAM,ROM, PIA,  gpealyation Board.
£ EROM, Includes everythin need
USRT and Modem. ything you nee

to evaluate parts, program
PROMs and, connected
with a peripheral, run
programs.

By test, the best.

all the parts you need to get your product on the
market on time.

Now for the Caboodle. The dictionary calls it a
“package?” You'll call it the neatest set of instructions
for any kit youve ever bought.

Now why don'’t you call your nearest AMI sales
office or distributor, and ask them for the whole
Kit and Caboodle. Or write AMI, 3800 Homestead
Road, Santa Clara, CA 95051. What could be easier?

Dual Floppy Disk.
Storage for resident
software—assembler,
editor, etc.

Disk Program
Storage.

500K bytes for
program develop-
ment and on-
line data storage.
Cuts out the
paper tape!

Here’s where
you pickup your Kit.

SALES OFFICES

Manhattan Beach CA e (213) 379-2452
San Jose CA e (408) 249-4550
Altamonte Springs FL  (305) 830-8889
Elk Grove Vll\age ILO 312] 437 6496
Norwood M 7)7

Livonia M| e [313] 478 933
Minneapolis MN e (612) 559-9004
Monsey NY e (914) 352-5333
Cleveland OH e (216) 292-6850
Ambler PA e (215) 643-0217
Richardson TX e (214) 231-5721
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And Caboodle.

Software Brochure.

A rundown on AMI software
products including assembler,
loader and simulator.

Evaluation Board
Application Notes.
The why and wherefore of our
Prototyping System, and how
to make the most of it!

el i, 5

Describes the instruction set and
how to use the AMI
Assembler and

Simulator.

DISTRIBUTORS Florida—Hollywood (305) 927-0511
Georgia—Atlanta (404) 449-9170
ALTA ELECTRONICS Ilinois—Elk Grove Village

Utah—Salt Lake City (801) 486-7227 (312) 593-2740

ARROW ELECTRONICS Iowa—(gedar Rapids “Lorenz Sales

19) 393-0100
Minnesota—Bloomington N
(612) 888-5522 Maryland— Rockville (:;01 ) 881-3300

Massachusens—Wa

CENTURY ELECTRONICS ) 890-8484

New Mexico—Albuquerque Mlch|gan Troy (313) 583-9242
(505) 292-2700 Minnesota— Edina (612) 941-5280

Utah—Salit Lake City (801) 487-8551 New Jersey—Somerset

(201) 469-6008
INTERMARK ELECTRONICS
Washington— Seattle (206) 76 7-3160 New York— Rochester (716) 461-4000

Canada— Mississauga, Ont

(416) 678-9050
SEMICOMP CORP:
California—Newport Beach

(213) 971-5253 and

(714) 833-3070
STERLING ELECTRONICS
Arlzona—Phoenlx 1502) 258-4531
Louisiana—Metai

(504) 887~ 7610
Massachuse(ls—Walertcwn

(617) 926-9720

New Je(sey Pert hAmboy

Westbury (516) 334-7474 (201) 442-8000
SCHWEBER ELECTRONICS Ohio—Beachwood (216) 464 2970 New Mexico—Albuquerque
28 (505) 345-6601

California—Costa Mesa (213) 924-5594 Texas—Austin (512) 837-
and (714) 556-3. Dallas (214) 661- 5010
Danbury (203) 792-3500 Houston (713) 784-3600

Texas—Dallas (214) 357-9131

Connecticut— Houston (713) 627-9800
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NCSS Users Manual.
All the magic necessary to work with
National CSS time-sharing network.

AMI Guide to
Standard Products.

All the MOS you might need in

addition to microprocessors.

AMI 6800 Brochure.
List of goodies. All you want to know
about the AMI 6800 family.

Hardware
Reference Manual.

A detailed description of each
component in the system, and
how to make them work!

(804) 335-6521

R.V.WEATHERFORD CO
Arizona—Phoenix (602) 272-7144
California—Anaheim (714) 547-0891
Glendale (213) 849-3451
Palo Alto (415) 493-5373
Pomona (714) 623-1261
San Diego
(714 278-7400
Colorado— Englewood
(303) 761-5432
New Mexico—Albuquerque
(505) 842-0868
Texas—Dallas (214) 243-1571
Houston (713 ) 688-7406
Washington—Seattl.
(206) 243- 6340

Virginia—Richmond “Meridian .

at AMIL

AMERICAN MICROSYSTEMS, INC.
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DEVELOPMENTS

this company starts with recordings
of speech typified by the waveform
in the top display of the Figure. Sam-
ples of the speech waveform are
subjected to highly involved, offline
computer analyses which reduce the
information in the waveform to short
codes that set up variable operating
parameters in the synthesizer to du-
plicate the waveform. One step in the
process is illustrated by the lower
display in the Figure, where speech
has been reduced to spectral fea-
tures from which some of the syn-
thesizer parameters can be derived.

This process provides an analog
of the human vocal tract. When high-
ly compressed digital codes stored
in read-only memory are supplied
to the synthesizer, human speech is
recreated—retaining regional accents
and usually allowing speaker identi-
fication. The method is so efficient
that it stores voice messages in only
2% of the memory space used by
conventional digitizing techniques.

Compressed digital codes used in
the voice generators are prepared
offline by highly automated computer
analysis of real speech. Stored vo-
cabularies may include separate
words as well as continuous phrases
in either male or female voice. Since
codes are transmitted from memory
to the synthesizer in short bursts,
many synthesizers can be operated
independently from a single vocab-
ulary memory. The development is
claimed to lead to a dramatic re-
duction in storage requirements for
the speech data while retaining
natural speaker intonation, regional
accents, and usually speaker identity.
Control data rates for the synthe-
sizer are typically 1000 bits/s (4 or
5 syllables), allowing economical
memory storage of substantial vocab-
ularies. Words, phrases, or sentences
are individually addressable, and a
common vocabulary can be simul-
taneously shared among a large
number of independent voice chan-
nels, each with its own synthesizer.

Evaluation units of a Model 200
voice generator, the first product to
incorporate this development, are
available with a standard 48-word
vocabulary. They are entirely self-
contained, solid-state voice response
units including vocabularies and
logic circuits to select prestored mes-
sages via a simple parallel digital
interface or from a serial data input
accepting Ascir codes at various stan-
dard baud rates. They can accept,
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without significant modification, addi-
tional plug-in message storage up to
two minutes of continuous speech.
Applications for the voice genera-
tor might be in digital communica-
tions systems for police cars and
taxicabs, patient monitors in hospitals,
wake-up systems for hotels, radio

interrogation to determine landing
conditions at unattended runways,
and talking calculators for the blind.
They could also be used in process
or control areas to eliminate distrac-
tions that occur when operators have
to look away from their work to ob-
tain instructions.

Environmental Seal Protects

Keyboard Mechanism and Circuitry

i

MOUNTING FRAME

STEEL RIB

keyboard mechanism

Consisting of keys or buttons molded as part of a continuous membrane,
environmental seal, developed by APM-Hexseal, protects keyboard mechanism
and circuitry. Protrusions above the membrane may be capped with single
or button-spanning legend caps to provide patterned button actuation. Pro-
trusions below the membrane fit onto the actuating stalks of the existing

Permitting keyboards to be used in
environments previously too hazard-
ous, an environmental seal has been
developed to protect both keyboard
mechanisms and circuitry. Keyboards
sealed with the device can be flushed
with soap and water or with solvents.

Disclosed by the APM-Hexseal Corp
of Englewood, NJ, which has ap-
plied for patents, the device replaces
all buttons on any existing keyboard
with its own keys or buttons, which
are molded as part of a continuous
silicone rubber membrane. When de-
signed into new equipment, the uni-
tized design eliminates the need for
standard actuator buttons.

Molded-in keys protrude above and
below the membrane. Protrusions
above the membrane are capped with

appropriate legends; those below the
membrane fit onto the actuating
stalks of the existing keyboard mech-
anism. A convoluted web between
each molded-in key permits full ac-
tuation without imparting any motion
to adjacent keys. The molded key-
and-membrane combination may be
removed as a unit, allowing work
to be performed on the underlying
switching mechanism.

Covers have either a fixed or mod-
ular design. Modular units have
changeable legend caps and multiple
(button-spanning) legend caps for
patterned button actuations. In the
fixed design, pattern actuations are
molded permanently into the sheet
and cannot be altered. Combination
units can be made for special re-
quirements.
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Choosing the best multi-channel analog
data acquisition system has always been a
trade off between the high performance of
an amplifier-per-channel or the lower cost
of differential multiplexing. Now System
620 offers both! And whichever you choose
you'll have a complete analog to digital
package ready to plug into your computer,
with specified end-to-end accuracy.

Amplifier-Per-Channel Series 100

Amplifier-per-channel is the recognized
superior technique for the acquisition of
low-level signals because of signalisolation,
low noise, high speed channel sampling,
high accuracy, and low crosstalk.

In just 4 short years, our Series 100 has
become the industry standard. With
features such as low pass active filters
having selectable cutoff frequency,
computer programmable input sensitivity,
and continuous analog outputs. And four
versatile differential input amplifier
configurations: low level, high level,
simultaneous sample and hold, and + 300
volt common mode.

The price is right, too. About $200 per
channel. And the system is compact —

64 channels plus control in 7 inches of
cabinet space, expandable to 256 or
2048 channels.

Differential Multiplexer Series 400
For high performance at a low price,

you can't find a better differential

multiplexer than our Series 400. It has

programmable input sensitivities from

5 millivolts to 10 volts, 10 kHz channel

sampling rate, and 120 dB crosstalk

rejection.

The solid state CMOS/FET differential
input switches are preceded by a 2-pole
low pass filter for each channel which
reduces undesired signal frequencies and
superimposed noise. Time and temperature
drift is eliminated by auto-zero circuits
in the programmable amplifier.

Series 400 is perfect for either small or
large installations, with expansion to
2048 channels. Cost is about $55 per
channel and 256 channels require only
7 inches of cabinet height.

Signal Conditioning Series 300
You asked for it. Now here it is. A
companion 620 unit which provides
transducer excitation and signal
conditioning. Series 300 has constant
voltage and constant current excitation.
Plug-in mode cards make it easy to
configure a channel for a particular
bridge, thermocouple, resistance
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temperature device (RTD) or other types
of transducers. Programmable calibration
is standard and shares computer interface
with either the amplifier-per-channel or
differential multiplexed System 620.

The Essential Computer Interface

Today, a high speed data acquisition
system is only as good as its computer
interface. System 620 offers standard
interfaces to most computers, some with
Direct Memory Access, for high speed
data transfer. Or, if you choose to design
your own, our TTL logic simplifies the
task by including most necessary interface
functions right in the system.

For the whole 620 story — amplifier-per-
channel, differential multiplexer and
signal conditioning — contact Neff today.

If you have an immediate requirement,
request our System 620 Users’ Manual —
30 pages of down-to-earth facts and figures.

EFF

Instrument Corporation

1088 E. Hamilton Rd., Duarte, CA. 91010
Telephone: (213) 357-2281




When you can buy all this for a total of 701

Expansion Slot for optional
Distributed 1/0 System

or Memory
Card Cage with

motherboard

Memory with 256 16-bit
words RAM and sockets
for sk ROM

10-Amp Power Supply
with cable assembly

CPU with Real-Time Clock
and AutoLoad capability

© — ———
u‘l‘t"---

The ALPHA LSI-3/05 Millicomputer. y
est priced, 16-bit, full-scale, packaged computer in the w



..nuilding your own just doesn't add up.

Sum and substance. An
unbeatable combination even for
our competition, so you needn’t
feel too badly.

Especially when you consider
everything we've got going for us.

Specialization, of course.
OEM computers — low-cost OEM
computers — are our only business.
The NAKED MINI® people,
remember? And when you do
only one thing, you do it better.

Experience, too. Over 10,000
up-and-running, field-proven
computers successfully integrated
into all kinds of sophisticated
OEM products.

Also, some things Henry
Ford would have appreciated.
Buying in volumes most OEM’s
can’'t manage. Building the
same way.

Where all that gets you is on
the down-hill side of the learning
curve...where we get our pay-off
and you get the lowest-priced,
most reliable computers around.

That explains why we can,
but not necessarily why you can't.
Here's the rest of the rationale:

The chip shot: a hit or a myth?

The fallacy of the micro-
processor is that a chip set isn’t
a computer. Even if you got your
chip sets free you still couldn’t
build a computer equivalent to
our ALPHA LSI-3/05 for $701.

Price out the subassemblies
shown in the picture and see what
we mean. CPU, memory, card
cage, power supply and console.
All of that design and develop-
ment time. Amortized over maybe
a few hundred systems?

Heart of the ALPHA LSI-3/05
shown at left is this NAKED™
MILLI central processor
and memory for $395*

ComputerAutomation
will build thousands of ALPHA
LSI-3/05 systems.

Then there’s the pack-
aging and fabrication. Cable
assemblies, too.

Just think about the procure-
ment activity alone. The lead time.

Getting our picture?

Maxi-Bus compatible ALPHA LSI-3/05 achieves
unprecedented cost-effectiveness with Computer-
Automation’s new Distributed 1/0 System.

Computers vs.computerization

How do you talk to a
computer?

Mostly with money, it turns
out. Interface money. And mostly
a lot of it.

Interfacing a computer to
one or two peripheral devices can
easily cost as much or more than
the computer itself.

Which is why we invented
the Distributed /O System. An
optional interfacing system
that simultaneously
interfaces up to 32
peripherals and spe-
cial devices, serial
or parallel in any
combination,
for less than
per

What you see is not exactly
what you get

Here's what else you get when
you buy an ALPHA LSI-3/05
millicomputer:

[1 95 powerful instructions

[ Individually vectored
interrupts

[ Direct Memory Access

(] Memory expansion to 32K

[J Maxi-Bus interchangeability
for easy upward expansion
to our full line of compatible
minicomputers

Plus full-fledged mini-

computer software.

From the people who
brought you the NAKED MINI®

The people with the largest
line of compatible computers in
the world.

The ALPHA LSI-3/05 is offered in three series
featuring a choice of card cages, consoles, mem-
ories and power supplies.

The people with the lowest-
priced computers in the world.

The people with the first
and only Distributed I/O System
in the world.

The people who've been
simplifying OEM build versus buy
decisions for years.

ComputerAutomation
NAKED MINI Division
U.S.A. 18651 Von Karman, Irvine, CA 92715
(714) 833-8830
EUROPE Hertford House, Denham Way, Maple
Cross, Rickmansworth WD3 2XD, Hertfordshire,
England; Telephone: Rickmansworth 71211

*All prices shown are for lots of 100 (U.S.A. only)

Patent Pending

For further information: Circle 25 on Inquiry Card.
Please have a salesman call: Circle 26 on Inquiry Card.



DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Digital Measurement of Shaft Position:

Synchros and Resolvers or Encoders

Sidney Davis

Associate Editor

Recently developed synchro/resolver-to-digital converters compare favor-
ably with more familiar shaft angle encoders, providing the digital control
engineer with a whole new set of design options

Output-shaft control is the ultimate objective in many
systems, whether or not the systems are computer con-
trolled. In digital computer-based systems, however,
the control aspects become even more significant be-
cause of the inherent need for a suitable means of
converting an analog angle to a corresponding digital
word, which may then interface with a digital computer.

Such systems range across the industry: numerical
control of machine tools, automation of factory and
processing-plant operations, military and industrial elec-
tromechanical control and measurement equipment,
shaft position and speed control, and hybrid computa-
tion. With the recent introduction of microprocessors
for control use, the importance of digital control of
shaft position, velocity, and acceleration in systems
yet to be designed is likely to be enhanced even more.

Two approaches that have received wide acceptance
for their performance and versatility are the shaft
angle encoder, and the analog synchro or resolver
plus a suitable converter. Principal objective of this
article is to discuss and compare these approaches such
that the system designer can then choose the one that
is better for his requirements.

Encoder vs Synchro/ Resolver

Until a few years ago, there was no really suitable
alternative to the shaft angle encoder as a means for
converting shaft angle to binary data. After all, what
could be simpler in concept or more direct in ap-
plication than an encoder whose internal sensors pro-
vide the required digital output with no additional
conversion (although signal conditioning of the output
lines may be required)? In contrast, a synchro or
resolver requires a separate converter to encode analog
voltages to the desired digital measure of angle.
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It is only recently that the synchro- or resolver-
to-digital (S/R-D) converter has become sufficiently
compact, reliable, and low in price to effectively com-
pete with the encoder. Now, the designer of computer-
based electromechanical systems must become familiar
with the comparative characteristics of the encoder
and the S/R-D converter approaches.

Comparing Encoding Techniques

Two basic approaches in a simple positioning servo-
mechanism are compared in the two parts of Fig. 1.
Depending on system requirements, the encoder of Fig.
1(a) may be incremental or absolute. The incremental
encoder—simpler and less expensive, and frequently
used in stepping motor systems—usually includes direc-
tion sensing; the absolute-value type, though more com-
plex, provides a more reliable indication of position
in noisy environments. The arrangement of Fig. 1(b),
using a synchro or resolver for angular sensing, re-
quires a converter to change the analog output of these
devices to digital form.

For simplicity and ruggedness, the synchro and re-
solver have the edge over the encoder. They are in-
herently low impedance, high voltage-level devices,
not requiring signal-conditioning electronics. Input and
output are transformer-coupled, with dielectric isola-
tion and optimum output voltage levels.

A key feature of the resolver or synchro is that
angular information is determined by voltage ratios
rather than absolute values. Since output impedances
are uniform and independent of shaft position, accuracy
is not affected by loading (such as by stray capaci-
tance), common mode voltages, or input line har-
monics and noise. Accuracy is almost unaffected by
lines which are hundreds of feet long.

(Continued on p 52)



You'll find our Series 700 is the most significant head per track disk memory introduced in years.
The reason. It's small. Low-cost. Lightweight. Reliable. And designed for easy servicing.

Of course we're using our most proven technology in the Series 700. Technology that made General
Instrument the world’s leading independent supplier of rotating memories. But we're also using
innovative design techniques that allow high performance and reliability...while keeping costs low.

The Series 700 offers up to 19.2 million bits. Up to 128 tracks in 32-track increments. A fast average
access time of 8.5 milliseconds. 3600 rpm. And a data rate up to 4.5 megahertz.

You'll get a new head assembly that’s been proven in current military programs. Modular construction
So one unit can meet all requirements. Minicomputer compatibility. A completely self-contained system.
Standard recording disk. And other important features all packaged in a 7-inch high unit.

All at $3985.

Serviceability. The Series 700 was designed for service simplicity. It's essential in many applications.
Like point of sale, data entry and small business processing. Anywhere you’ll need maximum access to
service and inspection areas.

Our goals are still simple. Provide quality rotating memories. Be responsive.
And maximize customer convenience.

We’'re in most major U.S. Cities and Europe. Call (213) 973-1741. Or write for our new Series 700
brochure. General Instrument Corporation, Rotating Memory Products, 13040 South Cerise Avenue,
Hawthorne, Ca. 90250.

*OEM price @ 100 units per year.

GENERAL INSTRUMENT CORPORATION
ROTATING MEMORY PRODUCTS

13040 South Cerise Avenue - Hawthorne, California 90250 - (213) 973-1741
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In contrast, encoder output as generated at the
sensors is relatively low level, with impedance depen-
dent on the output state. Sensor output may include a
significant noise component, as with brush-type en-
coders. The digital output lines are particularly sensi-
tive to ambient noise. Encoding errors result directly
from common mode voltages. The most common optical
encoders develop (at the sensors) an output wave-
form more like a distorted sine wave than a square
wave.

For these reasons, shaft angle encoders incorporate
considerable signal-conditioning electronics. Such elec-
tronics are located within or very near the encoder,
and perform the functions of amplification, isolation,
noise rejection, and filtering. Low output impedance
amplifiers on the data lines minimize the effects of
line noise. It is a significant disadvantage that an out-

put lead is required per data line, usually requiring
bulky cabling between encoder and computer. Where
it is important to reduce the number of data lines,
parallel-serial conversion may be incorporated in the
encoder electronics.

Coemparing Application Factors

In many applications where noise is either low or can
be controlled, excellent performance can be achieved
at very low cost with an incremental encoder together
with a high acceleration dc motor or a stepper. Typical-
ly, the encoder disc and sensor may cost about $20.
The principal disadvantage of incremental encoding
is the counting error which may be caused by elec-
trical noise. Some users are rejecting incremental en-
coder systems because of the increasing frequency of
occurrence of power line disturbances causing system
inaccuracies.

From the point of view of reliability and service
life, especially in severe environments, the advantage
appears to lie with synchros and resolvers. These de-
vices were originally developed for military applica-
tions, to operate reliably under shock and vibration,

Synchros and resolvers are small motor-like devices
which are used to convert mechanical shaft angles to
corresponding electrical signals for transmission and
processing. Typically, they operate as rotary trans-
formers, with primary winding on the rotor and an
arrangement of secondary windings on the stator.
In a synchro, secondary windings are connected in a
3-phase configuration; in a resolver, they are 2-phase.
When the primary is energized from the reference line

|
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Synchros and Resolvers for Converting
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(typically 60 or 400 Hz), voltages appearing across
the secondary terminals depend on the rotor shaft
angle. Although the absolute values of the secondary
voltages will vary with changes in reference voltage,
shifts in line frequency, temperature changes, and
loading, the ratios of the secondary voltages depend
only on shaft position. S/R-D conversion devices
operate on these ratios to generate a digital measure
of the input shaft angle.

ELECTRICAL

SIGNALS,

MEASURE

OF INPUT

ZHNAGFLTE The synchro as an electromechanical rotating transformer.
E,, is a reference carrier applied to the rotor through
slip rings. Accuracies of the most common synchro types
are between 5 and 10 arc min.

ELECTRICAL

SIGNALS,

MEASURE

OF INPUT

el The resolver as an electromechanical rotating transformer.

Although similar to the synchro, the resolver has 2-phase
output winding rather than 3-phase. Resolver accuracies
are typically about 3.5 min., or 0.001 rad
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Fig. 1(a) Shaft angle encoders. The signal condi-
tioning circuitry is generally located in or near the
encoder. The output counts of the incremental en-
coder may be accumulated in an up/down counter as
a measure of shaft angle, 6;

SYNCHRO OR

ANALOG
RESOLVER INFORMATION

DATA
LINES

REFERENCE
VOLTAGE

Fig. 1(b) Synchro or resolver plus converter for
encoding shaft angle, 6;. The converter may be lo-
cated remotely from the rotating component

over wide temperature ranges, and in high humidity
and salt spray environments. Even when design com-
promises are made to reduce manufacturing costs, the
parameters are adequate for most industrial applica-
tions.

Comparatively speaking, the encoder is less rugged
and more sensitive to non-standard conditions. Humidity,
for example, can distort a plastic encoder disc, or in-
terfere with the light path between source and sensor.
In addition, environmental dirt can be a hazard.

Lamp failure, one of the earlier reliability limita-
tions of the optical encoder, has been substantially
eliminated in many models through substitution of
light-emitting-diodes (LEDs). Their lower light levels
in comparison with incandescent lamps, however, place
an added burden on the output electronics in amplify-
ing and shaping the output data. Also, allowance must
be made for the temperature sensitivity of LEDs and
their decline in output over several years of operation.
On the other hand, the absence of optical encoder
brushes means long service life within specified en-
vironmental limits, and permits high speed operation,
consistent with the speed limitations of the signal-
conditioning electronics. However, although synchros

and resolvers do have brushes, their service life and
speed capabilities are ample for almost all applica-
tions. Typically, brush life is at least 10® revolutions
at speeds to 1200 to 1500 rpm, as borne out by several
decades of test and field experience. A scanning radar
operating at 100 deg/s requires over 10 years of 24-
hr/day operation to accumulate 108 revolutions.

Higher Accuracy Applications

The most common means of achieving high accuracy
and high resolution is to use a multi-speed system
(Fig. 2) in which the angle-measuring device (or at
least a portion of it) rotates at a substantially higher
rate than the shaft being measured. When more than
one rotation of the angle-measuring device is required
to attain full scale, an additional sensing device may
be necessary on a slower shaft—usually the output
drive shaft—to avoid ambiguity. When using encoders
in a multi-speed system, circuitry may be required to
synchronize high and low speed transitions, to avoid
“glitches.”

Fig. 2 shows a substantial gain in accuracy and
resolution in a multi-speed system as compared with
the characteristics of the individual high and low
speed components. For example, 10-bit encoders in a
16-speed system exhibit, in effect, 14-bit performance.
Combining high and low speed data becomes almost
trivially simple when the multi-speed ratio is an in-

GEARING

TO LOAD
SHAFT

HIGH
SPE

£D
ENCODER ENCODER

DATA LINES

Bl N ™
HIGH RESOLUTION
OUTPUT WORD

1X= LOAD SPEED

16X216 TIMES
LOAD SPEED

Fig. 2 Simplified diagram showing how two encoders
may be used to generate a much higher resolution
combined output. Alternatively, two encoder discs with
suitable intermediate gearing may be combined in a
single package with a high speed input shaft

tegral power of 2, ie, 2, 4, 8, 16, 32, Other-
wise it is much more difficult, such as for the com-
monly used 36:1 ratio of older angle-measuring systems.

Unfortunately, there are definite limits to the bene-
fits of multi-speeding, determined primarily by the
accuracy of gearing and coupling at the load. The
high speed angle sensor, generating the less signifi-
cant data bits, provides the critical data on output
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angle. Logic circuitry synchronizes the low speed data,
regardless of gearing and coupling errors. However,
these same errors represent uncertainties in output
shaft angle. For maximum encoding accuracy, preci-
sion gears in a minimum backlash configuration and
high precision couplings are essential.

In typical moderate cost assemblies using standard,
readily available mechanical components, output ac-
curacy is of the order of two arc minutes, correspond-
ing to one part in 10,800—equivalent to the resolu-
tion step of a 13-bit encoder. Note that this resolution
can be achieved only when the high speed gearing from
motor to output shaft is accessible. It cannot be
achieved by gearing up from the output shaft and
driving backward through the gear train, since gearing
errors at the output shaft are multiplied by the gear
train step-up ratio. For this reason, a 2-disc encoder
incorporating an internal gear train is always driven
at high speed by its drive shaft.

While the principal limit to attainable resolution
and accuracy is in the mechanical output components,
the rotational speed of the high speed sensor can also
set a limit. For example, an output speed of 100 deg/s
in a 64:1 multi-speed system means a rotational rate
of 1067 rpm at the high speed shaft. Even if this
speed is within component ratings, service life may be
compromised. For this reason, life calculations must
be carried out for the high speed shaft.

Note that although the above descriptions refer to
encoders, conclusions are equally applicable to multi-
speed synchro and resolver systems. By paying special

attention to output gearing and coupling, it is pos-
sible to get an extra bit or so of valid output data.
Gearing can be made more accurate, at considerably
increased cost and in larger diameters. OQutput couplings
can similarly be manufactured to tighter tolerances.
The mechanical characteristics (precision, rigidity, sta-
bility) of the driven load must, of course, be con-
sistent with required accuracy. By attention to mechan-
ical factors, it is feasible to measure and control
angle to better than 0.5 arc minute. However, the cost
of mechanical components may be several times the
cost for 2-minute systems.

Higher accuracy requires a superior sensor, directly
coupled to the output load shaft. In such systems, the
design, manufacture, and installation of a coupling
require high degrees of skill to avoid performance
degradation. High performance optical encoders are
available with accuracies to a second or two of arc.

High precision resolvers are available to about 20 arc
seconds of accuracy in a 21/4-in. diameter frame. A
system combining such a resolver with a suitable R-D
converter costs about the same as an equivalent en-
coder system.

In very high precision applications, a multi-speed
synchro or resolver may be used in which high and
low speed windings are combined in a single magnetic
assembly with no intermediate gearing. For example,
these relatively large diameter devices may have sep-
arate 2. and 72-pole windings individually isolated,
but contained within the same slots of the magnetic
structure. To assure the required installation accuracy,
they are usually provided as separate rotor and stator
assemblies, to function as integral elements of the
user system. Accuracies are available to better than
3 to 5 arc seconds. Alternatively, proprietary synchro-
like devices, typically operating at 10 kHz, electrically
equivalent to gearless, high ratio 2-speed systems
with a second or two of accuracy, are also available.

SYNCHRO
SYNCHRO DIFFERENTIAL
TRANSMITTER GENERATOR
S1

«%Tﬂms Fig. 83 Use of a synchro differential gen-
erator to encode the sum or difference of
two separate shaft angles. This is a con-
venient means of setting an arbitrary ref-

erence point

(Continued on p. 56)



Design with

the complete
flat cable/connector
system.

With cable, connectors
and assembly tools from one
design and manufacturing source,
you have added assurance the
connection will be made surely,
with no shorts or ‘‘opens.”

And ‘““‘Scotchflex’” now
offers you more design freedom
than ever. From stock you can
choose shielded and non-shielded
24-30 AWG cable with 10 to 50
conductors, and an ever-
increasing variety of more than

ovid
positive alignment with precisely
spaced conductors in 3M'’s flat,
flexible PVC cable. The connector
contacts strip through the
insulation, capture the conductor,
and provide a gas-tight pressure
connection.

The 3M DELTA pin and
socket connector.

Assembly-cost savings are built
in when you design a package with
“Scotchflex’’ flat cable and
connectors. But more important,
3M Company offers you the full
reliability of a one-source system:
cable plus connectors plus the
inexpensive assembly aids that
crimp the connections quickly
and securely (with no special
operator training required).

The fast, simple
“Scotchflex”” assembly
sequence makes as many
as 50 simultaneous multiple
connections in seconds,
without stripping,
soldering or

100 connectors to interface
with standard DIP sockets,
wrap posts on standard grid
patterns, printed circuit
boards, or headers for
de-pluggable applications.
3M’s DELTA “D” type pin
and socket connectors are
now also available. For
full information, write
Dept. EAH-1, 3M Center,
St. Paul, MN 55101.

7 3 COMPANY

““Scotchflex’ is a registered trademark of 3M Co.
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Additional Application Factors

Aside from the features described, synchros exhibit an
unusual flexibility. The synchro differential generator,
when interposed between transmitter and S-D converter,
permits addition or subtraction of its shaft angle to
that of the transmitter (Fig. 3). This provides an especial-
ly simple means of setting in zero, or any arbitrary
reference point.

Many S/R-D converters, with some additional cir-
cuitry, can generate output logic levels as a function
of shaft position similar to that obtained from an
incremental encoder. This can often be a convenient
addition to the normal absolute output data.

According to some manufacturers, the most common
user error is failure to distinguish between accuracy
and resolution requirements. Errors occur in synchros
and resolvers and encoders which may substantially
exceed the resolution step, most noticeable in larger,
high resolution devices. These errors generally vary
slowly with shaft angle—typically one and/or two
cycles per revolution. For relatively small angular
displacement from a reference point, errors tend to
more closely approximate the resolution step. This extra
precision is a common reason for specifying resolution
to closer tolerances than for accuracy.

A difficulty in some high performance S/R-D con-
version systems is sensitivity to the electrical phase
shift of the rotating component(s). As with electrical
transformers, phase shift is greatest in small, low
frequency components (50 to 60 Hz) and least in
larger, higher frequency components (=400 Hz). For
this reason, 400-Hz resolvers and synchros are pre-
ferred even when 60 Hz is available. This requires a
400-Hz supply to be used as system reference—an

SYNCHRO
GENERATOR

8;_,DIGITAL
EQUIVALENT

OuTPUT
DATA LINES

Fig. 4 Solid-state equivalent to the electrome-
chanical differential generator in Fig. 3. Additional
varieties of solid-state “synchro,” such as gen-
erators and control transformers, are also avail-
able
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extra package and an added expense. However, the
separate supply may also be used to filter out line
noise. In addition, it permits a smaller synchro where
required for convenient packaging.

Errors due to phase shift can be trimmed out at any
given temperature. However, since phase shift depends
on the electrical resistance of a copper winding, it
will vary with temperature, introducing error. Where
required, this error can be eliminated by well under-
stood and highly effective compensation means de-
veloped for electrical . resolvers. Compensated resolv-
ers are generally required for best accuracy.

A frequently overlooked error component, charac-
teristic of synchro and resolver systems, results from
velocity voltages generated by rotation of the com-
ponents. This error depends on the ratio of operating
revolutions per minute to cycles per minute of line
frequency, and becomes significant when this ratio
exceeds perhaps 0.25. Since it is a relatively small
error component, it need be considered only when 12-
to 13-bit output precision at high rotational rates is
required. It may usually be ignored in 400-Hz systems.

A special and increasingly useful type of synchro or
resolver substitutes a unique rotatable transformer for
brushes, thus completely eliminating a major limita-
tion to component service life and maximum applica-
tion speed.

Solid-state synchros are available to enhance the
versatility of S-D conversion systems (Fig. 4). Although
these are not widely known or well understood among
potential users, their all-solid-state operation, computer
system compatibility, and flexibility should lead to
increasing application in the future.

Packaging

Factors related to packaging tend to favor synchros
and resolvers over optical encoders. The critical pack-
aging problem is placement of the angle-sensing device
in relation to the shaft whose angle is being measured
or controlled. A 1%e-in. diameter electrical resolver
coupled to the shaft can provide absolute accuracies of
one part in 2'2 to 23, Its small size is in itself a contri-
bution to its ruggedness and reliability. Relatively few
leads are used in comparison with an encoder, and no
electronic circuitry is required in its immediate vicinity
(which is frequently the least accessible part of the
system).

In some applications, where leads are brought out
through slip rings, minimizing the number of leads
is a major design goal. Similarly, packaging the elec-
tronics remote from the measured shaft, in a generally
more protected environment, often adds to system sim-
plicity, reliability, and maintainability.

Summary

Until recently, the most practical means of encoding
shaft angle was the digital encoder. Alternative means
based on the electrical synchro or resolver were overly
complex and not at all cost-competitive.

Compact S/R-D converter packages are now avail-
able, however, which are reliable, easy to use, and
low in cost, giving the engineer a wide range of
options for optimizing his system design. In most ap-
plications, S/R-D systems compare favorably in per-
formance and price with encoder systems. O
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MORE COMPUTER LIFE SUPPORT

Phase |: Research

The new Model 6/16

Product .

OEM minicomputer for
the discriminating
Product OEM.
System ;
Builder Bid Proposal
End User

Phase II: Implementation

The new Inter-
data Model 6/16 mini-
computer offers
Product OEM’s eco-
nomical high perfor-
mance throughout
their Computer’s Life
Cycle — particularly
during the Imple-
mentation Phase.

Here's how:

Low price. The
Model 6/16 hard-
ware costs less than
the comparable Nova
3 or PDP 11/04. To-
day, you can buy an 8K-byte Model 6/16 core
processor for $1,736 in quantities of 100. Or a
MOS processor for $1,364 in the same quan-
tities.

Optimizing software. The Model 6/16 soft-
ware minimizes your software development
costs. 0S/16MT2 optimizes your use of the
6/16 in real-time, program development and
computational applications. And we offer you
cost-saving languages such as BASIC, CAL
and FORTRAN.

Upward compatibility. The Model 6/16, as
with all Interdata computers, has IBM-like
architecture. This means the 6/16 is compati-
ble with, and can be field-expanded into, any
32-bit Interdata computer. By offering you the
option of upward compatibility, Interdata helps
protect your investment.

Our reputation. The Model 6/16 is backed
by the combined experience in and reputation
for quality products and services of Interdata

Procurement
Development

Test

FROM INTERDATA.

Phase IV: Enhancement

Phase lll: Delivery

Delivery Follow-on Business

Interdata’s computer products and services exist for
one reason— to satisfy our customers: the Product OEM,
the System Builder and the End User. Each of these com-
puter buyers is involved with a Computer Life Cycle with
four specific Phases— Research, Implementation, Deliv-
ery and Enhancement. Interdata responds to customer
needs during each Phase with Computer Life Support.

and The Perkin-Elmer Corporation.

All of this adds up to Computer Life Sup-
port for the Product OEM when he buys an
Interdata Model 6/16. The discriminating
buyer will find that the Model 6/16 not only
outperforms any comparable micro- or mini-
computer —but saves him money.

Make us prove it. Send in this coupon. Or
call us. Today.

Gentlemen:

1 want proof.

. My computer application is
[J Send more on the Model 6/16.
[0 Have an Interdata representative contact me.

Name Title

Company

Address

City State Zip

Telephone

iNT:BRnATA@
Interdata, Inc.

Subsidiary of PERKIN-ELMER
Oceanport, N.J. 07757

(201) 229-4040
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How to turn 32 bits
into $10 million
in 90 days.

It isn’t all that hard, but you better start
with the right system. We did.

Ours is the SEL 32 Mini. The SEL 32
is a true, real, all-the-way 32 bit system.
Not some quasi-32, or 32 bit hardware
tied into 16 bit software, or two 16 bit
systems struggling along in hopeful
tandem.

Take hardware. The SEL 32 hardware
embraces a wide range of intricate
performance capabilities. It’s the only
hardware which employs micro-
programmable, independent
processor-based I/0, so it doesn’t have
to steal cycles. And it won’t become
obsolete, because you can upgrade its
capabilities by changing just a board
or two.

The SEL 32 software is a
programmer’s delight. It’s already been
successfully proven in the field, in a
variety of applications, for more than
five years. So you know it’s tried, tested,

seasoned, reliable. As for completeness,
it includes 750,000 lines of code which,

day. (Frankly, with all the SEL 32 has
to offer, we’re a bit surprised it took that
long.)

But the real question is, what does
our success mean to you? Well, it
means that you can buy the most
impressive, field-proven, true 32 bit
system on the market today, at an
attractive price, from the company
with the foresight to build it, the
service personnel to help you maintain
it, and the financial strength to stand
behind it.

Write or call us today for a
comprehensive brochure on the
SEL 32 Mini.

Who knows, it might do for you what
it did for us.

SYSTEMS

ENGINEERING LABORATORIES

r----------------1

put against other systems, makes an | OcaALLME ]
interesting comparison. A comparison | O SEND ME MORE INFORMATION |
which we seriously invite. | O IHAVE PRESENT NEED FOR SYSTEM i
You can buy an SEL 32 Mini for as = zgﬁ;wy |
little as $18,000. And a volume : i
commitment from you brings its own I ADDRESS =
reward in the form of a sizable discount 1 o g
from us. I statE zIp i
All this has led to new orders for us ¢ T s i §
of about $10 million in the past 90 | 6901 West Sunrise Boulevard, Fort Lauderdale, Florida 33313 [}
(305) 587-2900
days...or better than a $100,000 per B e p——
* European Inquiries: 85 bis Avenue Albert Ler / 92 Rueil-Malmaison, France. Tel: 967-8317 gi
CIRCLE 30 ON INQUIRY CARD

59



THE MICROCOMPUTER MEMORY THAT STAYS ON WHEN THE POWER GOES OFF.

Ampex MCM. Microcomputer
Core Memory. It retains every-
thing, even in the event of a
total power failure. No batteries
or other tricks, just the unflap-
pable reliability of magnetic
core technology.

Ampex MCM comes
complete, with all timing and
control, data and address regis-
ters, decoding and drive circuits
and, of course, your choice of
core capacity. You can specify
the word length you need from
4 to 18 bits, and storage for
256 to 4096 words, in all popular
binary increments.

Modest-capacity MCM
modules are complete on a
single board; use as many as
required to achieve the total
capacity you desire. All of them
are available with a single
connector strip, with pinouts to
suit your design.

Ask yourself if your
microcomputer-based system
can afford a program loss due to
power interruption. If you
answer “no” to that question,
then you’ll answer “yes” to
Ampex MCM modules. They
offer the least expensive protec-
tion you can buy. When the
power goes off, they stay on.

AMPEX MCM-1000
4096 x 8

450 nsec access
8.39” x 10” x 1.4”

AMPEX MCM-4300
2048 x 4

450 nsec access
6.3"” x 6.3"” x 0.65”

Ampex Memory Products Division
13031 West Jefferson Boulevard
Marina del Rey, CA 90291, 213-821-8933

 AMPEX

For information on MCM Memories,
Circle 21 on Inauirv Card




Design Problems...
Systems Problems...
Application Problems...

Business Problems...

CompDesign/76 provides digital electronics engineers the most
comprehensive forum for understanding their problems and the
state-of-the-art capability for solving them.
Workshop forums, product seminars and exhibits are all part of one
event,and are all aimed at bringing these problemsinto focus . . . how they
inter-relate . . . how to solve them.

Computer Design Magazine has assembled a group of
professionals in each of these areas to present the most current
information, listen to your problems and ideas and work out
the best avenues to solutions.

;

L

5

COMPDESIGN/76

Three days of Forums, Seminars and Exhibits directed atyou,
the Computer Design reader

BOSTON NEW YORK CHICAGO LOSANGELES SANFRANCISCO
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The most complete concentration of technical sessions and product exhibits in the
computerindustry is scheduled for three days each in Boston, New York, Chicago, Los

Angeles and San Franciscoin 1976.

Tailored for multiple-unit buyers, including traditional OEM’s, systems houses and
in-house systems people, CompDesign/76 will provide the most-up-to-date practical
information on microprocessors, peripheral devices and business topics relating to the

design and implementation of computer systems.

The touring conference is sponsored by Computer Design Magazine and the three days
of sessions will be geared to all levels of digital electronics engineers with special
emphasis for computer-based systems designers and technical management. The
meetings will be held in conjunction with the Computer Caravan in these cities and in
addition to forums on the above topics, attendees will be eligible to attend exhibitor
seminars and the Computer Caravan exhibits with no additional charge.

The co-appearance of CompDesign/76 and the Computer Caravan in the above cities,
comprised of forums, product seminars and exhibits, will provide attendees with the
most complete and integrated overview of the computer industry to date.

Forum sessions will be set up and administered by personnel with years of experience in
presenting technical information, and the material will be presented by established,
knowledgeable people in the engineering and technical management fields.

During each of the three days in each city, forum sessions will take place during the
morning, exhibitor seminars during the afternoon, and the exhibits will be open

from10a.m.to5p.m.

The forum sessions will be keyed to practical, state-of-the-art information to help OEM
suppliers and designer-users put together more efficient and reliable products and
systems. These will not be tutorial sessions but give and take meetings that will put the

problems on the table for thorough discussions.

Tuesday (Day 1)

CONCURRENT WORKSHOPS UNDER THE
THEME OF BUSINESS TOPICS FOR THE
COMPUTER PRODUCT MANAGER.

a) “Specmanship”’: How to cope with it.

Specmanship is the art of distorting a specification without
actually making a false statement. This session covers subtle
variations in parameter definition and test methods, omis-
sion of qualifying statements, use of “typical” rather than
properly toleranced values, and many other misleading
techniques which add to the difficulty and cost of choosing
the right components and equipment.

The session will cover the many forms which ““specman-
ship” can take, with topical examples, how to cope with it,
and inter-action between users and vendors on the more
controversial aspects.

b) Standardization — status, future directions.

Standardization, a valuable tool in dealing with
“specmanship”, is also a means for simplifying the applica-
tion and interfacing of electronic equipment. However,
standardization is especially difficult to implement in the
rapidly growing and highly competitive computer industry.
The workshop will review the nature and role of standardi-
zation procedures, with pertinentillustrative examples. It
will explore possibilities for accelerating the standardiza-
tion process while still encouraging creativity in product
development and application. Vendor-user interaction will
be a prime element of this forum.
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¢) Buying from new or very small companies.

New small companies are frequently structured (at least ini-
tially) around technologically advanced products which
extend the state-of-the-art. However, there is an element
of risk to the user who must be assured that the advanced
product supplier will remain in business and continue to
provide necessary customer support for the life of the
application.

The session will consider appropriate criteria for small com-
pany evaluation, including decision-making trade-offs.
Specific experiences will be used asillustrations.

d) Testing and quality of purchased products, economic
factors.

As part of the effort to cut costs in the highly competitive
digital electronics industry, many companies are spending
less on quality control. The consequences are costly produc-
tion line rejections as well as field failures. Frequently, the
only practical user alternative is to set up a comprehensive
incoming inspection system.

The workshop will consider the problems of testing and
quality, with emphasis on economic trade-offs. Strong
interaction between vendors and users will assure airing
of all pertinent factors.

COMPUTER DESIGN /FEBRUARY 1976



CONCURRENT WORKSHOPS UNDER THE
THEME OF PERIPHERALS FOR MINI- AND
MICRO-COMPUTERS.

a) Defining characteristics of mini-and
micro-peripherals.

The development of mini- and micro-computers has made
substantial computing power available atlow cost, witha
forecast for more of the same. As a result, computer applica-
tions are expanding phenomenally. However, since the cost
of peripherals can easily exceed the computer cost, the de-
velopment of mini- and micro-peripherals with computer-
compatible performance and price, is a major requisite for
continued growth.

The sessions will estimate the desired nature, performance
and price of peripherals for micro-computer applications.
Some guidance will be provided by comparison with the
evolution of peripherals for mini-computers.

b) Interfacing and standards.

Important simplifications in system design and application
may be achieved by the establishment of comprehensive
interface standards for mini- and micro-peripherals.

The workshop will review the status of current standards
and standardization programs, and will emphasize desire-
able future trends. The role of the microprocessor and
associated LSI devices in the interface function will be
illustrated by specific examples.

CONCURRENT WORKSHOPS UNDER THE
THEME OF MICROPROCESSORS

a) The State of the art; availability.

The state-of-the-art in the microprocessor design is changing
so rapidly, that “keeping up” is a continuing and time-
consuming process. This session will examine the current
state-of-the-art,with particular attention to performance and
availability of the newer types.

b) Application factors; user needs.

The typical system design engineer using microprocessors
for the first time, will usually require considerable applica-
tion assistance. The nature and adequacy of this assistance,
as provided by microprocessor suppliers, will be explored.
Users will be given ample opportunity to discuss their
experiences, both good and bad, in getting started with
microprocessors, and to describe the kinds of support

they would like to have. Interaction between users and
vendors should be particularly illuminating.

¢) Micro-peripherals — current status vs. users’ needs.

The defining characteristics of micro-peripherals are
examined in another forum session. This session reviews
the state-of-the-art of micro-peripherals with regard to
type, availability, general characteristics, and price. Special
attention will be given to specific user needs, including
performance and price goals. Vendors are expected to
commenton the practicality of user expectations.

d) Future trends.

In view of the emphasis on new peripheral development, ,
some effort will be made to anticipate future trends. For
example, the impact of solid-state alternatives (such as
CCDs, bubble memories) to electromechanical mass storage
means. The session will seek out the latest vendor opinions
on the impact and timing of new products arising from
today’s laboratory models.

o) Applications— variety of examples.

The versatility and benefits of the microprocessor will be
illustrated by a variety of application examples presented
by users. The principal areas of microprocessor usage will
be covered. Discussion will be moderately technical, em-
phasizing application requirements, the benefits expected
from the microprocessor, microprocessor performance
requirements, reasons for the specific microprocessor
choice, and problems encountered in application. Users at
this session will have ample opportunity to ask questions
and to describe their own application needs.

d) Future trends.

Because of the impact of the microprocessor on the entire
digital electronics industry, estimating future trends is criti-
cally important for long-term product development and
marketing planning. Estimates must consider the timing of
new products, improvements as well as breakthroughsin
technology, ultimate technological limits, and price trends.
The forum session will cover these topics, as well as their
impact on microprocessor usage and on new applications.
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Three reasons why

you should

attend compDpESIGN/76

Keep Abreast
of Your

| Industry.

Techniques, technology and applications in the computer industry
change faster than in any other industry.

Basic technology developments have given us new products —
especially in the mini and microcomputer areas. These haveled to
new applications which means new interfaces, new customers,
new business problems, specification changes, re-design, and
testing problems. The impact can be seen by looking at the grow-
ing market for microprocessors and microprocessor-based
equipment, justas one example.

The forums and seminars at CompDesign/76 will bring together
knowledgeable people in problem areas such as those cited above
to give you an update on developments and how to deal with
them.

You will attend shirt-sleeve sessions with plenty of opportunity
for two-way communication. You will be exposed to problems
concerned with your particular discipline or function. And you
will better understand how you affect and are affected by other
areas of the industry.

"“The Computer Designers’ Forum, the name given to the technical
program of CompDesign|76, is an extension of the editorial objective of
Computer Design Magazine. You can expect the same approach as
we follow in our pages: no vendor pitches, but an important dialogue on
digital equipment and systems technology by designers who have solved
very specific problems.

John Camuso

Editor, Computer Design Magazine

When returning the registration form make sure you designate
which days you would like to attend and check the city.

Exchange Ideas With People
Responsible for Progress
i in the Industry

You will be meeting and exchanging ideas with people from all
levels and all areas of the industry who are responsible for making
things happen. OEM suppliers and designer-users will be interact-
inginall aspects of the forums and exhibitor seminars. You will get
first hand knowledge of problems from people who have experi-
enced them, and who will describe their solutions. You will have
an opportunity in a face-to-face environment to state your views,
question speakers and generally work out problems that affect
your joband your industry.

“Backyard”
@ Availability

These forums and seminars will be held in five regional cities. The
cities were selected because they are centrally located in the largest
“computer markets” inthe U.S. and have the accommodations
required to make the meetings a success.

For mostindustry people it will be a relatively short trip to one

of the sites, which is a positive cost factor in a cost-conscious
economy.

Inaddition to the morning forums you will have the advantage of
attending, free-of-charge, the Computer Caravan exhibits (which
willbe held in conjunction with CompDesign/76) and exhibitor
seminars for either conference.

Boston, March 2-4 Showcase 1-2-3 & 4 Movie

Theater, Woburn, Mass.
Mariott’'s Essex House
McCormick Place On-The-Lake

Los Angeles Convention
Center

Civic Auditorium

New York, March 9-11
Chicago, April 13-15
Los Angeles, May 4-6

San Francisco, May 11-13

DAILY SCHEDULE OF EVENTS
9am to1pm—COMPDESIGN FORUM

9:00-9:40—Welcome, Orientation and Introduction to
theme of the day presented by Sid Davis, Associate
Editor, Computer Design Magazine.

9:45-11:00—Four Concurrent Workshops (First
presentation)

11:00-11:10—Coffee Break
11:10-12:25—Workshops (Repeated)
12:30-1:00—Wrap-up Panel

1:00 to 2:00—Dutch Treat Lunch

2:00 to 5:00—Product Seminars

Exhibits: Open 10:00 to 5:00 each day




WHATIS YOUR PRINCIPLE
ENGINEERING FUNCTION
OR MANAGEMENT RESPONSIBILITY?

E1 Computer-Based Systems Design

E2 Digital Systems Design

E3 Digital Equipment Design

E4 Digital Circuit Design

E5 Interface Engineering

E6 Data Communications Engineering

E7 Test/Inspection/Reliability Engineering
of Digital Equipment

E8 Consulting/Educating on Digital Elec-
tronics

WHAT IS YOUR ORGANIZATIONAL
CLASSIFICATION:

C1 Executive Management

C2 Engineering Management

C3 Senior Personnel

C4 Staff Personnel

C5 Consultant/Educator

WHAT IS THE NATURE OF YOUR

ORGANIZATION?

Use code for best description.

Manufacturer of:

02 Large Computers

04 Minis/Medium Computers

06 Micros (excl. ICs)

08 Memory/Storage Equip (excl. ICs)

10 O Equip (incl. Data Terminals)

12 Data Comm Equipment

14 Computer-Based Systems

16 Office/Business Machines

18 Industrial Control Equip

20 Test/Measurement Equip; Instruments

22 Comm Equip (other than Data Comm)

24 Navigation/Guidance Equip

26 Undersea/Aircraft/Missile/Space/Ground
Support Equip

28 1Cs/Circuit Modules

30 Consumer Electronic Products

32 Medical Electronic Products

34 Other Products Incorporating Digital
Electronics:

Other organizations:

36 Systems House

38 Industrial Company Using/Incorporating
Digital Electronic Equipment (incl. Com-

puters) in Manufacturing/ Research/ De-
velopment Activites

40 Commercial User of Digital Electronic
Equipment

42 Government/Military Agency or
Installation

44 Independent Research/Test/Design

Laboratory (i.e., one not connected with

a manufacturing company)
46 Independent Consulting Company
48 Educational Institution
50 Other
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IEEE Computer Society
International Conference

Jack Tar Hotel

San Francisco, California
February 24-26

Revealing products, services, and ideas now on the
drawing boards, but expected to appear in the field
within the next five years, COMPCON 76 Spring will
explore recent advances in circuit technology and at-
tempt to determine what effect they will have on the
computer industry. Under the direction of general chair-
man Dr Sidney Fernbach of Lawrence Livermore Labora-
tory’s Computation Dept, and program chairman Dr
Herschel H. Loomis, Jr, University of California, Davis,
23 sessions will cover hardware, software, firmware, tech-
nology, and applications under the general theme
“Computers: The Next Five Years—Evolution or Revo-
lution.”

A full-day tutorial, “Unique Aspects of Microcom-
puter Applications,” will be given on Monday, Feb 23,
immediately preceding the Conference. Chaired by
Robert H. Wyman, Jr, Lawrence Livermore Laboratory,
and with Fred F. Coury, an independent consultant
in digital designs, as instructor, the tutorial will at-
tempt to define microprocessors, deal with their archi-
tectures and process technologies, and analyze hard-
ware and software support necessary for them. As an
application example, one complete microprocessor-
based system will be analyzed and described in detail.

Among the events of special interest to attendees
are the Keynote Session on Tuesday morning, during
which Dr Edward E. David, Jr, Executive Vice Presi-
dent of Gould, Inc will set the tone for the Confer-
ence in his Keynote Address. To provide further per-
spective on sessions to follow, Dr J. Presper Eckert,
Vice President and Scientific Advisor for Sperry Univac
will review the history of computing. In addition, Con-
ference Kick-Off Talks, planned for Tuesday after-
noon, divide the broad subject of computers into hard-
ware, software, firmware, technology, and applications.
These subjects are taken on by Dr Michael Flynn, Stan-
ford University; Dr Robert McClure, Palyn Associates;
Michael J. Galey, IBM; Dr Jack S. Kilby, consultant;
and Andy Knowles, Digital Equipment Corp, respec-
tively. Short Note sessions, cocktail parties on Tuesday
and Wednesday evenings, and a Conference Panel
discussion should also prove of special interest.

(Continued on p 68)

Touehs!

Target: to eliminate the warp problem in space-
saving %" plug-in panels.

The winning combination: EMC’s Wire-Wrap®
Panels with Nurl-Loc® Terminals. EMC panels
stay flat, without stiffeners, because Nurl-Loc’s
splined cylinder distributes stress evenly
throughout board thickness, even on boards as
large as 15” x 18” (shown). A flat panel means
more accurate true positioning between pins
for better wrapping. Nurl-Loc also permits easy
pin removal without damage. And the four-
finger contact holds any I.C. lead firmly, even as
small as .011 dia. Call Allan Klepper (401)
769-3800 for your copy of the interesting and
informative “Inside Story”’, or write Electronic
Molding Corp., 96 Mill St., Woonsocket,

Rhode Island 02895.

Wire-Wras® Garener-Denver Co.

with Nurl-Loc® Terminals
... better performance by design!
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On the regular program, hardware-oriented sessions
take up the topic of “What Will Microprocessor Hard-
ware Evolve Into?” which covers software issues in
LSI microprocessor design, and reliability which can be
attained with triple modular redundancy. “What Can
We Expect in Hardware Design Techniques” illustrates
uses of programmed logic as a hardware design tool
and attempts to define when and where to use pro-
grammed logic arrays; ‘“The Personal Computer” dis-
cusses home and hobby computers.

Also under consideration are ‘“What’s Going On In
the Rest of the World?” with details on computers in
Japan, Western Europe, and China, Russia, and Eastern
Europe, and how computers are being used in crime,
which scrutinizes the topic from aspects of computer
security, legal ramifications of computer abuse, and
computers and data abuse.

Among the “crystal-ball” sessions are one devoted
to upcoming microprocessor software, with a panel
considering differences between mini and micro soft-
ware; an examination of mass storage systems, focus-
ing on effectiveness and practical applications; and
expected data communication techniques, discussing
packet switching and network interfaces. Computer
networks are also examined in a “what will happen?”
session, looking at the common carrier as a catalyst,
some trends in network architecture, and user-service
quality in a distributed network. The reality of dis-
tributed computer systems is discussed by a panel
composed of Philip Ware, Servaro Ornstein, and T. C.
Chen.

Solid-state memories—CCDs vs RAMs for bulk use
and IIL vs NMOS for main memories—are highlighted
in an attempt to determine what will become the pre-
vailing technology. The future of language-directed
machines is examined in papers that focus on graphics,
theory and practice of personal systems, and problems
in push-down stack implementation of such systems
as well as on language-directed representation of ma-
chine instructions.

The impact that microprocessors may have on super
computers, and whether supers and minis will squeeze
out mainframes are considered in a session that at-
tempts to determine what the future will be for super
computers. “Design Automation in 1980” presents a
S5-year view of design systems and predicts what will
be forthcoming in testing and modeling. Automated
production of discrete parts, its effect on productivity,
and the use of realtime industrial process control
are topics under consideration in “How Will the Com-
puter Advance Automation?” Two additional sessions
are devoted to data base systems, pointing out the
directions which management systems, architectures,
and storage hierarchies are likely to take.

How computers will affect society is the subject of
“Will the Computer Replace Money,” which discusses
the relationship between electronic funds transfer sys-
tems and the financial community and whether or not
it is liable to be a permanent one. Another session eval-
uates the relationship of computer science curricula to
computing, with speakers examining “Computer Science
and Education Programs—Today and Tomorrow,”
“IEEE Computer Society Curriculum Recommendations,”
and “IEEE Regional HELP Activities,” as well as a
“Bachelor of Arts in Computer Programming.” |
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THE DATA DOMAIN REVOLUTION

s

If you rely primarily on
think you're

we

Now we’re not advocating that you
stop using your scope. You've
always needed one and you always
will. But if a scope is all you're
using, you're probably wasting a lot
of time. A couple of years of field
experience with logic state analyzers
has shown us that about 85% of
digital troubleshooting

problems can be solved faster with
a logic state analyzer than with

a scope.

Think about it. When you want
to observe action on address or data
buses, or on control lines, which
instruments give you more meaning-
ful data—a scope with four input
channels or a logic state analyzer
with 12, 16, or 32 channels?

You need a trigger that’s related
to program steps. Scopes by them-
selves simply don’t have the
capability of triggering on pattern

recognition. HP Logic State
Analyzers do. Suppose you want

to delay the data display to a
specific point after the trigger word.
The scope’s analog time delay
system has the inherent problem of
display jitter. This is completely
eliminated by the stable clock-pulse
delay of a logic state analyzer. And
when you're viewing data, would
you rather mentally convert
waveforms to digital words (1's and
0’s) or have the instrument do the
conversion for you?

Obviously, the scope is the
logical choice for electrical measure-
ments such as voltage level, rise
time, and timing measurements.
But when you’re viewing state flow,
there’s no substitute for a logic
state analyzer.

For example, one of HP’s Logic
State Analyzers can store one table
of digital words and display it next
to your active word display for

comparison. It can also display logic
differences between stored and
active data; continuously monitor
data flow and automatically halt
when the active data does not equal
the stored data.

A new technique called mapping
gives you an entirely new view of
operating
logic
circuits —over
65,000 data
words can be
displayed as
discrete dots,
each repre-
senting one
input word.
You can easily recognize these dot
patterns after some familiariza-
tion, thus providing-a rapid way
to spot system irregularities.

And for locating “‘lost programs,”
the map provides unequaled speed.

But these aren’t just interesting
measurement techniques, HP Logic
State Analyzers provide more




a scope for digital design.
making a mistake.

capability than
any other digital troubleshooting
instrument can deliver.

The Logic State Analyzer is the
only economic alternative when it
comes to digital system design.

Your digital system operates in
the data domain. You know all
about time domain and frequency
domain measurements, but how do
you define data domain measure-
ments? Basically they are
measurements of logic state as a
function of discrete intervals of time
—clock cycles, for example. The
emphasis is on word parameters.
While the scope gives you an analog
display of amplitude vs. time (time-
domain dimensions), the logic
state analyzer gives you a display of
digital words vs. clock cycles.

But what are the other require-
ments of a data domain instrument?
Obviously you need sufficient
channels to see what’s happening

on address and data buses. With
today’s systems, that means 16
channels or more. You need data
registration —

the ability ¥z ‘EZ;
to trigger or
on a specific -

bit o e o
pattern / ,{%’l g‘fﬁ” b
and the ge . t

ability to
position
the display

window as

a function of clock cycles

(pattern recognition triggering and

digital delay). Because you

often encounter events that occur

only once in a program, you need

a method of internal storage.

Obviously, you want the ability

to look at bit patterns after the

trigger /9% ooy ora0

point, but

you also "Df/a
want to see / :
what happens / / 2%
before that /
point...in
other words,
you want
negative
time display;
and even the ability to look on
both sides of the trigger word at

the same time. It’s essential that you
be able to qualify both the trigger
point and the display so you won'’t
trigger on, or display, unwanted data.
You’ll still need to observe time-
domain waveforms on your scope
for detailed electrical measurements
such as rise times, logic levels, and
for locating glitch-generating race
conditions. Your data domain
instrument should therefore be able
to drive a time-domain instrument
—providing a trigger upon pattern
recognition. Finally, you want data
displayed in a functional format (a
display of states) to simplify analysis.

From the previous comparison
with a scope, you can see that these
are the requirements we’ve used at
HP in developing our family of
Logic State Analyzers. Obviously,
some members of the family have
more capability than others, and
prices vary accordingly. But the
point is, all have been designed
specifically to help speed digital
design and debugging by giving you
a better view of your system’s
operation. A view in the data
domain . ..where your program flow
is happening.




/——— THE DATA DOMAIN REVOLUTION

Software debugging. It's great if
you write a program that works
right the first time it’s implemented
in hardware. But you know
that it doesn’t happen
every
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HP’s Logic State Analyzers

time. And when you get
into program debugging,
it's usually a time
consuming task. How can
an HP Logic State
Analyzer help? By put-
ting a window right on
the data and address
buses and giving you a
real-time view of your
program in operation...
so you can see the exact
word flow while it’s
happening. What’s more,
HP Logic State
Analyzers let you move
the window around at
will by triggering on
any word you want, or delaying the
display a specific number of words
beyond the trigger word.

This lets you compare the actual

addresses and data on the buses
with the program instructions you
entered. It becomes much easier to
spot an erroneous data word, an
erroneous jump in the program, or
an unending loop. With the
mapping capability of the HP Model
1600A Logic State Analyzer, it's a
simple matter to compare an
executing program pattern to a
known good pattern, or spot unique
points in the pattern that indicate
problems in an executing program.
The 1600A also gives you the ability
to locate any word on the map and
trigger on that word so you can
pinpoint a potential error

source quickly. Then you

can zero in by




/— THE DATA DOMAIN REVOLUTION

Pioneers in the data domain
are convinced.

Our customers have been using

HP Logic State Analyzers since
1973. And we've talked to quite a
number of users to find out what
designers need in data-domain
instrumentation. We've also found
out how these data-domain pioneers
feel about the HP Logic

State Analyzers.

Here’s a sampling:

“With the 1600A analyzer,
I can do in an hour what I couldn’t
do in 3 months otherwise, and
that’s a fact.”

“I designed a buffer interface
that allows us to make real time
tests using a slower tester. With my
$20,000 interface, the $100,000
tester and your $4,000 logic
analyzer, we can do the job of a
$400,000 real time tester.”

Don Glancy,
Principal Engineer

“We encountered some severe
software problems on a real time
4K system where we were at a
loss as to how to approach the
problem. Because it was a real
time system we were unable to stop
it to use the standard software
debug techniques. By coincidence
your salesman called on the same
day to demonstrate the 1601 Logic
Analyzer. We hooked the analyzer
to the system under test and wound
up solving the problem that same
afternoon. We were so thoroughly
convinced of the potential power
of the 1601 as it applied to software
debug that we ended up buying two
of them.”

“Even though we had limited
experience with microprocessor
design, there’s no question the logic
analyzer saved us valuable design
time.”

Ken Fiske,
Senior Design Engineer

S

“When a parity error does occur,
our equipment re-reads the data
block fifteen times. In order to
initiate that search routine, many
sequential logic events must occur.
Problems occasionally arise in
that logic flow and it’s been very
difficult to analyze using just a
scope. The logic analyzer allows us
to troubleshoot logic flow in parity
error problems about twenty times
faster than the scope does. In addi-
tion to being faster, it’s also easier
to interpret the 1’s and 0’s than it
is to interpret waveforms.”

Don Stewart
Coordinator of
Service Planning

You've just read actual testi-
monials from users who have
achieved significant time savings
with an HP Logic State Analyzer —
savings ranging from a factor of 20
to well over 400 compared to other
methods, (Don Glancy’s comment,
“I can do in an hour what I couldn’t
do in three months otherwise.”)
And equipment savings of a factor
of 3 or more.

If you or your people spend
significant numbers of hours in the
development of bus-structured
systems such as computers and
microprocessor-based systems,
consider what those time savings
could mean to you:




speed digital design.

using the table display (1's and 0’s),
and digital delay to examine the
program sequence in detail.

Watching your software in action
...it gives you a big edge in problem
solving.

Hardware /software marriage.
In digital design, you often discover
incompatibilities between hardware
and software — particularly when
separate design teams have respon-
sibility for these two aspects of
the system.

It’s not uncommon for the soft-
ware to command the hardware to
look for a signal (such as a request
for interrupt) that apparently never
occurs. Failure to get the signal
may be a timing problem — the signal
may occur too early or too late. The
signal may exist at the right time,
but at the wrong place —on the
wrong data line for example. Or
perhaps the signal was omitted
altogether in hardware implemen-
tation. With microprocessors, the

problem may be due to lack of
understanding of CPU peculiarities.

Whatever the case, you could
spend an inordinate amount of time
looking for the answer with the
channel and triggering limitations
of time-domain instrumentation.

However, with an HP Logic
State Analyzer, you can tie into
both the
address and
data buses
at the same
time, plus
flag or
qualifiers
(up to 32
channels can
be displayed
on one screen). You can then run
a short test program, trigger on
a specific word at the beginning
of the program, and view the
program implementation leading up
to the problem.

With this detailed picture of
software in action, it's a simple
matter to observe the displayed
program sequence and see what’s
happening to that signal at a specific
point in time. Then it’s usually easy
to spot the problem and apply a
software or hardware solution —
whichever is more appropriate.

System interaction. Additional
problems frequently show up when
you start transferring information
across an I/O port. And your trouble-
shooting problems are compounded
because you have two sources of
data to monitor at the same time.
They may have independent clocks
...be asynchronous. . .but require
a common trigger signal.

How do you verify overall system
operation? How do you find out if
data has been properly transferred
from one part of the system to the
other? And how do you determine
whether or not the instructions
have been executed properly?

X

Suppose, for example, you've
designed a microcomputer-con-
trolled test system for production.
How do you know that the software
is giving proper instructions to the
instruments under test? Or that the
instruments are inputting data
correctly to the microcomputer?
Unless you can verify the states in
your program flow and look at
digital inputs and outputs during
the test cycle, your test could be
meaningless. But with your micro-
computer operating at one clock
rate and the monitoring instru-
mentation at some other rate, how
do you observe both and relate
microcomputer software to
hardware output.

The answer is HP’s 1600S Logic
State Analyzer. It lets you
display two separate tables of
data on the
same screen —
even though
clock rates
are dif-
ferent or
one system
is asynchro-
nous. One
table can

micro-
computer
software
sequence while the other displays
the hardware output and input
resulting from that software. With
program flow displayed alongside
the input and output states of the
instruments being controlled,
there’s no doubt about a correct
testing sequence...or about the
information being fed back to the
microcomputer. Furthermore, if
there is a fault, you have adequate
information to diagnose problems
for correction.

In all of these phases of digital
design —from the time you input
software right through system
checkout —an HP Logic State
Analyzer can give you a clear view
of program flow and hardware logic
states to simplify design and
debugging.




Convince yourself.

Over and over again, the reports
from the field say: time saving...
greater productivity ...reduced
development time...products into
production faster. Whether you're a
digital designer or an engineering
manager, this message is important
to you.

As a circuit designer, you
know the importance of sticking to
development schedules and
budgets. And that always means

solving the problems the fastest way
you know how. Take a look and

see what kind of savings you

might realize with an HP Logic
State Analyzer.

If you're an engineering manager,
concerned with the productivity of
your engineering department, con-
sider how much further your engi-
neering budget could go if your
people had HP Logic State
Analyzers.
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Make your own analysis of what the time savings can mean in terms
of getting products into production faster. The figures you come up with might
easily exceed the cost of one of our Logic State Analyzers.
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Join the data domain
revolution.
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Your choice in data domain
instrumentation is growing steadily.
It extends from simple 4-bit AND
gate trigger probes, to an optional -
Logic State Switch on HP scopes
for selecting either time or data
domain, to the 1600S —the system
with up to 32 channels plus qualifier
inputs, storage, delay, and two
modes of display (table or map).
There’s an instrument or accessory
in this family to put you in the data
domain and give you a much better
view of your digital designs.

We’ve just scratched
the surface.

There’s a lot more to know about
the data domain and about HP’s
family of instruments. And there
are several sources for more
information.

Seminars. HP instructors are
now conducting one-day seminars
on logic state analyzers and their
application, and will continue
in 1976.

Technical Data Sheets. These
publications give you details of
operation and instrument specifica-

tions on each of the family members.

Application Notes. A number of
notes cover the use of mapping,
using logic state analyzers to
troubleshoot mini computer systems,
microprocessor systems, etc.

For more technical data, simply
mail the attached reply card,
indicating the data sheets you want.
Or, for even faster action, contact
your local HP field engineer and
ask him for more details about the
instruments or seminars. Give him a
call today and join the data
domain revolution.

I'd like more technical information about HP’s family of data-domain instruments. Please send data

sheets on:

[0 Logic State Analyzers

[0 Pattern Trigger Accessories
[0 Clips and Probes

NAME

COMPANY

ADDRESS

CITY/STATE/ZIP

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road, Palo Alto, California 94304



Developments continue to improve performance, cost, and reliability
of computer hardware. Technology for CPUs, main and file
memories, and input/output continues its rapid evolution.
Forthcoming technology will likely have its greatest impact on
small computer systems for dedicated and real-time applications

‘ Trends in
Computer Hardware Technology

David A. Hodges

Department of Electrical Engineering and Computer Sciences
University of California
Berkeley, California

Changing computer system architecture and the in-
creasingly broad scope of computer applications result
from developments in hardware technology that have
occurred during the past 15 years. A three orders of
magnitude increase in the maximum feasible number
of components in a single silicon integrated circuit chip
has lead to proportionate decreases in the cost per
gate of computer central processing unit hardware and
in the cost per bit of main and secondary data and
program storage. Simultaneously, reliability of central
processor and memory hardware has increased by about
three orders of magnitude on a per-gate or per-bit
basis. However, while central processor and memory
hardware have benefited greatly from advances in
solid-state technology, computer input/output and com-
munications hardware have improved at a much slower
rate. Growing efforts are now focusing on application
of new technology and system concepts to overcome the
limitations of existing input/output and communications
hardware.

Further major improvements in cost and reliability
of computer hardware are possible through evolutionary
enhancement of established technologies. However,
improvement rates may differ widely in different ap-
plication areas. Revolutionary advances, where they
appear, may have an even greater impact. Expected
technological advances for large and small computer
systems have important implications. In fact, small,
dedicated computer systems may well provide a grow-
ing percentage of society’s computing capability.

Central Processing Unit

Maximum feasible number of gates per single-chip
integrated circuit (IC) has increased dramatically since
1960 (Fig. 1), and improvement at the same rate is
likely to continue until 1980. During the past 15 years,
the price of maximum-complexity ICs has remained
roughly constant, while complexity has increased by
three orders of magnitude, with still further increases
likely beyond 1980. Even if only evolutionary develop-
ment of present IC fabrication processes is assumed,
at least 100,000 gates/chip may ultimately be achieved.
Potential memory densities are an order of magnitude
greater.

A variety of circuit technologies are in use or are
proposed for use in central processing units (CPUs)
built with large-scale integrated (LSI) circuit tech-
nology—circuits having more than 100 gates. Each of
these alternative technologies? is already well ad-
vanced (Table 1); much has been written about each.

The three highest density approaches are favored
for LSI applications. Complementary metal-oxide semi-
conductor/silicon-on-sapphire (CMOS/SOS) devices are
significantly more costly to manufacture than n-channel
MOS (NMOS) or integrated injection logic (IIL). The
latter two are directly competitive in all but a few
specialized applications, and will likely coexist over
the next decade. Speed and density of each will be
improved by reducing their minimum dimensions and
otherwise improving the fabrication processes. Both can
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TABLE 1

Comparison of LSI Logic Families

Density Power-Delay Product, pJ Smallest
Family Gates/mm2 ﬂ 5__V‘ ‘_I_\( Delay, ns
ECL bipolar 30 to 40 — 5 —_— 0.5
Schottky bipolar 30 to 40 —_ 5 — 2
CMOSs 30 to 40 50 5 — 10
NMOS 80 to 120 50 5 — 20
CMOS/S0S 80 to 120 25 3 — 3
IIL bipolar 100 to 200 — 5 1 10

Design rules: Approximately 7-um metal lines and spaces

profit, for instance, from selective oxidation techniques.
Propagation delays of 1 ns or less appear ultimately
possible with each. Emitter-coupled logic (ECL) and
Schottky transistor-transistor logic (TTL) may even-
tually provide slightly shorter delays, but at a large
cost because of lower density and higher power dis-
sipation.

Anticipated increases in LSI circuit density will not
benefit all applications areas equally. Concerning per-
formance, further reductions in minimum logic delay
are likely to be relatively slight. While delays of a
few tenths of a nanosecond have already been achieved,
and appear to be near the fundamental limitations
of silicon technology,® these high speeds cannot be
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fully exploited in LSI circuits because heat removal
is difficult. High speed circuits in silicon technology
are likely to have a minimum power-delay product on
the order of 1 pJ, meaning that gates with l-ns propa-
gation delay will dissipate 1 mW. Since, at most, about
3 W can be dissipated into a stream of air from an
IC package, a maximum of about 3000 gates could be
incorporated in one such high speed circuit. (Attempt-
ing to dissipate more than 3 W in one package would
cost more and vyield lower reliability than a multi-
package approach.) This level of complexity would
be adequate for a 16-bit CPU capable of executing
at least 10 million instructions per second (MIPS)—
approximately three times the state-of-the-art in 1975

COMPUTER DESIGN/FEBRUARY 1976
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Fig. 2 8-bit microprocessor. This Schottky TTL, bipolar
LS| microprocessor, fabricated commercially on a 250 x 250-
mil die, is capable of executing 3 million instructions per
second in control applications (Courtesy Scientific Micro
Systems Inc)

(Fig. 2). A large computer exploiting high speed LSI
has been reported recently.*

Pin Limitations

Another severe limitation on high speed LSI circuit
complexity is off-chip connection density, as repre-
sented by LSI package pin count. This count, like the
gates per chip, has increased since 1960 (Fig. 3), but
at a much lower rate, so that the maximum feasible
pin count has increased by less than one order of
magnitude during this period. The state-of-the-art to-
day is about 64 pins (Fig. 4). No breakthroughs are
in sight on this problem. Consequently, full parallel-
ism in memory addressing and data paths and uncoded
control paths (desirable for highest speed CPU op-
eration) are not feasible in LSI microprocessors. Multi-
plexed data and memory address paths and highly
encoded control information must be used to reduce
interconnection count. These reduce operating speed.

Power dissipation and interconnection count prob-
lems are much less troublesome with moderate to
low speed circuits designed for low cost per function.
Gates designed for delays of 10 ns and more achieve
lower power-delay products than high speed gates.
Power-delay products for such gates may well decline
to 0.1 pJ. This means that 10-ns gates would dissipate
10 uW, permitting more than 100,000 gates on a chip
from the power dissipation standpoint. Multiplexed data
paths and encoded control information are acceptable
in moderate speed applications. By the early 1980s,
it is possible to visualize the existence of a complete
minicomputer system chip, including a 16-bit CPU, 32
kilobits of read-only and/or read/write memory, and
simple input/output (I/O) interfaces. Speed, as limited
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Fig. 3 Maximum pin count. Standard com-
mercial LS| packages have suffered limits to
pin count, because of problems such as pack-
age manufacturing yields, component assem-
bly yield, testing capabilities, and system re-
pairability. Pin count is unlikely to increase
rapidly in the future

Fig. 4 Microcomputer system packaging. This is an ad-
vanced commercial LS| device. Power dissipation and re-
pairability problems may limit further advances (Courtesy
Scientific Micro Systems Inc)

by power consumption and serialized 1/0, might be in
the range of 100,000 to 1 million instructions/s; manu-
facturing cost should be $10 or less.

Primary motivation for increasing LSI circuit com-
plexity continues to be lower cost per function and
improved reliability. Chip-count continues to be the
best first-order measure for electronic hardware cost
and reliability. Any LSI circuit which can be manufac-
tured in volume will cost less than $10 at the factory.
After the design and process have been debugged,
reliability will be determined by interconnections and
packaging. Mean time between failures (MTBF) of
about 10 million hours per packaged chip is easily
obtained by simple means; 100 million hours is achiev-
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Subsequent failure rate of surviving
components in normal service

Lab or computer room
Severe environment

TABLE 2
LSI Component Reliability

Test Point Number
Chips passing die-sort electrical test 100
Chips passing visual inspection of lead bonds 98
Components passing all tests after packaging 80
Components operable at first system test 78
Components operable after 18-hr burn at

maximum temperature 76

MTBF for a 1000-component system

0.001 to 0.01% /1000 hr
0.010 to 0.10% /1000 hr

103 to 105 hr

TABLE 3

Possible Trends in Dynamic MOS RAM
(With 500-ns Cycle Time)

Characteristic

Storage capacity 1K 4K 16K 64K
Date introduced 1972 1974 1976 1979?
Cell area, mil* 6 2 1 0.5
Chip area, in.? 0.02 0.03 0.04 0.06
Power/bit, uW

Active 300 100 20 4
MTBF/bit, hr 10® — —  >10"?
Component manufac- 0.3¢ 0.1¢ 0.03¢ 0.01¢

turing cost/bit

(Note 1)
Memory system 1.2¢ 0.4¢ 0.12¢ 0.04¢

price/bit

(Note 2)

Note 1: Two years after introduction
Note 2: To OEM market

able with special care.® Table 2 summarizes the testing
and screening strategy needed to achieve these levels
of LSI component reliability.

Memory

Semiconductor main memory costs have declined rapid-
ly over the past decade, primarily because of the in-
creasing density of LSI memory chips. Further large
increases in memory density are expected (Table 3),
with 64-kilobit chips feasible before 1980;% 16-kilobit
random-access, read/write memory (RAM) chips (see
Fig. 5) will be announced in 1976.” Read-only memory
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(ROM) chips will probably have about twice the den-
sity of read/write chips. Price per bit of read/write
memory systems should fall well below 0.1¢/bit be-
fore 1980. These numbers apply to moderate perfor-
mance systems; high speed cache memories having cycle
times of about 50 ns are likely to cost two to five
times as much per bit, and to dissipate substantially
more power.

Characteristics of moving-surface memories (drums
and discs) have improved drastically over the past
two decades,® but further improvements in large-
capacity moving-surface storage devices are probable
(Table 4). Costs of fast-access storage should fall to
one millicent per bit or lower by 1980.

New devices such as the floppy disc provide file
storage at moderate system price—about $2000 for a
system storing 2 megabits/surface, or 0.1¢/bit at present.
As much as an order of magnitude reduction in the
price of floppy disc systems seems feasible if high vol-
ume usage develops. The main problem with these
and other low cost electromechanical systems will prob-
ably be reliability. If maintenance costs for floppy
discs are high, users will choose all-electronic storage
devices, even if first cost is somewhat higher (Fig. 6).

Charge-coupled device (CCD) memories® and mag-
netic domain (bubble) memories!® are being widely
discussed as potential successors to one or more of
today’s storage technologies. To achieve wide acceptance,
the price per bit of a new storage technology must
be significantly lower than alternatives. Special char-
acteristics such as nonvolatility or ease of application
may be decisive factors in specialized applications, but
will not overcome cost as the key consideration in most
cases.

Comparable cost data on RAM, CCD, and bubble
memories are not yet available. However, a crude com-
parison may be drawn, based on fundamental factors
limiting the cell density of each technology and on
the relative complexity of the fabrication process for
each. In such a comparison (Fig. 7), where a number
of simplications have been made for clarity, assume

COMPUTER DESIGN/FEBRUARY 1976



that pattern definition techniques allow a certain mini-
mum feature size (A). Then the minimum area re-
quired for each cell using each technology can be
estimated as shown in the figure. Actual cells are two
to five times larger than the areas indicated here,
because of alignment tolerances, crossovers, and other
factors. A newer form of bubble cell'! requires about
half the area indicated here. (Even more refined com-
parisons, when data are available, should not mask the
fundamental distinction that most semiconductor mem-
ories are random-access devices, whereas CCD and
bubble memories are serial. They should properly be
compared with long semiconductor shift registers.)
The conclusion emerging from this crude comparison
is that RAM and CCD have comparable maximum
densities, while the CCD fabrication process is slightly
more complex. Bubble cells require two to four times
the area, but the number of precision pattern defini-
tion steps is two to four times fewer. Overall, it is
hard to construct an argument that CCD or bubble
memories will be significantly cheaper than RAM in Fig. 5 Photomicrogra_ph of a 16-kilobit, n-silicon gate ex-
the long run. In fact, RAM may always Tovel alaost ploratory RAM. 128 single-transistor cells, each occupying

4 AL i devil 7 Teend a 1-mil* area, share one sense-refresh amplifier. Using ex-
advantage simply because its development 1s already ternal clocks, the chip can be operated at a cycle time of

well advanced. about 1 us (Courtesy Siemens AG)
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TABLE 4

Disc File Storage Density

Linear Density Track Density Storage Density
Year (bits/in.) (traces/in.) (bits/in.?)
1960 200 40 8000
1965 2200 100 220,000
1970 4000 200 800,000
1985 160,000 2000 320 x 10°

104
ADDITION OF ECC
£ 101 '
3 ‘ SEMICONDUCTOR 1975
-
é‘
w FLOPPY DISC 1975 Fig. 6 Memory system costs. Error-
'é 0.1 : correcting codes (ECC) are already
g SEMICONDUCTOR 1960 being used to improve system-level
e reliability of semiconductor and mov-
& FLOPPY DISC 1980 ing-surface memories. The mechan-
8O ical components in moving-surface
memories are likely to be the relia-
RIGID DISC 1975 bility-limiting factor
‘ I ISC_1980
50 RIGID DISC 1980

05 106 107 108 10 10'0 10'!
SYSTEM STORAGE CAPACITY (BITS)
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Factors which might modify this conclusion include
developments such as multilevel CCDs, capable of
storing two or three bits per cell, and the so-called
“bubble lattice,” in which the storage array does not
require defined patterns for each bit.

Input/Output

Improvements in cost, performance, and reliability of
computer I/O equipment have taken place at a far
slower rate than those for CPU and memory hard-
ware. Prime example of this ‘is the long product
lifetime of the standard teleprinter as the minimum-
cost, alphanumeric 1/0 device. At present, the cost
of many computer systems, and the reliability of most,
is limited by the 1/0 equipment available.

Most critical needs are for low cost, high reliability,
I/O devices for use with remote terminals and small
standalone systems. Considerable progress in keyboards
has been stimulated by the rapid evolution of pocket
and desk calculators; many types of keyboards are
now manufactured in large volumes at low costs.

In several other areas, emerging electronic tech-
nology may be applied to I/O needs. For example,
a CCD imaging device is useful in a surveillance
application (Fig. 8). These imaging devices offer poten-
tially low cost and high reliability for document scan-
ners, graphic data input, and so on, with much lower
cost, smaller size, and higher reliability than a vidicon.

Low cost, visual output devices based on light-emitting

diodes (LEDs) and liquid crystal displays (LCDs) have
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5|4 Fig. 7 Comparison of
I memory cell areas. A com-

mon minimum feature size
N

(eg, metal width or metal
spacing), A, is assumed.
Other factors, such as
alignment clearances, typ-
ically increase actual cell
areas by a factor of 2 to
5. Further developments
may reduce the area of
CCD and bubble cells by
as much as one-half

AREA = 3042
1-3 MASKS
MAGNETIC
DOMAIN

AREA UNDER VIEW

Fig. 8 CCD imager. Pictured is a surveillance application.
Computer input applications include document scanners,
pattern recognition processors, and industrial controls. This
imager is a 100 x 100 array of picture elements on a 120 x
180-mil silicon chip (Courtesy Fairchild Semiconductor)

advanced rapidly and are now suitable for displaying
up to about 100 characters. For larger displays, the
plasma panel (Fig. 9) offers performance advantages
over the cathode-ray tube (CRT) and cost advantages
over LEDs. With further development, a variety of
compact low cost displays for alphanumeric and graph-
ic information, based on the plasma panel, will prob-
ably become available.
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For hardcopy output, thermal printers based on silicon
technology are already available. A single-character
printhead (Fig. 10) is potentially manufacturable in
quantity for a $1 to $2 cost. In present applications,

Fig. 9 Plasma panel display device. Features include high
resolution, high legibility, freedom from geometric distortion,
and the flat device structure. Present drawbacks include
high cost and relatively high complexity of the necessary
driver circuits (Courtesy Bell Laboratories)

such a device moves horizontally across a sheet of
sensitized paper, while the paper moves upward, driven
by a typewriter-like roller. A low cost line printer
could be built with 80 thermal printheads in a hori-
zontal line, thus easily printing the content of one
standard punched card per line. This would eliminate
the relatively slow and troublesome mechanical scan
across each line.

Efforts in I/O technology are sorely needed for
control-oriented applications as well as the data process-
ing applications suggested already. Now that com-
puting capability is available for as little as $20 in
the form of a microprocessor, computer applications in
automobiles, point-of-sale terminals, toys, and many
other areas become economically feasible. Sensors and
actuators (transducers) are a limiting factor at pres-
ent, although extensive efforts are underway to reduce
the cost of electronic transducers for all common
physical variables. For example, silicon technology is
being applied to transducers for temperature, pressure,
flow rate, and acceleration, while other solid-state
technologies are being examined for uses such as auto-
mobile exhaust gas sensors. Objectives in each case are
low cost and high reliability.

Communications

It can no longer be assumed that the cost per unit
time of a CPU is far greater than the cost per unit
time of a local telephone connection. For many years,
this assumption has been the basis for developmental
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TABLE 5

Data Transmission vs
Local Processing and Storage

Ef_"l Purchase Price Rental Price/Hr

Local voice-grade — $0.60 to 1.20
switched telephone line

Microcomputer $500

10°%-bit RAM $2500 $0.50

Floppy disc system $2000

Note: Assume 200 hr/mo; 50-mo amortization.
of rental equipment

efforts on time-sharing and other multi-terminal com-
puter systems. As pointed out previously, advances in
hardware technology have reduced the cost of CPU
and memory per unit capability by three orders of
magnitude. Meanwhile, over the same period of time,
the actual cost of providing a local telephone connec-
tion has risen, based as it is on the costs of cable,
rights of way, labor for installation and maintenance,
and interest on investment. Furthermore, political and
consumer interests are forcing a trend toward usage-
sensitive billing. As a result of this, local calls, which
for years have cost a fixed charge for unlimited dura-
tion, may soon be charged for on a time basis.

At these rates, communication is likely to cost more
per unit time than local computing and storage (Table
5). Therefore, designs of multi-terminal systems should
maximize internal information processing and storage
to reduce the need for communications. Links to large,
centralized computing facilities should be used only
intermittently, for essential access to shared data bases,
very large programs, and massive numerical computa-
tion capability.

Implications for Computer Systems

For many years, the cost per instruction executed has
been continually reduced by building larger, faster
computers (Fig. 11). This pattern is evident from a
Rand Corp report!? issued only two years ago, which
anticipated a 1000-MIPS CPU by this year or next.
However, at present it is unlikely that such a CPU
will be developed soon, partly because fundamental
limitations on the speed of silicon logic circuits have
already been approached.

Another obvious approach to higher speed computers
is through parallelism, as exemplified by the 1LLIAC Iv.'3
Unfortunately, parallel architectures are most efficient

COMPUTER DESIGN/FEBRUARY 1976
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TABLE 6

Comparison of Microcomputer System
Execution of Control-Oriented Benchmark Programs

Total Benchmark

Microcomputer System Execution Time

SMS-300 39 us
Intel 8080 195 us
DEC PDP-8/A 246 us
National IMP-8 873 us

DEC MPS (Intel 8008)

Source: Scientific Micro Systems

3560 us

when used on specialized problems such as matrix
arithmetic. Another troublesome drawback is that a
highly parallel computer would require a complete
redesign of existing systems and applications software.

These considerations make revolutionary changes un-
likely in the design of large general-application com-
puter system hardware. Instead, computers of conven-
tional architectures will be gradually improved. For
commercial reasons, new machines are virtually as-
sured to be software compatible with previous sys-
tems from the same manufacturer. Meanwhile, the
potential cost-effectiveness of a 1000- or 10,000-MIPS
processor, or of a higher speed processor based on
non-silicon technology (at least 10 years away), is
not at all clear at this time.

Drastic decline in computer hardware costs, especially
those for moderate speed operation, improves the eco-
nomics of small, dedicated and special-purpose com-
puter systems. One dramatic example is the 3-MIPS
microcomputer (Fig. 2). With a basic system price of
$600 in 1975 ($200 per MIPS), this unit would fall
a factor of 100 below the curve in Fig. 11. Of course,
such a microcomputer has a very limited instruction
set and memory capacity, and includes no 1/0 devices.
Nevertheless, if it can do the job in a dedicated appli-
cation, such a microcomputer is likely to be a far
more attractive solution than a large remote, time-
shared computer system would be, especially in real-
time control applications.

Furthermore, the speed of a dedicated processor is
not always a limitation, if system performance is re-
lated to the characteristics of I/0O hardware and/or
storage devices. As pointed out previously, another im-
portant motivation for maximizing the amount of local
computation is the high and growing cost of communica-
tions relative to other computer system costs.

Some dedicated processors are likely to be in use
only a small fraction of the time, if they are associ-

ated, for example, with point-of-sale terminals, ma-
chine controls, or communication controllers. However,
they are still likely to be more cost-effective than a
larger, shared system that is kept busy most of the
time.

Some patterns that appear to be developing in micro-
computers deserve mention. First, performance already
has a broad range (Table 6). Second, specialized de-
signs have begun to appear; more are sure to be
forthcoming. Applications for specialized processors in-
clude automobiles, appliances, games, point-of-sale ter-
minals, and others. Third, upward compatibility of
new designs is likely, as the Intel microprocessor fami-
lies have already demonstrated. Finally, two nearly
direct microprocessor replacements for existing mini-
computers have been announced.
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If you've got a NOVA mini, Plessey
Memories can save you more than money.

Our 16k PM-216 core memory module
saves time on your NOVA 2/4 or 2/10, with a
cycle time of just 800 nS.

Our PM-816 saves a slot in your NOVA 800,
820 and 840 cpu, with 16k words on a single
plug-in card. It is also plug-compatible with the
NOVA 830. And with the 800 nS Plessey
PM-816 an expanded NOVA 840 costs less than
a slower NOVA 830 with DGC memory.

There’s just no reason to pay more for less.

So use the bingo card and get all the details
on our NOVA (and DEC) add-ons— compati-
ble memories, memory management and
support equipment. They're all competitively-
priced and available off-the-shelf.

Or if your problems won'’t wait, phone for a
demo and get Plessey Memories working for
you today.

Plessey

~ Memories (714) 510995

The mini expanders
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116 reasons why only
Buchanan® PC Board Gonnectors

provide Lowest Total Applied Cost!

1 Models available with
.156" or.200” (.508
cm) centerlines

4 Easy-access test points

2 UL Component Recognition : i EeY
for field wiring ! P ' - 5 A T
! ccepts up to 43 10-amp circuits

6 Screw terminals accept unterminated
/s\%de or stranded wires, #12 thru #30

3 Available for surface or

through-the-panel mounting ———

And here a 110 more—
the 110 connections you eliminate!

Here's how to achieve significant Lower Total
Applied Cost when building control panels or other
equipment using printed circuit boards.

Simply specify the new Buchanan Connector that
eliminates hybrid interfaces between electronic
circuitry and electrical connections. It replaces
multiple terminal strips and costly interwiring; ac-
tually saves up to 5 separate connection points—
potential trouble spots—per circuit!

Models are available for just about every standard
requirement. Forcomplete engineering and order-
ing information, use the Reader Service Card. Or,
call one of our Factory Regional Offices shown
below. They’ll also be happy to talk to you about
special configurations.

Just one Buchanan Printed Circuit Board Connector (A) a7
replaces the two terminal strips (B), the edge card connector # = = S
(C), the double wiring (I;|)_), and the 110 costly terminations (E) Models available for surface or through-the-panel mounting,
shown at left. Result: LTAC (Lower Total Applied Cost)! with or without card guides and keys.
Amerace Corporation

" CONTROL PRODUCTS Control Products Division 21

DIVISION Union, New Jersey
amerace

Atlanta—(404) 261-1224 « Cleveland—(216) 333-8540 * Chicago—(312) 437-8354 * New York Metro.—(201) 355-7770 * Los Angeles—(213) 863-5753
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Employing long channels for efficiency, plus numerous circuit

design innovations, giant-size area scanners using bucket-brigade

shift registers have been built and tested. They can also be used as
memories in series-parallel-series mode, shifting in and out serially at high
speed, and propagating internally in parallel at a much lower speed

Enormous Bucket-Brigade
Optical Scanner
Achieves High Efficiency

Barry J. Deliduka

International Business Machines Corporation
System Products Division
Essex Junction, Vermont

Charge transfer devices are being developed, not only
for shift-register memory and analog delay line appli-
cations, but also for photosensors and memories. To
provide further insight into the future of large photo-
sensitive arrays, one recent effort is studying the
feasibility of building very large area sensors. An area
scanner chip, believed to be the world’s largest solid-
state image array, has been developed, using processes
similar to those used in constructing computer memories,!
and built around bucket-brigade shift registers.2

In any application of shift registers, transfer efficiency
or transfer loss is the most important concern. Study
and modeling of bucket-brigade structures have veri-
fied that when channel length is increased, transfer
loss decreases. This improvement in transfer efficiency
makes feasible shift registers as long as 512 bits, with
uncompensated measured efficiencies of 99.95% /trans-
fer. Even this high efficiency has been improved with
a clock noise suppression amplifier on the chip, per-
mitting an apparent efficiency of more than 100% un-
der certain conditions.

The imaging array comprises 1024 of these long
shift registers, and thus contains 524,288 photo ele-
ments (PELs) on one extremely large chip—approxi-
mately 2.54 by 4.06 cm—about the size of a standard
razor blade. Several of these chips have been fabri-

cated using standard n-channel metal-oxide semicon-
ductor field-effect-transistor (MOSFET) technology.
When the devices are fully operational, their resolu-
tion exceeds that of conventional vidicon tubes used
in TV cameras. They are fast enough to scan an 8l5-
by 1l-in. page and reproduce the information on an
oscilloscope screen in 4 ms.

The project was basically a feasibility study: Was
it possible to construct an extremely large chip, the
physical, electrical, and image-sensing performance of
which could be evaluated, and for which the fabrica-
tion problems involved could be realistically estimated?
With this overall viewpoint in mind, the design was
chosen.

The bucket-brigade shift registers (BBSRs) consist
of aluminum-gate FETs connected to form series circuits
(Fig. 1). In each FET, the overlap between the gate
and drain produces a larger capacitance than that
between the gate and source of the device [Figs. 1 (a)
and 1 (b)]. This difference in capacitances provides di-
rectionality for the flow of charge in the circuit. Alternate
transistors are turned on and off by two clock pulses
connected to their gates, so that information is propa-
gated through the register.

The optical windows of the register are those por-
tions of the silicon that are not covered by the metal
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Fig. 1 Two-phase bucket-brigade shift register.
Two FET devices are required for one analog
data bit or photo element (PEL). Associated with
each device is a photo diode and a large gate-
to-drain capacitance, shown in schematic form
in (a) and by the asymmetrical gate position
shown in the cross-section (b). Source of one
FET is connected to the drain of the next FET
by a common diffusion, which produces the
series circuit without contact holes. Channel
conduction established between diffusions by
clock phase A appears in color, as does incident
light; during clock phase B, channel conduction
occurs at alternate areas. The photo diodes are
formed by the diffusion-to-substrate junction.
Microphotograph (c) of a single PEL shows the
serpentine layout, by which adjacent shift
registers share metal phase lines that run parallel
to the flow of data. This layout also preserves
the unity aspect ratio

gate lines. Light energy enters the silicon through
these windows and generates electron-hole pairs. The
electrons collect in the diffused “buckets,” which in
turn change the voltage on the diffusion-to-substrate
capacitor.

Two transistors form a single PEL. To preserve an
aspect ratio of unity, the transistors were arranged
in a serpentine fashion [Fig. 1(c) ], so that PELs would
be equally spaced, 0.0381 mm apart, in both the hori-
zontal and vertical direction of the array.

Ordinarily, bucket-brigade devices require only three
mask levels: diffusion, thin oxide, and metallization.
In this case, however, one additional mask level is
used between the thin oxide and metallization steps,
to provide contact holes necessary for construction of
the on-chip amplifier and output circuits. Nevertheless,
the process is very simple, and is subject to few de-
fects, thus providing potential yield improvement.

In the use of bucket-brigade or any other transfer
device, the fraction of charge that is actually trans-
ferred from one FET to the next in the shift register—
called transfer efficiency per stage—is a matter of
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importance. If all of the charge is transferred, the
transfer efficiency would be unity. In practice, how-
ever, this is not the case; a portion of the signal
charge is always left behind during each transfer op-
eration. Thus practical transfer efficiency is always
less than unity, and its complement—transfer loss—is
always greater than zero. One mechanism that affects
transfer loss and dominates at low frequency is the
modulation of threshold voltage by the drain voltage.
This problem can be reduced by using a longer chan-
nel.3¢ In the half-million-PEL device, to minimize modu-
lation, a channel of about 12 um in length is used
in the FETs that make up the array registers.

The phase lines that drive the array registers run
parallel to the flow of data instead of in the con-
ventional perpendicular fashion. This parallel phase
line pattern provides a number of important advantages.
For example, it enables the electrical subdivision of
the array registers that make up the entire array.
This, in turn, permits partial operation of the chip
should any localized process defects occur that could
cause short circuits. Also, if there is a break in a
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phase line, the parallel pattern minimizes the number
of shift registers affected. However, the probability of
such breaks is small, because the parallel phase lines
can be shared by two adjacent registers. Therefore,
they can be wider for a given density of PELs per
unit area, and wider lines are less subject to damage.

Basic Chip Organization

The chip is organized as an array of 512 by 1024
PELs. Its basic building block is a subsection of 16
shift registers each 512 bits long, and consisting of
1024 transistors. (Each register actually contains 1025
transistors, as a result of a miscalculation in drawing
up the masks; however, the extra transistor, aside
from adding one step to the propagation of data
through the register, does not affect its operation.)
Associated with the subsection are a 16-bit input shift
register, 16-bit output shift register, transfer circuits
connecting these to the long registers, and sense ampli-
fier and output circuits following the output shift
register (Fig. 2). Four subsections, consisting of 64
long shift registers, four sets of input/output (1/0)
circuits, and 24 contact pads (12 at each end) make
up a section (Fig. 3), which is the smallest portion
of the array that can be probed for testing. The entire
chip comprises 16 sections, electrically isolated from
one another except for the sharing of phase lines
between the 64th register of one section and the first
register of the next.

The optical window of each PEL is formed by the
gap between the phase lines. In this system, the cir-
cuit was arranged to provide uniform photo response
across the array, permitting the use of a step-and-
repeat process to make the different masks necessary
for fabricating the large chip.

Attached at the énd of each of the 64-output shift
registers is a source-follower clock suppression net-
work?® driving an output device (Fig. 4). The input

16-BIT INPUT
SHIFT REGISTER

INPUT
TRANSFER
CIRCUITS

16—BIT OUTPUT
SHIFT REGISTER

QUTPUT

TRANSFER
CIRCUITS

16 ARRAY

SHIFT REGISTERS
EACH
512 BITS
LONG

»
Z
95
nO
"o
S
gU
a5
a0
o5
x
80
ag
[3)
<

OUTPUT

INPUT

Fig. 2 Basic building block. Called a sub-
section, each block has its own input and
output high speed registers, array registers,
and output circuitry

Why Build Giant Chips?

From the system point of view, a huge array such as
that described here by Barry Deliduka would permit
better resolution than would smaller arrays, because
individual elements of a given area would respond to
a smaller fraction of a whole picture focused onto the
array. IBM’s array may well be the largest ever fabri-
cated, but other, experimental devices of respectable
size have been built elsewhere, and a few designs
are in commercial production.

Fairchild Semiconductor, for example, makes several
scanners of both linear and area formats. Its linear
scanners, which come in lengths of up to 1728 ele-
ments, each 13 um across—for a maximum total length
of just under 1 in—have a scan rate of 10 MHz,
while area scanners of up to 244 x 190 elements are
compatible with standard TV but can be operated
more than 10 times as fast.

Other commercial scanners are made by General
Electric and Reticon. GE uses charge-injection device
(CID) technology; in its simplest form, CID senses
the stored charge through the substrate instead of
moving it from element to element, as CCD technology
does. GE is now marketing a TV-compatible scanner,
or imager, with a 244- x 188-element array, and is
expected to introduce a larger unit (244 x 248) soon.
These devices measure in the neighborhood of
10 x 12.5 mm.

Among large experimental scanners is one at Bell
Laboratories on a 16- x 20-mm chip carrying
496 x 475 elements, and a 488- x 380-element array
at Fairchild; elements on both devices measure about
18 x 30 um, compared with IBM’s 38 um sq. How-
ever, a chip of the IBM size, according to a Bell
researcher, seems too large to have a practical yield.

Utility of such large arrays, of course, depends on
their speed—how quickly they can pick up an image
and scan that image for transmission or other
processing. Speed, in turn, depends on the technology
with which the array is fabricated. The maximum rate
at which IBM’s array was tested was 3 MHz—respect-
able but still well below the standard TV channel
width of 6 MHz and below Fairchild’s linear scanning
rate of 10 MHz.

Yield has always been a problem in large-scale
integration, because of the vulnerability of large chips
to small defects in the wafer or in a process mask.
Yet yield is not necessarily an obstacle to the economi-
cal production of large solid-state scanners.

The author describes methods by which bad sec-
tions could be bypassed or recovered, thus substan-
tially improving the yield of his laboratory process.
Yet, as he points out, the best individual scanner had
only 13 good sections, out of a possible 16. Neverthe-
less, these methods might be developed to apply to
a production process—although doing so would be a
task that could not be completed this year or next.

Even at a low percentage yield, the process might
be economical. One semiconductor expert, whose com-
pany manufactures a processor chip of nearly 70,000
sq mils—one of the largest in commercial use today—
observes that yield for such a device is not very im-
portant, because they are not used in large quantities.
Yield is more important, for example, in semiconductor
memories, he points out, because they are sold in very
large quantities and require a high-yield process to
obtain the necessary production rates.—Ed.
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l

Fig. 3 Four subsections per section. Sections are
electrically independent; 16 sections form the giant
(512- x 1024-PEL) scanner chip. Arrows show di-
rection of data flow

shift registers contain similar sense and output devices,
providing a test print and permitting the input and
output registers to be identical.

Memory

When the chip is used as a memory, it operates in
a series-parallel-series mode, in which a line of data
(16 bits) is read into the input shift register serially,
and shifted in parallel into the first bit positions of
the 16 array registers through the input transfer de-
vices. All charge transfers between BBSRs are made
in the bucket-brigade mode through the transfer de-
vices. Then, another line of data is read into the input
register, followed by another parallel transfer into the
array registers. While the second line of data is being
shifted in parallel into the array registers, the previ-

ous line is shifted from the first into the second bit
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positions. In this way, 512 lines are read into the
main array. Then, with the next step, the first line of
data is transferred to the output shift register and
read out while a new line enters the input register.

The input and output registers cycle at a rate of 16
times that of the array registers. In this experimental
chip, the rates are 2 MHz and 125 kHz, respectively.
Of several possible timing schemes, for performance
evaluation, a relatively unsophisticated one that was
easy to work with was chosen (Fig. 5). The BBSR
drive pulses are complementary and thus nominally
180 deg out of phase, except for the light integration
pauses.

Evaluation of the Processed Chips

Each of the 16 sections of the processed chips was
probed and evaluated in both dc and ac tests. Even
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CGS _!-
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Fig. 6 Source-follower clock suppression sense
amplifier. This circuit includes an output driver.
Gate-to-source capacitance, which is responsible
for transfer loss compensation at low frequencies,
is shown with dashed lines
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Fig. 7 Clock noise. Overlapped phase
pulses at 2 MHz produce less noise on the
output (top two traces) than non-overlapped
pulses do (bottom traces)

though in no chips did all sections pass the testing
criteria, several chips were found to have nine or more
sections operational, and in these most of the sections
were adjacent. One of these chips had a series of
eight working sections, followed by a shorted section
and four more working sections. With a laser beam,
an aluminum short-circuit between two array phase
lines was cut away in the shorted section, thus pro-
viding a total of 13 adjacent operational sections, or
a working array of more than 425,000 PELs.

The output sense amplifier (Fig. 6) of each output
shift register consists of a source-follower clock-sup-
pression circuit driving a source-follower output de-
vice. The output signal (Fig. 7) contains a pair of
data pulses for each bit stored in the BBSR. Phase
2 is connected to the gate of the first source follower
via a capacitor. When phase 2 is positive, the first
source follower turns on while the low gate voltage
of the second source follower keeps this device turned
off. At this time the sensed data are transferred to
the output device through the first source follower.
Then, when phase 1 is turned on and phase 2 is off,
the data are transferred to the next node in the shift
register, where they are again sensed by the second
source follower. Thus the output device sees the sig-
nal first at a phase-2 node, then at a phase-1 node,
providing a pair of data pulses for each bit sensed.
If the bit is a 1, the signal is relatively high, with
a small dip between the phase-2 and phase-1 portions;
but if the bit is a 0, both phases produce a peak
about one-third the 1 and O signal difference that de-
cays exponentially.

The amount of clock noise appearing at the output
depends on the extent to which the phase pulses over-
lap. Using only square-wave clock pulses, minimum
clock noise was achieved with phase pulses having
20-ns rise and fall times overlapped at their 40 and
60% points, respectively. Under these conditions, clock
noise was reduced to less than 10% of the voltage
difference between a 0 and 1 signal level. However,
the circuit does not eliminate the predominant resis-
tance-capacitance time constant slope in a 0 signal.

Although the two pulses are theoretically of equal
amplitude, they may be unequal, or unbalanced, as
the result of unequal node capacitances. Also, because
of transfer loss, the second sense node does not receive
all of the charge contained on the first. Experiments
have shown that the unequal amplitudes can be
equalized by unbalancing the amplitudes of the two
clock phases.

The clock suppression network also acts as a com-
pensator® for transfer loss. As with all FETs, the first
source follower has a gate-to-source capacitance. When
this device is cut off and the second source follower
is on, the gate-side of the capacitance is held to the
reference voltage on the sense node, while the source-
side is maintained at a voltage only slightly different
from the drain voltage of the second source follower.
When phase 1 turns off, the charge on the capacitance
is trapped; when phase 2 turns on, this trapped charge
is altered by adding or removing some charge from
the new signal that was shifted into the sense node
of the first source follower.

When a step input is applied to the compensator
(Fig. 8), it appears as a string of 1’s following a string
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Fig. 9 Transfer efficiency. True efficiency of the
16-bit output shift registers is measured without
compensation [color curve in (a)]. Uncompen-
sated transfer efficiency of the 512-bit long shift
registers (b) is also quite good

of 0’s. Normally, the first, or worst-case, 1 of such
a string would have a lower amplitude than the last,
or best-case, 1. However, the compensator boosts the
amplitude of the worst-case 1; it also negatively en-
hances the amplitude of the worst-case 0, as the dia-
gram shows for low frequency. (At higher frequencies,
the compensation merely brings the worst-case ampli-
tude closer to the best-case amplitude without exceed-
ing it.)

This compensation capability introduces difficulties in
measuring transfer efficiencies of the array and out-
put registers. When the output shift register is operat-
ing at frequencies below 1.5 MHz, the amplitude of
the worst-case 1 exceeds that of the best-case 1. Thus
the calculated transfer efficiency appears to exceed
unity, although, obviously, this is not possible. There-
fore, to measure the true transfer efficiency of the
output shift register, the gate connection to the second
source follower was removed with a laser. Transfer
efficiency was then found to lie between 0.996 and
0.998 per transfer [Fig. 9 (a) T

The transfer efficiency of the array shift registers
[Fig. 9(b)] was measured with the clock suppression
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network intact, and with a data pattern of 1’s and
0’s, so that the compensation would not influence the
results. The average of many different chips at 125
kHz was 0.9995 per shift (ranging between 0.9993 and
0.9996) .

Many other elecirical tests have been performed
to evaluate the effect on transfer efficiency from varia-
tion in phase pulse timing and amplitude, tempera-
ture, and bias voltages. For a +=10% change allowed
in any one parameter, variation in transfer loss™ has
been less than =+12%. Furthermore, from the time
the chips were first tested to the present—a period
of many months, no degradation in performance has
been observed.

Imaging

There is a striking comparison between the area scan-
ner and the human eye. Just as the discrete rods and
cones found in the human eye convert light into elec-
trical signals, so do the tiny sensors (PELs) which make
up the scanner. Signals from the scanner can be trans-
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mitted to a display system that reconstructs the pic-
ture.

When the chip is functioning as an image sensor,
it operates in frame transfer mode, whereby an image
is projected and focused onto the array. Light enter-
ing the silicon through the spaces between the metal
phase lines generates electron-hole pairs; the elec-
trons accumulate in the diffusion “buckets” and change
the potential on the diffusion-to-substrate capacitances
of each bucket by an amount proportional to the num-

ber of photons of the incident light. This corresponds
to both the brightness of the light and the length
of time for which it shines. Therefore, as long as the
accumulated charge does not overfill (saturate) the
individual buckets, the charge pattern will correspond
to the image focused onto the chip. After a period
of time has elapsed, to allow sufficient light integra-
tion, the phase lines are turned on and the array
is rapidly read out in the same manner as in the
memory application described earlier. While data are
being read out, the charge on the capacitors is being
reinitialized in order to be ready for the next frame
of optical data. After the entire array is read out,
the phase lines are turned off and the next frame of
optical data begins to accumulate in the buckets.

Since the stopping of phase lines during light in-
tegration is used in place of an optical or mechanical
shutter, the image is incident on the array while the
frame is being read out, and introduces additional,
unwanted charge, or noise, that distorts the properly
gathered data. To reduce this distortion, total readout
time—in relation to integration time—should be very
short.

Image-sensing evaluation of the chip was largely
devoted to a demonstration of its performance (Fig.
10). The bench setup used to evaluate the chip elec-
trically was also used for the optical evaluation, along
with a display incorporating very simple signal process-
ing. An image obtained from an object illuminated
with a 12-V, 60-W tungsten lamp was projected onto
an image splitter incorporated in the microscope and
focused onto the surface of the chip. Only one section

of the array (64 x 512 PELs) could be used at a time,

Fig. 10 Results. Author displays
sketch that was illuminated and
focused on a section of the 1- x
1.6-in. area scanner chip (left). The
chip produced the picture on the
oscilloscope (right)

limited by the probe station and optics. Consequently,
only four output analog signals from the four sub-
sections were multiplexed and digitized by a single-
level comparator, which controlled the blanking pulse
of a standard laboratory oscilloscope. This approach
reversed the image, displaying the light areas as black
and the black areas as white. External logic generated
the x-y raster on the scope to match this aspect of the
array segment.

The array registers were operated at between 100
and 187.5 kHz (output data rate of 1.6 to 3 MHz)
with no significant change on the displayed image.
Integration time was varied from less than 2 to more
than 16 ms, while the light intensity was decreased
accordingly. Again, no degradation showed up in the
final display. Sensitivity of the array registers was
measured, with the infrared light filtered out. An en-
ergy density of approximately 0.23 uJ/cm? was re-
quired to produce a 1-V change at the output circuit.

A number of different images were used, including
white letters on a black background, black Iletters
on a white background, and photographs of faces; in
the last, the faces were recognizable on the black/
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white display. The most impressive demonstration was
a typewritten message which moved across the segment
at 3 in./s and could be read on the display with no
smearing of letters.

Several types of defects were observed and identi-
fied from visual and electrical tests, such as missing
or bridged patterns, shorts between metallization pat-
terns, and shorts to substrate. Also, a variety of black
and white bar and point defects were observed on the
display. The black defects were caused by dark cur-
rent sources and areas extremely sensitive to light;
the white defects were traced to a blockage in the
shift register or transfer circuits caused by missing or
distorted patterns and possible pinholes? in the oxide.
Blooming, which is caused by charge spreading through
the register from an intense spot of light, was present
and produced black bands across the display. By either
reducing the light intensity or decreasing light inte-
gration time, blooming was eliminated from the normal
field of view of the optics without any loss of informa-
tion; but even when blooming was present, it was
not severe, because the analog data signal, having
been digitized into either a black or white level,
tended to reduce the extent of the bloom.

Other, more satisfactory displays are possible, either
by filtering the analog signal or by digitizing it into
various levels of gray. The important point to remem-
ber when analyzing the results is that the display’s
resolution and performance should not be assumed to
be those of the imaging device itself.

Numerous other modes of memory and image opera-
tion are possible, since the chip is divided into 16
electrically independent and addressable sections, each
with serial input registers. These would make the
device useful as a buffer, with information entering
through the serial input of one section while other
information is read out of another section.

Conclusion

Solid-state sensors of many sizes, with high or low
resolution, will probe their way into existing and future
markets. Whatever the application—research to manu-
facturing, monitoring to measuring—or as an input
reading device for a computer system (Fig. 11), they
can function in areas where the human eye cannot,
such as in hostile environments or very small places.
Solid-state image sensing is a fast-growing technology
that should be looked at with new, vigorous ideas to
assure its development and growth.
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A QUICK PEEK

AT A MICROPROCESSOR’S

PRIVATE PARTS.

PACE, THE EASY TO USE, STATE OF THE ART MICROPROCESSOR

PARALLEL COMMUNICA-

TIONS (16-BIT ADDRESS
AND DATA BUS.)
All address, input
and output data

are transferred on

a common 16-bit
bus, making inter-
facmg easy and
reducing the
number of system
bus buffers
required, thereby
simplifying inter-
face logic and
cutting system cost.

SERIAL COMMUNICATIONS

SERIAL
COMMUNICATIONS.
These serial input/
output lines are fully
decoded on the CPU
chip and provide a
means of direct interface
to a teletype, tape cas-
sette or any other serial
device. They also provide
for direct control of user
system functions or
peripherals.

DATA MANIPULATION

Four accumulators provide temporary on-
chip storage for intermediate and arith-
metic results, thus reducing program
length instructions during program opera-
tion and the number of memory operations.
Ten addressing modes provide easy access
to system memory. That means short,
simple and efficient programs for you.

PARALLEL

DATA
COMMUNICATIONS / MANIPULATION / SYSTEM CONTROL
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Please send PACE Technical Description to:
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COMPANY TITLE
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O OEM Equipment
O Control or Processing Aero Mill
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Mail to: National Semiconductor Corporation
2900 Semiconductor Drive, Santa Clara, Calif. 95051
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CIRCLE 37 ON INQUIRY CARD

MULTIPLE VECTORED
PRIORITY INTERRUPTS
Multiple peripheral control is
made easier by six hardware-
vectored, priority interrupt
control lines. These lines allow

PACE to rapidly identify and
service interrupting devices.
The benefits are faster inter-
rupt response and lower
memory cost.

INTERFACE CONTROL. All
address decoding and system
control is done on chip.

IDS (Input Data Strobe)—An
output signal that enables
external devices that are send-
ing data to CPU.

ODS (Output Data Strobe) —
An output signal that enables
external devices that will re-
ceive data from CPU.

ADS (Address Data Strobe) —
An output signal used to clock
address information to the sys-
tems’ memory or peripherals.

EXTEND (Extended Data
Transfer) —An input signal
that allows the processor to
accommodate a slow memory
or peripheral.
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Complex functions of many variables, difficult to handle
conventionally in analog computers, are often generated in
digital form by hybrid computers, at substantial penalty in time
and accuracy ; under a new approach to simulation they need not be

Multivariable Function Generation
For Hybrid Computers

Arthur . Rubin

Electronic Associates, Incorporated
West Long Branch, New Jersey

Multivariable function generation has been a problem
with analog computers from the very beginning. Even
hybrid computation has not satisfactorily solved it, be-
cause hybrid computers tend to run at digital, not
analog, speeds in this application. Digital processes,
which are intrinsically sequential, tend to be slower
than analog processes which work simultaneously with
many inputs in parallel, but are limited primarily in
precision.

Now, however, a truly analog multivariable func-
tion generator (MVFG) allows faster than real-time
simulation of functions of four or more variables for
tradeoff or design studies, and frees both the hybrid
computer programmer and the end-user analyst from
constant concern over whether the phase-error-induced
instabilities, sometimes observed in computer solutions,
are real or appear only as a result of inadequate
performance of the computer program.

Various analog techniques, all more or less inade-
quate, have been used in the past. For example, Bivar,
which was limited to two variables, consisted of a
semiconducting sheet on which equipotential lines were
drawn. When the sheet was placed on a plotting board,
and the board’s pen replaced with a pick-up probe,
it would produce a function f(x, y). Limitations of ac-
curacy, speed, and long set-up time for this device
severely restricted its use.

Another 2-variable generator was assembled from
l.variable diode-function generators (DFGs), which
approximate smooth, continuously varying nonlinear

functions by placing a series of linear functions end-
to-end (Fig. 1). In this device, the breakpoints between
linear segments in one function could vary as a func-
tion of another variable. Sixteen DFGs were required
to produce one 2-variable function. Aside from tying
up so much hardware, the approach required a lengthy
set-up time, and, in addition, restricted the user to a
narrow range of types of functions.

A much slower, but less costly, method was based
on a tapped-servo potentiometer. With this component,
interpolation among up to 17 functions of l-variable
(generated either by another tapped-pot servo driven
by x, or by DFGs) was performed by a “y” servo.
Again long set-up times were necessary, and the ap-
proach tied up lots of hardware.

Because of hardware limitations such as these, func-
tions of two variables have often been generated by
breaking them down into simpler entities, such as the
sum or product of two functions having one variable
each. More exotic variations of these techniques in-
clude quadratic interpolation among a limited number
of 1l-variable functions. Notably, none of these tech-
niques attempts to generate 3-variable functions. This
simply could not be attempted, since a single 2-vari-
able function requires most of the nonlinear gear avail-
able on ““old” analog computers.

Nevertheless, multivariable functions are often nec-
essary in modern simulation of complex systems such
as aerospace vehicles. Generating such functions re-
quires from 40 to 60% of available digital processor
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Fig. 1 Simple function generation. A
diode plus a resistance has a linear
voltage-current characteristic. Several
such combinations, properly intercon-
nected, can approximate almost any
single-variable function
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time in hybrid simulations, and similar proportions of
time in all-digital simulations (which have the added
burden of l-variable functions). Multivariable func-
tion generation is also a significant factor in simula-
tion of nuclear reactors, jet engines and turbines, and
underwater sound propagation, as well as in ionospheric
ray tracing. In these applications, functions take the

form of steam tables, curves relating pressure and
flow to speed, velocity of sound as a function of dis-
tance in three spatial dimensions, and spatial variation
of electron density. Multivariable functions also de-
scribe empirically determined basic characteristics of
man-made devices or interaction of man-made devices
with the environment. Common examples of the latter

h=ALTITUDE

ENGINE
THRUST  WIND

V=RESULTANT VELOCITY

FORCES ON
CONTROL
SURFACES

ANGULAR
R VELOCITIES

Fx

X

X
POSITION

VELOCITY
(INERTIAL
AXES)

is pointing and the direction it is moving

Fig. 2 Aircraft trajectory simulation. Several feedback loops are represented. For example, moments
exerted on aircraft by external forces determine its angular velocity which can affect the moments.
Similarly, these same forces determine accelerations and velocities of translation, which in turn deter-
mine the angle of attack and the angle of sideslip—or the relationship between the direction the airplane
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Fig. 3 Phase error. Because the
output of a digital-to-analog con-
verter can never perfectly match
the desired waveform, an error
arises that can significantly affect
digital simulations of analog phe-
nomena

are the aerodynamic forces and moments resulting
from the interaction of an aerospace vehicle and its
control surfaces with the air mass.

For example, the trajectory of an airborne vehicle
can be computed from the forces (Fi, F2, and F3) and
moments (L, M, N) in body axes (Fig. 2). Several
kinds of variables affect the forces and moments. Some
examples are external variables such as wind or wind
gusts, which are obviously not under pilot control;
control surface deflections 8., 8, and §. (elevator,
aileron, and rudder), under pilot control, which pro-
duce forces through their interaction with the air; and,
of course, engine thrust. All of these are examples
of forcing variables, or forcing functions, which cause
the airplane or missile to change its path. Other vari-
ables, which affect the aerodynamic forces, are alti-
tude (h), vehicle translational velocity (V), angular
velocity rates P, Q, and R, and angles of attack (a)
and sideslip (B).

These variables are the most important from the
aerodynamic viewpoint, since they affect the stability
and response of the unpiloted airframe. Furthermore,
important feedback terms are usually generated by an
autopilot from «, 8, P, Q, R signals and, sometimes,
depending upon the sophistication of the control sys-
tem, other velocity signals, which improve handling
qualities and stability.

Thus, trajectory computation involves several im-
portant feedback loops. One is the “moment loop,” in
which, from moments L, M, N (the tendency of forces
to produce rotation), angular acceleration terms P,
Q, and R are calculated. These are integrated once
to produce angular velocities P, Q, and R, which in
turn are immediately fed back to the moment loop to
affect possible changes in moments I, M, and N. An-
other important feedback loop is the «, B loop,
which is essentially a nonlinear “translational velocity”
feedback. This feedback begins with the forces along
the body axes, which are translated into inertial forces
and then into accelerations and velocities in the three
inertial directions. These, in turn, affect both the body
forces, Fy, Fs, and F3, and the moments, L, M, and N.

The other two principal feedback terms are V (total
translational velocity), and h, altitude. Of these, V

is more significant, since it affects all of the aero-
dynamic forces and moments. The effect of the altitude,
h, is to vary the air density, which is a multiplying
factor, or a gain effect, on the aero functions.

In simulating modern aircraft and missiles, all these
variables must be taken into account. Fidelity of the
simulation is crucially dependent upon the proper
phasing of the angular and translational velocity con-
tributions to the aerodynamic force and moment terms,
as well as their equivalent contributions through ex-
ternal forces on the control surfaces. Only a few
degrees of phase error in these contributions may be
sufficient to degrade simulation of a stable airframe
to appear unstable.

Phase error in an all-analog simulation is typically
measured in tenths of a degree at frequencies of 1
kHz or more. The usual range of frequencies for mod-
ern aircraft is from 1 to 8 Hz, and for missiles from
2 to 250 Hz or more. At these frequencies, systems
are well within the acceptable phase-error range of
the analog components, even if the simulations are
speeded up by factors of 10 or 100, as is sometimes
the case for statistical and other design studies.

Phase errors of several degrees, at the frequencies
required by aerospace simulations, are introduced when
the essentially continuous aerodynamic forces and mo-
ments are represented as discrete quantities. When
these are reconverted to analog form, there is inevitably
a difference between the converter output and the
original signal (Fig. 3). Discrete representation, in turn,
has been necessary because of the absence of analog
components that could generate multivariable functions
conveniently or at reasonable cost—thus, the need to
perform the simulation digitally and, therefore, se-
quentially, and to store the large number of data
points (ranging from 10,000 to over 100,000) necessary
to represent the multivariable aerodynamic functions
during the sequential simulation.

Modern Methods for MVFG

Two methods for generating multivariable functions
are in common use. Most widely known is a method
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which uses a digital processor in a table look-up and
interpolate routine; for speed of response, a hybrid
approach is used.

In the hybrid method, the digital computer fetches
data only when the variables are crossing a break-
point; analog and interface hardware do all comput-
ing and interpolating while the variables are between
breakpoints. This computation, like all-analog compu-
tation, is very fast, but requires less hardware than
an all-analog simulation.

Both methods suffer from the same restriction, ie,
the execution of many functions by a single digital
processor. Consequently, the effective frequency re-
sponse ranges from a few hertz for the digital method
to 20 to 50 Hz for the hybrid approach.

Two side effects result from the use of a digital
computer in the “hot loop” for aerodynamic force and

moment calculations. One is that computation of the
aero functions on this digital computer takes from
40 to 60% of the available central processor unit
(CPU) time, and from 40 to 100% of the available
core storage. The second, a consequence of the first,
is that the digital portion of hybrid aerospace simula-
tors is usually implemented on powerful (and ex-
pensive) digital computers.

Two major consequences result from these side ef-
fects. One, since large, powerful digital computers
are necessary to generate aerodynamic functions, enough
computing power is left over to perform increasing
portions of the simulation that were previously al-
lotted to the analog part of the hybrid system. Second
consequence is that virtually all aerospace simula-
tions in six degrees of freedom—both translation and
rotation in each of the three spatial axes—have been

MVFG OUTPUT
(STRAIGHT LINE INTERPOLATOR)

FUNCTION OUTPUT

GIVEN DATA
POINTS

S

CLASSICAL DIGITAL OUTPUT
(STAIRCASE)

Fig. 4 Hybrid output. A simple
hybrid function generator can
follow a nearly linear analog func-
tion (color) more closely than can
a digital generator converted to
analog. Space between ‘stair-
case” and sloping line represents
digital phase error

0 1 2 T T e e e i
+ (ARBITRARY UNITS)
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Fig. 5 Hybrid function generator. Inputs are digital function values stored in its memory,
as well as analog signals. Output is an analog voltage interpolation between the digital
input values, and closely follows the true function. Groups of these generators can be
interconnected to make functions of up to three variables

F(X) =
AXF(Xjq)+(1-8X)F(X})
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restricted to execution in real-time speed. This pre-
cludes the advantages that system analysts would gain
from generating families of solutions, quickly and in-
expensively, which would allow them to make more
meaningful tradeoffs among controllable system param-
eters, manufacturing tolerances, sensitivity to random
(noise) inputs, and so forth, as well as a more thorough
study of alternative designs.

Need for an Analog MVFG

Examination of Fig. 2 shows that the aerodynamic
function computing block in the upper left corner is
at the heart of the fastest, most critical feedback loops.
If any of these variables must be generated on the
analog computer because of speed requirements, it is

negate the gains realized by providing analog inputs
to the aero computation—eg, reduction or elimination
of phase shift in the high speed, critically important
variables.

Consequently, from a phase-error or frequency-con-
tent viewpoint, if justification for computing these vari-
ables in analog form exists, many of the aerody-
namic functions affected by them should also be com-
puted analogically by components whose bandwidth
and phase-error characteristics are compatible with
the basic variable components. Ideally, such an analog
MVFG would have error characteristics and bandwidth
similar to those for other nonlinear analog devices,
such as multipliers, resolvers, and 1-variable .function
generators.

Furthermore, availability of such a device and of
analog consoles equipped with true MVFGs would

F(X
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T T f(Xi)_J f(X,Y)
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Fig. 6 Multivariable generator.
Here four hybrid generators
(color) are interconnected with
input and weighting circuits to
generate a single function of
three variables. Also, functions
of one and two variables can be
generated with the same cir-
cuits under set-up command
control

pointless to digitize the variables, do a table look-up
and interpolation on a sequential digital computer,
and then use the resulting aero functions either digital-
ly or converted back to analog. The large phase
errors which would be introduced by performing all
of these steps in the heart of the hot loop would

free the digital portions of hybrid systems from the
laborious and time-consuming task of generating such
functions. The digital equipment could then be put to bet-
ter use performing those parts of the computation that
require great accuracy, or in analyzing, processing,
and displaying the results of the simulation online.
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Fig. 7 MVFG module. A single module con-
sists of hybrid generators, logic for access
to the controlling digital system, and a self-
contained memory storing the digital function

_______ values
By this means, they would interact more -effectively
with the systems analyst, and thus increase the effec-
tiveness of the hybrid system.

ORLGAINAL
User Features and Benefits OF
l PE%rMANENY

An ideal arbitrary function generator in an analog STORAGE
computer would have several specific characteristics: CARD READER
It could *be instantly set-up under automatic control,

and its performance would be independent of the gen-
erator used—it would be repeatable from generator
to generator and from set-up to set-up without drifting.
It would be programmable to generate any kind of
multivariable function having up to four variables,
including those with steep slopes, yet it would gen-
erate these functions at least as accurately as con-
ventional nonlinear analog components, over a similar
bandwidth.

In addition, it would be self-contained and inde-
pendent—eg, it would not use other analog or digital
computing resources while operating. Different func-
tion modules could be used in different simulations
at the same time. In performing these simulations, the
number and spacing of its breakpoints could be freely
assigned, and its memory could be expanded to hold
any practical number of breakpoints and correspond-
ing function values, even for large functions of three
variables. Last, but not least, it would cost no more
than currently available automatically set generators
of 1l-variable functions, when operating at the 1-variable
level.

An MVFG module has been developed which meets
all of these requirements. It combines large digital
data storage and continuous high speed analog inter-
polation. Its output (Fig. 4) is produced from a basic
hybrid function generator circuit (see Ref.). This cir-
cuit (Fig. 5) utilizes multiplying digital-to-analog con-
verters (DACs), often called digital-to-analog multi-
pliers (DAMs). Like conventional DACs, DAMs may

have a reference voltage from which current is routed
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Fig. 8 Hybrid function generator. A system consisting
of up to 256 MVFG modules, each capable of generat-
ing functions of up to three variables, can be set up
from a digital computer using data on punched cards.
If not run immediately, the set-up can be stored on a
secondary memory such as a disc unit, for recall at a
future time

through various branches of a resistive adder by
switches controlled by the digital quantity to be con-
verted. The total current at the resistor’s common
node, or a voltage derived from it, is an analog quantity
proportional to the digital input quantity. However,
in the DAM, the reference voltage is not fixed; it
can vary, and the circuit’s output is proportional to
the product of this “reference” or variable and the
digital input.

Analog variables are converted to normalized scaled
analog variables, such as AX, 1 — AX, by the input
detector circuits, shown in Fig. 5.
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INPUT -OUTPUT BUS

UP TO 256
MODULES

Fig. 9 Interface. The digital computer is
involved in a particular run only during set-
up, when it communicates with the MVFG
modules over its 1/0 bus

The normalized analog variables, AX, AY, AZ, 1 —
AX, 1 — AY, 1 — AZ, are transformed through weight-
ing function circuits, which then are multiplied by the
function values, f;, contained in the output DAMs, which
represent the stored data points of the corners of the
functions in the local region defined by AX;, AY;, and
AZ;. The circuit for a function of three variables is
shown in Fig. 6. Analog comparator circuits sense when
the input variable crosses a breakpoint, and signal the
module to fetch new data from its own memory (Fig. 7).

The MVFG is a modular unit housed in a single
chassis containing all components necessary to form
one function of three input variables, plus electronic
switches for reconfiguring the generator. Up to eight
modules can be housed in one standard single-bay
rack along with a power supply.

The MVFG module may be functionally divided into
two major subgroups. The first includes high speed
digital logic and control, 4000 words of high speed
memory, and an interface to a master digital computer.
The second subgroup, the hybrid interpolator, includes
four analog input units, four quad multiplying DACs,
several analog multipliers, and output buffer ampli-
fiers. Under control of the master digital computer,
the module can be configured in one of three modes
of operation, generating one function of three variables
f(x, v, z), two functions of two variables, or four
functions of one variable. One function of four variables
can be generated with two such modules, requiring
only a small internal change to the standard module.

Software for access to the module is included in
the standard FORTRAN Run Time Library. Arguments
for this routine indicate the desired configuration of
the MVFG module, its address, and breakpoint and
function value data. The module, after it is configured
by the system digital computer, produces continuous
analog function values corresponding to the applied
analog inputs.

The MVFG is loaded by the system digital computer
(Fig. 8) from a card deck. This permits the system

digital computer to perform all of the set-up, con-
figuration, and module assignment (Fig. 9). The digital
computer then generates the run-time “load and go”
file, which can be loaded immediately into the MVFG
modules or stored away for later use on a digital
mass-storage device.

An initial use for MVFG modules will be at the
U.S. Army’s micoMm Advanced Simulation Center, Red-
stone Arsenal, Alabama. The units will be an expanded
version of the basic modules, wherein each of the
four MVFGs installed will produce up to eight output
functions from four input variables, relieving the
hybrid system’s digital computer from time-consuming
function generation, trigonometric resolution, and certain
algebraic tasks. The four modules, contained within a
standard 21-in. rack, will be addressable to any of six
analog variables, such as AX, 1 — AX, by the input
that is used along with a multiple-oR (MOR) switch-
ing network to provide for analog computer control
and computation of three simulation cells for any
of several digital computers.
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Here are some of the companies
we’ll be keeping at CompDesign 76.

( CONTROL CENTRONICS

LOGIC data computer corp.
Control Logic will feature the Centronics Data Computer Corp.
MM1, a line of general-purpose will display a full range of printer
OEM microcomputers for use in products with speeds of 88 cps to
control and other applications 200 Ipm. Included will be new tele-

stressing cost effectiveness, versa-
tility and speedy market entry.
Fully software supported, MM1 of-

printer models, label printers and
ledger card devices. These products
fers 1/0O device simulation capabil- axs de5|gn_ed o help SHE STIstamers
ity through the keyboard. Micro- meet the increasing demand of new
computer seminar. markets.

DATA 100

OEM MANUFACTURERS

The Data 100 OEM product line
features line printers ranging in
speed from 62.5 to 600 lines per
minute, front and top loading disc
drives, card readers, card punches,
paper tape products, magnetic tape
products, and a line of general pur-
pose microprogrammed minicom-
puters and accessories.

=) Remex

Ex-Cell-O Corporation
At REMEX, see:

INSTRUMENT

Rotating memory products will — the versatile RFD7400E Flexible
show its new head per track disk Disk Drive, for both IBM compat-
memory — The Model 700 —a ible and expanded format applica-
compact, low-cost, light-weight, tions

fast access memory that’s designed — configurations of the REMEX
for ultra reliable operation in point Flexible Disk system, custom de-
of sale, communication, process SIgn_ed for the multiple unit buyer.
control and key-entry applications. — high speed/low cost paper tape

readers, perforators and combos.



The Other Computer Company:
Honeywell

Honeywell will demonstrate a minicomputer
especially suited to the OEM manufacturer and
systems builder. The powerful system architec-
ture combines compactness, advanced modu-
larity, built-in test and verification, and excep-
tional reliability and serviceability. Software,
peripherals, communications capability, and an
attractive price structure round out an offering
that has benefitted from over ten years of
extensive minicomputer experience.

YEL ET Y PE
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Teletype Corporation’s exhibit fea-
tures its new, 300 Ipm, tractor feed
impact printers — offering excep-
tional flexibility and reliability at
an impressively low price. The
highly successful (600,000 plus
sold) very economical model 33
ASR will also be shown.

TALLY
CORPORATION

Tally will exhibit its line of medium
speed, low cost, dot matrix impact print-
ers for minicomputers, business systems
and communications applications. In-
cluded are 120 character per second serial
printers and 125, 200 lines per minute
printers. The primary attributes of the
Tally printers are high fidelity print qual-
ity and hi reliability performance.

POWERTEC

INCORPORATED

Low voltage D.C. power supplies
including open frame and sub-
modular power supplies and high
technology switching regulators.

( WANG )

LABORATORIES, INC.

Wang will display for OEMs a fast,
quiet, reliable 200 cps printer. With
a standard 96 character set formed
by a 9 x 9 matrix, up to 132 print
positions.

A price competitors can’'t match,
and a 100 city field support staff.



TECH NOTE

Tools for Logic Analysis

Jim Wagner

Tektronix, Incorporated
Beaverton, Oregon

Although logic analyzers have increased in variety and capability, useful
perspective can be gained by stepping back and comparing them with oscillo-

scopes—the most familiar tool for analysis and

laboratories

For several years, the imminent de-
mise Qf the oscilloscope as a tool
for logic analysis has been predicted.
These predictions would seem to be
borne out by the recent develop-
ment of sophisticated and powerful
logic analyzers. However, aside
from the fact that many logic analyz-
ers use oscilloscope displays, oscil-
loscopes still offer significant power
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