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finest craﬂed products

e Embedded design.

G western peripherals '™

one of them,
controllers
from
western
peripherals

Universal Tape Controllers

e Software compatible for
PDP-11*NOVA**& Interdata.

e Embedded design.

¢ 9 Trk 800/1600 bpi, 7 Trk
200/556/800 bpi
intermixed.

® 12.5t0 125 ips, any two
speeds.

e NRZ and PE formats.

Universal Disc Controllers

e Software compatible for
PDP-11 & NOVA.

e Top Load (5440) & Front
Load (2315).

e Up to 20 mb per drive.
e Media compatibility.

*trade name ot Digital Equipment Corp
**trade name of Data General Corp




KENNEDY

SERIES 5300 DISK DRIVES

Series 5300 drives are fixed media, high The tightly sealed disk compartment allows
performance units utilizing advanced Winchester Series 5300 drives to be used in environments
disk technology. unsuitable for conventional drives.

Available in one, two, or three platter versions, Other Series 5300 features include: NRZ-MFM
the unformatted data capacity can be as high as data encode/decode circuits; daisy chaining of
70M bytes—all in 7" of rack space. up to 4 drives; address mark detection; built-in

Track density of 300 Tpi is made possible by power supply; small, easily replaced circuit cards
prewritten servo tracks utilizing one disk surface, and a standard interface.
thus assuring accurate head alignment under all Series 5300 is sophisticated in concept, yet like
circumstances. High data density results from use all Kennedy products, is simple in design for greater
of advanced media and write compensated reliability, improved performance and lower cost.
MFM recording.

Maximum seek time is 70 msec, rotational KENNEDY CO.
speed, 3000 rpm, and data rate — 1.0 MB/sec. 540 W. WOODBURY RD., ALTADENA, CALIF. 91001

(213) 798-0953
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FOR OFFICES THAT WANT TO
KEEP IT QUIET, THE NEW TALLY
HUSH-TONE KEEPS THE LID ON NOISE.

If printer noise disturbs your office serenity, you'll
appreciate the mel-low decibels of the whisper-quiet
Tally Hush-Tone. Our special acoustically designed
enclosure attenuates printing noise level down to an
unheard of quiet level. When not printing, the Hush-
Tone is totally quiescent.

TALLY
PRINTERS

OEM SALES OFFICES

Boston (617) 272-8070 San Antonio (512) 733-8153
New York (516) 694-8444 Washington, D.C. (703) 471-1145
Chicago (312) 885-3678 BUSINESS SYSTEMS SALES

Los Angeles (213) 378-0805 Qrinda, CA (415) 254-8350
Miami (305) 665-5751 e a bl

Philadelphia (215) 628-9998
San Jose (408) 247-0897
Seattle (206) 251-6730
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Available at 125 and 200 lines per minute, the
Tally Hush-Tone is easy to live with, easy to operate.
And easy on the pocketbook. It's the newest member
of the Tally T-2000 series—the most reliable (and
lowest cost of ownership) line printers you can buy.
Remember, Tally line printers never need adjustments,
lubrication nor preventive maintenance. And you can
always count on consistent print quality.

The Tally Hush-Tone. You get more than quiet
performance. You get up-time performance.

Call or write today. Tally Corporation, 8301
South 180th Street, Kent, Washington 98031. Phone
(206) 251-5500.
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COMMUNICATION CHANNEL

This final article reviews the dramatic tech-
nological, applications, and regulatory de-
ve'opments that have occurred in data com-
munications since the column began in
January 1970

DIGITAL TECHNOLOGY REVIEW
Two midrange business computer systems
employ SOS LS| technology to achieve high
performance, while reducing size, cost, and
power requirements

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

A microcomputer controlled laser welding
system spot welds terminals on miniature
relays four times as fast and more reliably
than a resistance welding system

TECH BRIEF
DESIGN BRIEF

MICRO DATA STACK/
PROCESSORS AND ELEMENTS

External realtime clocks—programmable, free-
running, and time-of-day—can precisely time
intervals, freeing the microcomputer to
simultaneously handle other functions

MICRO DATA STACK/
COMPUTERS AND SYSTEMS

A customized development system supports
installation, testing, and checkout of a
microprocessor based data acquisition sys-
tem using a hardware oriented design ap-
proach

AROUND THE IC LOOP

Powerful computational tools result from
combination of arithmetic processing chips
with the control capabilities of the micro-
processor. Available devices range from
mu'tiplier-accumulator chips to firmware
programmable chips having all necessary
arithmetic elements and control circuits

PRODUCT FEATURE

Standalone measurement and control system
provides all necessary signal conditioning
and logic to permit direct sensor hookup

LITERATURE

GUIDE TO PRODUCT
INFORMATION

ADVERTISERS’ INDEX

Reader Service Cards
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FEATURES

REALTIME PROTOTYPE ANALYSIS

AS A MICROPROCESSOR DESIGN AID 65

by Robert Francis and Robin Teitzel

Design/development aid provides actual emulation of all system
elements during in-process execution to ease the complex task of
integrating hardware and software into a prototype microprocessor
based system

INTEGRATING PERIPHERALS INTO PROCESSING SYSTEMS 77
by Reinholdt J. Eufinger

Advantages and disadvantages of each of three design approaches to
connecting peripherals to CPUs—hardware, software, and combined
hardware/software—are investigated as to development, application,
and cost

WIDEBAND COMMUNICATION SYSTEM

IMPROVES RESPONSE TIMES 85

by James F. Wanner

Data handling system for economical computer-peripheral interactive
communications at distances up to 20 miles is marked by wide
bandwidth, fast response time, reliable performance, and multiple
interconnect ports

BCD/BINARY CONVERSION WITH SINGLE IC CELL 94
by M. G. Phadnis and D. Joshi

A hardware design approach for fast conversion of whole or fractional
numbers from binary to BCD or BCD to binary proves the feasibility
of implementing these capabilities within single integrated circuit chip

5-YEAR INDEX A1

Advances in the electronics industry are documented in alphabetical
index of feature material published in Computer Design over the
past five years
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The New
Slimline Series
From Okidata

OKIDATA

Line Printers That
Sell Minisystems

The Okidata Slimline Series, a new family of
microprocessor-controlled, 132 column line printers.
A wide range of speeds, options and plug-compatible
interfaces, all supported with common spares.

Common spares but uncommon price, performance
and reliability. OEM prices that create new mini-
system opportunities, print quality that helps sell the
businessman and Okidata reliability and maintain-
ability—unmatched in the industry. A 500,000,000
character head warranty and stored program machine
history that replaces customer installation records.

The Slimline, available in 300, 250, 160 and 125 LPM
models. Twelve program-selectable fonts, 5 x 7,

7 x7 and 9 x 7 characters, and graphics capability.
The Slimline, backed by a worldwide sales and
service organization.

OKIDAIA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600
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EXORterm 220

it’s Motorola’s
“total” 2 MHz 6800
development system Z x
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EXORterm 220 is designed for software and
hardware system development for all Motorola and
second source M6800 Family microprocessors and
single-chip microcomputers operating at speeds
up to 2.0 MHz. It also adapts for use with the single-
chip MC3870, single-chip MC141000, and the
M10800 and 2900 bipolar 4-bit slice families.
EXORterm 220 rounds out the Motorola devel-
opment-system line started by the EXORciser,*
updated by the EXORciser Il, and anchored
recently by the 1 MHz EXORterm 200 — the
economical, compact system for those who don’t
require the 2 MHz speed and dual-memory map
compatibility of the EXORterm 220. Supple-
mented by appropriate software, Motorola
: disk operating system, and EXORprint*||
M printer, they also create the M6800 Software

Development Station.

EXORterm* 220 combines the necessary For technical information on Motorola’s “total”
display terminal with the system development 2 MHz development system, circle the reader ser-
capability of the EXORciser*lIl, creating a single, vice number or write to Motorola Microsystems,
more reliable and less expensive, easy-to-use, P.O. Box 20912, Phoenix, AZ 85036. For in-depth
compact unit. information on Motorola’s complete system

EXORterm 220 is the “total” 2 MHz develop- development support, contact your authorized
ment system. It’s all part of Motorola’s commit- Motorola distributor or Motorola sale office.
ment to total Support for MPU SyStem development’ *EXORciser, EXORterm, and EXORprint are trademarks of Motorola Inc.

and, like our other development systems, it’s
backed by all the development software you
require.
EXORterm 220 software includes the resident
relocatable macro assembler/linking loader and MOTOROLA
CRT editor. High level languages available include .
MPL, FORTRAN, and COBOL compilers, and a Semiconductor Group
BASIC Interpreter.
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LETTERS TO THE EDITOR

To the Editor:

The article entitled “Software-Based
Single-Bit 1/0 Error Detection and
Correction Scheme” (Sept 1978, pp
130, 134, 136, 137) presents a scheme
for checking 4-bit characters by using
three check bits. A direct table lookup
is used to convert each 4-bit char-
acter to one of 16 reference 7-bit
characters. A decode subroutine is
then used to correct any single-bit
error which may have occurred, to
remove the check bits, and to re-
structure the character into the origi-
nal 4-bit form.

Selection of the reference 7-bit
characters and the subsequent check-
ing and stripping of the check bits
represent an elegant algorithm, and
the detailed decode subroutine is a
commendable academic exercise, but
the 40-odd instructions which must
be executed for every 4-bit character
are entirely unnecessary for any prac-
tical implementation. A simple table
lookup from 128 entries can be used
to convert any 7-bit character to the
original 4-bit character and even iden-
tify the error, if desired.

It is fairly simple to find a set of
16 reference patterns of 7 bits, each of
which differs from the others by at
least 3 bits. This ensures that the 7
patterns generated by a single error
in each of the 16 reference patterns
is distinct from those generated by a
single error in any of the other 15.
Thus, of the 128 7-bit patterns pos-
sible, 7 x 16 = 112 are unique error
transforms of the original 16. It is not
difficult, therefore, to associate each
of the 128 entries in a table with the
original 4-bit pattern and even iden-
tify which bit was in error to generate
that entry.

John M. Harriman

General Electric Nuclear Energy
Group

San Jose, Calif

To the Editor:

The Design Note entitled “Software-
Based Single-Bit 1/0 Error Detection
and Correction Scheme” (Sept 1978,
pp 130, 134, 136, 137) interested me

6

for a variety of reasons. However, I
would like to point out one mislead-
ing “conclusion” shown on p 134, ie,
“A triple error would be received as
if it were correct; no error would be
detected.”

This is not, in general, true. Using
the scheme and notations in that
article, an example is given as follows.
Assuming that 13 I5 16 17 = 0000 (Cl
C, I, C, I; I I, = 0000000), and I,,
I;, and I; are incorrect (C; Cy I3 Cy4
I; I I; = 0010101), error pattern
001 can easily be derived. This pat-
tern, however, reflects information on
error detection in some sense other
than “as if it were correct.”

Tzong-Yu Paul Lee
Sycor, Inc
Ann Arbor, Mich

To the Editor:

Your Aug 1978 publication contained
an article by John E. Buckley on
“Multi-Vendor Information Systems”
(pp 11-12), which was misleading
with respect to the Bell of Pennsyl-
vania policy on joint inter-vendor di-
agnostic testing efforts. The article
implies that Bell of Pennsylvania does
not participate in cooperative diag-
nostic efforts at a customer’s premise.
This is simply not the fact; indeed,
the contrary is true.

In our zeal to effectively support
customer data communications needs,
we, as well as all other Bell System
Operating Companies, have estab-
lished especially trained “data com-
munication systems oriented” organi-
zations to accommodate the indepth
diagnostic requirements inherent in
multi-vendor  environments. This
course of action was instituted in the
early 1970s when it became apparent
that meaningful inter-vendor coopera-
tive efforts required a level of tech-
nical expertise that was beyond the
scope of our normal “service person-
nel.” Only subsequent to the estab-
lishment of these specialized organi-
zations did we place the cooperative
diagnostic constraints on our normal
service personnel mentioned in the
Buckley article.

The existence and function of these
specialized organizations termed Data
Technical Support (paTEC) and Cus-
tomer Software Support Specialists
(csss) is well known throughout the
Bell System, as well as to the data
communications vendor community.
Many articles acknowledging these
organizations have appeared in trade
journals, eg, Computerworld (July
1973), Telephone Engineering and
Management (Mar 1975, Aug 1978),
and Data Management (Sept 1973).
In addition, listings detailing specific
DATEC contacts in each Bell System
Operating Company have been dis-
tributed to requesting vendors by
AT&T headquarters.

To bring these specialized organi-
zations into action, a customer need
only express this requirement to the
normal telephone company interface,
ie, service or marketing representative,
once each involved vendor has uni-
laterally verified the proper perfor-
mance of his portion of the overall
data communications system.

Thomas K. Weigand
Bell of Pennsylvania
Philadelphia, Pa

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460

CORRECTION

In the October Micro Data Stack/
Computers and Systems item en-
titted “Emulator Permits Faster
File Sorting and Accessing” con-
tained on pp 190, 192, the access
times of the General Robotics
spvll superpisk should be listed
as under 100 us. It should also be
noted that the logic and timing
strategies discussed “are designed

. so that the memory seems
to be always ready to transfer data
from the sector being addressed.”
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 We suspect you share our feelings. We all admire
- superb craftsmanship and clean, efficient design. However,
compared to performance, price, and reliability, “good
looks" has to take a back seat.

But isn't it nice to find products like Power-One open-
frame power supplies that actually offer all these desirable
features? The good looks you can see for yourself, so let's
talk about what really counts.

Talk about prices...it’s still 1973.

It's true. 95% of our standard models are priced the
same today as they were five years ago. Take our B case
models, for example. In 1973 they sold for $24.95. Today,
they're still $24.95. .. and holding! Amazingly, Power-One
open-frames were price competitive in '73. Think what
they are today.

Talk about reliability...we burn them in
so they don’t burn out.

Every single unit bearing the Power-One label
undergoes a full functional test, followed by a 2-hour
burn-in, plus a final full functional test. We repeat — every
single unit! Compare this to other manufacturers who
conduct only a single operational test. That's why no other
open-frames match ours for long life and overall reliability.

[/

Talk about selection...we have 84 standard
models.

Without a doubt, Power-One has the broadest selection
of “off-the-shelf” open-frames in the industry — 84 different
models. Single outputs, duals and triples ... plus new
Floppy-Disk and Microprocessor series. And these are
all off-the-shelf standards, ready for delivery when you need
them. Last year alone, we delivered over 100,000 of these
standards — on time! That makes
Power-One the largest producer
of open-frames in the world.

Talk about catalogs...
we’ve got a beauty.

It's all new, and all inclusive.
Complete specs, dimensional ’i‘ 'a
drawings, and pricesonevery .

e,

JEss

standard model. So don't delay. ig.age: <

Get your free copy now. .
Also, for off-the-shelf ‘ . il

delivery inyourarea, call us for 3 » —

the location of your nearest m

Power-One distributor.

T 0 - One..

__D.C. POWER SUPPLIES _____

Power-One Drive * Camarillo, CA 93010 « (805) 484-2806 + TWX: 910-336-1297
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The SA800 and the SA850.

Whether you use our SA800/801, the

world’s most demanded floppy disk drive,
or our SA850/851—the world’s first IBM-
compatible, double-sided, double density
disk drive —you're sure to get ahead. Why?
Because only Shugart controls the head tech-
nology that gives you the best ceramic read/
write heads on the market. And our OEM'’s
know that they are buying the latest technology,
because Shugartis the only independent company
in the business which controls its own head R&D
and manufacturing. That's why we're the only
company in the business to have delivered over half a million of these heads.

Two grea
ahead wit

Why the SA800/801 is the industry standard. It's no secret that the
SAB800/801 floppy drive has become the industry standard. Its performance results directly
from our proprietary head technology.
When you talk about a media life of over 3.5
million passes and a head life that exceeds
15,000 hours, you're talking about standard-
setting performance. Add to that a‘choice
of 400 kbytes or 800 kbytes (unformatted)
and single or double density capability on
the same drive for the same price. And then
settle the matter with system performance
like soft read error rates of 1/10°, hard read
errors of 1/10'2, and seek errors of 1/10°.




The SA850/851. Firstand first with Fasflex™
Which means the SA850/851 double-

sided floppy is the first independently
manufactured drive to double data

storage capacity. And it's the first to cut
access time to 3 milliseconds with the
Fasflex™ actuator. And the SA850 offers
maximum media flexibility, too. Storage? A
double-sided, double density SA850 gives
you up to 1600 kbytes (unformatted). It can
utilize FM, MFM, or M2FM encoding. Access
time? Shugart's proprietary Fasflex metal
band actuator gives you a 3ms track to track
access time with an average seek time, including
settling, of 91ms. Yet Fasflex requires only half the
power of lead screw actuators. Media flexibility?

Whether you use conveniently obtainable Shugart media,
or other brands, the SA850 drive family reads and writes data on single and double
density media, and on single and double-sided media.

ways to get
Shugart.

Two out of three OEM's specify Shugart. During 1979, more than a quarter million
Shugart floppy disk drives will be installed throughout the world. No other manufacturer comes
close to that magnitude of delivery. The reason? OEM's rely on our total commitment to R&D.

That commitment means we deliver state-of-the-art, low cost,
rotating memory products that have a track
record for quickly becoming industry stan-
dards. Our success comes from our grasp of
where performance in low cost, rotating
memory originates: the head technology.
That's our strength; it's why we're called The
Headstrong Company. Shugart Associates
Headquarters: 435 Oakmead Parkway,
Sunnyvale, California 94086 (408) 733-0100:;
West Coast Sales/Service: (408) 252-6860;
Midwest Sales/Service: (612) 574-9750;

East Coast Sales/Service: (617) 893-0560;
Europe Sales/Service: Paris (1) 686-00-85;
Munich (089) 176006; Shugart products

are also available off the shelf fromlocal
Hamilton Avnet outlets.

2 .Shugart

The Headstrong Company
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| CALENDAR |

CONFERENCES

JAN 8-9—Internat’l Sym on Mini and Micro-
computers in Control, Islandia Hyatt House,
San Diego, Calif. INFORMATION: The
Secretary, Computers in Control Symposium,
PO Box 2481, Anaheim, CA 92804. Tel:
(714) T74-6144

JAN 16-18—Internat’'l Sym on Mini and
Microcomputers (MIMI), Disneyland Hotel,
Anaheim, Calif. INFORMATION: MIMI 79
Anaheim, PO Box 2481, Anaheim, CA 92804.
Tel: (714) T74-6144

JAN 16, FEB 8, and FEB 26—Invitational
Computer Conf, Orange County, Calif; Ft
Lauderdale, Fla; and Atlanta, Ga. INFORMA-
TION: B. J. Johnson & Associates, 2503
Eastbluff Dr, Suite 203, Newport Beach, CA
92660. Tel: (714) 644-6037

JAN 22-26—Computers and Peripheral Trade
Show, London, England. INFORMATION: E.
Belden, U.S. Dept of Commerce, Bureau
Export Div, Washington, DC 20230

JAN 30-FEB 1—Communication Networks,
Sheraton-Park Hotel, Washington, DC. IN-
FORMATION: Ed Halsted, The Conference
Co, 60 Austin St, Newton, MA 02160. Tel:
(617) 964-4550

FEB 6-8—Sym on Modeling and Performance
Evaluation of Computer Systems, Technische
Universitat Wien, Austria. INFORMATION:
Dr A. Butrimenko, Internat’l Institute for
Applied Systems Analysis, A-2361 Laxenburg,
Austria

FEB 14-16—European Conf on Parallel and
Distributed Processing, Toulouse, France. IN-
FORMATION: C. Girault, Institut de Pro-
grammation, 4 Place Jussieu, 75230 Paris
Cedex 05, France

FEB 14-16—IEEE Internat’l Solid State Cir-
cuits Conf (ISSCC), Philadelphia, Pa. IN-
FORMATION: Lewis Winner, 301 Almeria
Ave, PO Box 343788, Coral Gables, FL 33134.
Tel: (305) 446-8193

FEB 26-MAR 1—COMPCON Spring, San
Francisco, Calif. INFORMATION: COMP-
CON Spring 79, PO Box 639, Silver Spring,
MD 20901. Tel: (301) 439-7007

FEB 26-MAR 2—INTELCOM, Dallas Con-
vention Ctr, Dallas, Tex. INFORMATION:
M. Raftery, Mgr of Promotion, Horizon House
Internat’l, 610 Washington St, Dedham, MA
02026. Tel: (617) 326-8220

FEB 27-MAR 2—NEPCON WEST, Anaheim
Convention Ctr, Anaheim, Calif. INFOR-
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MATION: Industrial and Scientific Conf
Management, Inc, 222 W Adams St, Chicago,
IL 60606. Tel: (312) 263-4866

FEB 28-MAR 2—lInternat’| Computer Expo,
Tokyo Internat’| Trade Ctr, Tokyo, Japan.
INFORMATION: Golden Gate Enterprises,
Inc, 1307 S Mary Ave, Suite 210, Sunnyvale,
CA 94087. Tel: (408) 735-1122

MAR 4-8—Business Systems Exhibition, U.S.
Trade Ctr, Tehran, Iran. INFORMATION:
Susan Blackman, Project Mgr, Commerce Ac-
tion Group for the Near East (CAGNE),
Rm 6015B, Washington, DC 20230. Tel:
(202) 377-2952

MAR 6-8—Optical Fiber Communication,
Shoreham Americana Hotel, Washington, DC.
INFORMATION: Optical Society of America,
2000 L St, NW, Suite 620, Washington, DC
20036. Tel: (202) 293-1420

MAR 19-21—IECI Conf and Exhibit on In-
dustrial and Control Applications of Micro-
processors, Philadelphia, Pa. INFORMATION:
S. J. Vahaviolos, Physical Acoustics Corp,
PO Box 3135, Princeton, NJ 08540. Tel:
(609) 799-8266

MAR 25-28—Numerical Control Society An-
nual Meeting and Technical Conf, Marriott
Hotel, Los Angeles, Calif. INFORMATION:
Joyce Scholl, Numerical Control Society
Headquarters, 1800 Pickwick Ave, Glenview,
IL 60025

APR 2-6—Computers and Peripheral Equip-
ment, Melbourne, Australia. INFORMATION:
Peter Ryan, Office of International Market-
ing, Industry and Trade Administration, U.S.
Dept of Commerce, Washington, DC 20230.
Tel: (202) 377-2849

APR 3-5—Specifications of Reliable Software
Conf, Hyatt Regency Hotel, Cambridge, Mass.
INFORMATION: Software Engineering, PO
Box 639, Silver Spring, MD 20901. Tel: (301)
439-7007

APR 9-12—INTERFACE, Chicago, lIl. IN-
FORMATION: Sheldon G. Adelson, Presi-
dent, Datacomm Interface, Inc, 160 Speen
St, Framingham, MA 01701

APR 23-25—Sym on Computer Architecture,
Marriott Hotel, Philadelphia, Pa. INFORMA-
TION: Dr Barry Borgerson, Sperry Univac,
PO Box 500, Blue Bell, PA 19422, Tel: (215)
542-2013

APR 24-26—Electro, New York Coliseum and
Americana Hotel, New York, NY. INFOR-
MATION: William C. Weber, Jr, General
Mgr, Electronic Conventions, Inc, 999 N
Sepulveda Blvd, El Segundo, CA 90245. Tel:
213) 772-2965

APR 24-26—Reliability Physics Sym, Airport
Hilton, San Francisco, Calif. INFORMATION:
Dr Frank B. Micheletti, Rockwell Internation-
al, Electronics Research Ctr, D/545, 022-
HAZ27, 3370 Miraloma Ave, Anaheim, CA
92803. Tel: (714) 632-4380

MAY 21-23—European Hybrid Microelec-
tronics Conf and Exhibition, Internat’l Con-
gress Centre, Ghent, Belgium. INFORMA-
TION: Prof R. Govaerts, Katholieke Uni-
versiteit Leuven, Afdeling ES.A.T., Kardinaal
Mercierlaan 94, B-3030 Heverlee, Belgium

SEMINARS

FEB 22-23 aond MAR 29-30—Microproces-
sors: Hardware, Software, and Application,
Worcester Polytechnic Institute, Worcester,
Mass; and Boston, Mass. INFORMATION:
Ginny Bazarian, Program Coordinator, Office
of Continuing Professional Education, Wor-
cester Polytechnic Institute, Worcester, MA
01609. Tel: (617) 753-1411, X517

MAR  19-20—Microcomputers: Operating
Principles, Hardware, and Software; and MAR
21-23—Microcomputer Hardware and System
Design, Holiday Inn, Palo Alto, Calif. IN-
FORMATION: Prof Donald D. French, Insti-
tute for Advanced Professional Studies, One
Gateway Ctr, Newton, MA 02158. Tel: (617)
964-1412

SHORT COURSES

JAN 15-19—ECM and ECCM for Digital
Communications, JAN 23-26—Design and
Applications of Computer Graphics Systems,
FEB 5-7—Data Compression: Techniques and
Applications, FEB 7-9 and MAR 7-9—Micro-
processors, and FEB 14-16—Applications of
Microcomputers in Control Systems, George
Washington U, Washington, DC. INFORMA-
TION: Director, Continuing Engineering Edu-
cation, George Washington U, Washington,
DC 20052. Tel: (202) 676-6106

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least two months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months in
advance.
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Head and shoulders
below the competition

DEC RXO01
102"

$4300

Bootstrap $320 extra

DSD 110
5Ya"

$3195
Bootstrap included

e

Data Systems’ new, floppy disk system offers
performance and storage equal to DEC®’s RXO01,
but uses half the space and costs 25% less.

Save money, save rack space All this is possible because the To find out more about the

and increase your system'’s re- interface, formatting and con- low-cost, low-profile DSD 110,

liability by selecting the DSD 110 troller circuitry, and hardware contact Data Systems today. A

for use with any DEC LSI-11 or bootstrap have been combined data sheet and price list will be

LSI-11/2. on a single dual-wide card. This forwarded to you immediately.
card, which is available sepa-

The DSD 110 provides 512K rately, eliminates the need for ®: Registured trademark ot Gighal

bytes of fully DEC-compatible DEC’s REV-11 card. it

storage in a 5%4" cabinet. While
the DSD 110 saves you rack
space, it also uses one less Data Systems Design, Inc.
Q-bus slot than DEC’s RX01. 3130 Coronado Drive,
Santa Clara, CA 95051
(408) 249-9353
TWX 910-338-0249

Data Systems has combined
interface, formatter, con-
troller, and hardware
bootstrap on this single
dual-wide card. Available
separately in OEM quantities.
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Beauty More
than Skin Deep.

You might agree that our new RS/RT Series of
single and triple output switchers are nicely
packaged. The real beauty, however, of these
high-performance supplies lies under their
covers. Designed for high-reliability applica-
tions, they consist of three separate function
sub-modules. An input board, converter board
and an output board are joined by a mother strip
to eliminate all interconnecting harnessing.

Utilizing the latest technology, the switchers
feature soft-start; LS| circuit modulator chip;
low ESR capacitors for reduced ripple and
noise; and an impressive 40 MSEC minimum
holdover storage capability. To make sure that
they keep on performing way past their 5-year
warranty, we subject every unit to a rigorous
testing program: 100% component screening;
numerous in-process electrical inspections;
each module is functionally tested; the com-
plete unit is burned-in for 48 hours at 50°C,
and the supply is then computer tested to all
its performance specifications.

Output Converter Input

Module Module Module

Our new Sub-

Complete steel
EMI enclosure

High power,
High reliability
switching
Transistors

LSI Control
(low parts count)

High frequency
shielded power
magnetics v
(low radiation) g -

Low ESR
output
Capacitors

2 section
output Filter
(low ripple)

Control
barrier
strip

(Remote sense,
inhibit, margin)

acdce ele

401 Jones Road, Oceanside, Califo
211 West Clay Avenue, Roselle Park, Nev
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sdular Switcher

Computerized
Quality Assurance

Soft start
Thermistor
(low line inrush)

Extra large
Computer grade
storage Capacitors
(high reliability
holdover time)

115 VAC/230 VAC
changeover

EMI Filter
(VDE 0875N)

Interconnecting strip
(no wire harness)

clronics

nia 92054 Telephone: (714)757-1880
Jersey 07204 Telephone: (201)241-6077

You receive a copy of this test report as a
print-out with every RS/RT supply we deliver!
Your assurance that once you've installed one
into your system, it’ll keep on working.

A 12-page brochure gives complete details in-
cluding how the series meets the stringent
VDE requirements for EMI. Send for it now.

Modeils

RS Series - Single Output

OUTPUT CHARACTERISTICS

CS‘I\gEE VOLTAGE (ADJUSTABLE *5%) (,_?g:;‘csé)
5V | 12v | 15V | 24V $

M5 MAX. CURRENT AMPS| 10.0 4.5 3.6 25 225

M10 [ MAX. CURRENT AMPS| 20.0 9.0 7.2 5.0 259

M15 | MAX. CURRENT AMPS| 30.0| 13.5| 10.8 7.0 279

M30 | MAX. CURRENT AMPS| 60.0 | 27.0 | 21.0 | 13.0 395

RT Series - Triple Output

OUTPUT CHARACTERISTICS

Cé,I\ZSEE VOLTAGE (ADJUSTABLE +5%) (Eg:qcsé)
5V/I12VI12V | 5V/15VI15V $
T10 | MAX. CURRENT AMPS 207212 20/2/2 375
T15 | MAX. CURRENT AMPS 30/5/2 30/4/2 415
T30 | MAX. CURRENT AMPS 60/5/5 60/414 525

*Ask About Quantity Discounts
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COMMUNICATION CHANNEL

INFORMATION SYSTEMS REVIEW—

AND EPILOGUE

John E. Buckley

Telecommunications Management Corporation
Cornwells Heights, Pennsylvania

In this month’s “Communication Channel” is the last in
a series of monthly columns that it has been my pleasure
to write for Computer Design. Since the January 1970
issue 1 have been able to explore and discuss many of
the technologies, applications, and developments of data
communications systems through this column.

After nine years of commenting on this dramatic period
in the evolution of information systems, I have made the
decision to “retire” as an author for “Communication
Channel.” Appropriately then, this last column reviews
developments that we have experienced during this time.
I am also taking this opportunity to express acknowledge-
ment and appreciation for the courtesies and cooperation
that have been provided me by the staff of Computer
Design magazine over these years. Most importantly, I
want to take this opportunity to bid farewell to my read-
ership. I have had the pleasure of personally meeting
many of you in the course of business activities. Such en-
counters have reinforced my basic conviction that this
column has made a positive contribution to the advance-
ment of this technology and its applications.

During these nine years, advancements and develop-
ments relative to information systems have been signifi-
cant. With respect to data transmission rates, the maximum
practical limit in 1970 was generally accepted as 2000
bits/s for the switched telephone network and, with cau-
tion, 4800 bits/s for a conditioned leased channel. Any
references to 7200 bits/s or 9600 bits/s were consid-
ered to be in a pioneer category. Today, 9600 bits/s

14

is not only recognized as a reliable leased channel data
rate but is considered practical for the switched telephone
network under certain controlled circumstances.

Cost of modems (modulating-demodulating equipment)
has been significantly reduced due to the application of
new component technology. The typical asynchronous
modem operating at 1200 bits/s in 1970 carried a pur-
chase price of $1500 to $2000. Today, this same type of
data set can be purchased for less than $1000, with some
models as low as $500.

Remote data communication terminals at the beginning
of this decade were primarily batch transmission ter-
minals, operated under control of a central processor
for ryE applications. A few such terminals were avail-
able with a new concept called a minicomputer as an
integral part of the terminal. Such ryE or batch trans-
mission terminals typically demanded a purchase price
of over $25,000 with the majority of the programming
control still being resident in the central processor.

Interactive terminals were available as either teletype-
writer printing devices or crr display devices. In both
cases, these historic interactive terminals lacked significant
flexibility in application or operation. Limited switch
settings or internal wiring changes were the typical means
of providing some application adaptability. With such
primitive terminals, it was obvious that all processing and
control decisions had to be resident in a centralized
processing complex. Major interactive terminal differences
were whether the terminal was buffered (crt only) and
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Our new line of 80-column, dot-matrix line printers to 9600 BAUD; Current Loop; or Parallel-
- the Anadex DP-8000 Series - combines high Bit, Serial Character.
performance and operating convenience with a price that’s

causing OEM's to take a closer look. Precise positioning of single or

multiple-part paper is ensured by
sprocket-feed paper advance, user-

Looking for Performance? programmable Top of Form Control,
All models feature a precision engineered, continuous and up to 8 Vertical Tabs.
duty printer mechanism that can print the complete ; i n
96 ASCII character set, bi-directionally, at 84 LPM actual Looking for Convenience? _
throughout. And three lines of internal FIFO buffer storage ~ Foroperating ease, the DP-8000 Series
(optionally, 2K character FIFO buffer for CRT dump, etc.) accepts paper through the rear or
allow faster external system operation. bottom of the unit, provides programmable
Skip Over Perforation control, and Out

A 9 x 7 character font provides virtually half-dot resolution of Paper indication and signal.
for superior print quality. i

For flexible interfacing, the Looking for Low Cost?

DP-8000 is available with three The best news is the price. A complete

standard interfaces: EIA-RS232C, DP-8000, including case, is priced under

°
Prlnrer with selectable BAUD rates up $600 in OEM quantities.

Once you've examined the specifica-
tions and seen the printer in operation,

®
Price/ Performance :iitizaiiis
Performance never looked better.”
For complete details, contact DP-8000 Marketing Dept.;
never OO e Anadex, Inc.; 9825 DeSotc Ave.; Chatsworth, CA 91311;

Phone (213) 998-8010; TWX 910-494-2761.

better. /Anna e
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The easy-to-use, BASIC, scientific
and engineering computer you buy on

a calculator budget.

MINC does everything a desk-top calcu-
lator does and a lot more.
For about the same price you'd pay for
a minimal desk-top calculator, you can
buy MINC, the easy-to-use, complete
computer system. MINC comes with
ready-to-run graphic, scientific and
laboratory programs. This Digital
system has its own graphics terminal, built-in 1111
interface, one million character dual floppies, and three
serial-line interfaces —all in a cart that you can wheel from job to job,
Plug MINC in, turn it on, and you can plot charts, solve complex
engineering and statistical problems, control instruments and
acquire data. It's all BASIC to MINC.

Mrm
é' f(({(ff(ff
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And, if you want to go beyond
BASIC, you can. You can add
FORTRAN and other high-level
languages. You can add specialized
input/output modules.

More system. More functionality.
But, not more money.

For more information or a MINC demonstration, contact your
local Digital Sales Office or Jack Kay, MINC Product Manager,
Laboratory Data Products Group, Digital Equipment Corporation,
Marlborough, Massachusetts 01752. Telephone (617) 481-9511,

Ext. 6969. European headquarters: 12, av. des m ﬂgﬂnan

Morgines, 1213 Petit-Lancy/Geneva. Tel: 93 33 11.
[n Canada: Digital Equipment of Canada, Ltd.
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Advanced Microcomputer Development System

uP uP and away

Futuredata introduces
the development system
that sets you free.

This newest

development in

development systems sets you free to
cope with the expanding world of
uP-based product design. Free to design
with the 8086, 8085, 8080, 6800, 6802
or Z-80 and free to add many other
processors soon. T his system puts
universal hardware and software
development capabilities at your
fingertips: real-time in-circuit emulation
to 5 MHz, real-time 48-channel logic
analyzer, up to 2 megabytes of disk
memory, and every software aid,
including high level language compilers,

CIRCLE 12 ON INOUIRY CARD

relocating macro-assemblers and
disassembling symbolic debuggers.
CPU, CRT and keyboard are all neatly
integrated in one compact, mobile
station to liberate more of your bench
space. It’s the universal, compact,
state-of-the-art AMDS — Advanced
Microcomputer Development System.
Futuredata, 11205 S. La Cienega Blvd.,
Los Angeles, CA 90045. (213) 641-7700
TWX: 910-328-7202.

(futuredata)




therefore would permit some local screen editing, or
whether the terminal had a direct keyboard entry so that
the terminal’s output device (printer or display) was
merely a monitor of the data exchange with the central
computer center.

Today’s interactive terminals are, in many cases, com-
plete programmable processing elements with the appli-
cation of the microprocessor and semiconductor memory
elements (RAM, P/ROM, EPROM, etc). In most interactive
applications, data control and data manipulation is per-
formed totally by the interactive terminal with the central
processor being involved only with exception or conclu-
sion data. This transfer to distributive processing has not
only improved the processing efficiency of the central
processor but also reduced the data transmission volume.
Since actual data exchange now takes place on an ex-
ception and scheduled basis, the sensitivity of the ap-
plication to transient communications channel permuta-
tions has been significantly reduced.

In the area of data memories, the traditional magnetic
core arrays or early semiconductor memories have sig-
nificantly evolved. This memory evolution, coupled with
the advent of the microprocessor, has had the most pro-
found influence in reshaping the concepts of information
processing systems. Low cost data storage has moved
from traditional serial data media such as magnetic tape
to the low cost random memories of the floppy disk. Those
who can clearly remember the application concepts of
1970 will recall that the punched card was still king.
Today a punched card is viewed with reverent interest as
one would normally consider other evidences of our an-
tiquity.

Data network options have also emerged as one of the
most significant developments of this period, eg, packet
switching, digital transmission as well as the alternative
analog channels from the specialized communications
common carriers. The future growth and development of
information systems will be heavily influenced during the
remainder of this century by these new data network
services. The trend in data networks is toward a total
digital environment, providing the information system
user a communications medium compatible with the signal
characteristics of digital processing. The future of modu-
lating-demodulating equipment required for the traditional
analog transmission channels can be expected to diminish
in future information systems. In this same context, we
have witnessed the commercialization of satellite-derived
channels. These facilities have not only contributed to the
lower cost of communications but have improved inherent
data transmission reliability by orders of magnitude. The
1980s promise a considerably wider use of these satellite-
derived facilities on a domestic scale. Such facilities will
typically be offered as digital transmission channels with
respect to the end user’s interface.

Two of the most significant developments of the 1970s
have been the maturation of the communications regula-
tory attitude and the application of microprocessor tech-
nology. These occurrences were only in their embryonic
state as of January 1970. Today, they exert the greatest
influence on advancements being experienced as well as
anticipated in the evolution of information system appli-
cations. In January 1970, the landmark decision of the
Fcc in the Carterfone case was slightly more than one
year old. Most participants in the telecommunications in-
dustries could only speculate on the ultimate ramifications
of that decree. The traditional communications common
carriers were bemoaning the ultimate collapse of the pub-
lic telecommunications system due to this permitted in-
trusion of destructive products and practices by unscrupu-
lous and uninformed private sources. At the other extreme

of this emotional spectrum, technically liberal advocates
were acclaiming the dawn of new application freedoms
and the elimination of utility suppression.

Over the past nine years we have fortunately seen the
emergence of responsible practices from these joint users
of the public telecommunications system. The introduction
of responsible competition in both the equipment and
facility domains has resulted in better values in com-
munications services and products being available to the
information system user community. Today, there are
still vestiges of the old animosities. These prejudices will
fade from practice as the regulatory philosophy continues
to change from directing to guiding the telecommunica-
tions industries. The 1970s can be characterized as a con-
tainment of the large communications utilities while
emerging competitive entities gained viable positions. The
next decade will tend to evidence a liberalization of the
restrictions that are presently imposed on the larger utili-
ties, such as the aAt&T Consent Decree.

In the technological arena, the advent of the micro-
processor and its peripheral technologies has achieved
the economic objectives necessary to permit the realiza-
tion of truly distributive information. The majority of the
older information systems were actually manifestations of
design compromises. Traditional costs of computational
and data storage capabilities relegated these functions to
larger processing environments. In a number of applica-
tions, these constraints were accepted as absolutes with
no encouragement to re-analyze basic design premises.
Microprocessor concepts have stimulated a total re-exam-
ination of these previously accepted absolutes. The results
can be seen throughout today’s information systems and
will continue to provide lower cost and more adaptive
telecommunications equipment and systems.

My contributions to “Communication Channel” have
been made during this period of evolution and advance-
ment. At its inception a majority of data processing per-
sonnel had little awareness or understanding of data com-
munications. Today, virtually every computer system has
a telecommunications aspect, and its associated personnel
have at least a comfortable conversational understanding
of the physics and applications of data communications.
During these dynamic nine years the user community has
matured as well as the technology. I trust that “Communi-
cation Channel” had at least a small part in contributing
to this maturity.

I have always adhered to the philosophy that the basic
laws of physics do not change. There are certain absolute
relationships among the principles involved in data com-
munications. For example, the signal propagation time on
a satellite channel is longer than that on a terrestrial chan-
nel because of the speed of light. This relationship will
remain valid until the speed of light is changed. There-
fore a thorough understanding of the applicable physics
of a data communications aspect will always provide the
ability to properly evaluate that aspect. The only major
difficulty is in maintaining a current glossary and/or syl-
labus of the terms and colloquialisms that manufacturers
continually apply to the same basic concepts and tech-
niques. We are now entering an era in which applica-
tions will dominate. The necessary innovative develop-
ments have occurred during the 1970s. A basic under-
standing of the physical principles involved will enable
anyone to effectively evolve with this technology.

It is with a twinge of nostalgia that I conclude nine
years of unidirectional conversation with my unseen read-
ers. Many thanks and best wishes to my friends at Com-
puter Design and most importantly, best wishes and suc-
cess to each of you during this holiday season and during
the infinite seasons to come.
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To compare productivity in LSI board testers, take

their three common operations: diagnosing, testing, and
programming. Now, to each operation apply the basic
measures of productivity: cost, throughput, and quality
of testing.

1. The L135 finds bad LSI devices

on long buses.

The Electronic Knife does it. It takes just a few more
probes after regular guided probing finds the failing bus.
Without the Electronic Knife, you're faced with trial and
error replacement of LSI chips. Or skilled technicians
tying up the system for an hour or more per bad IC.

TWELVE REASONS
WHY THE LI35 IS THE
MOST PRODUCTIVE

LS| BOARD TEST SYSTEM
YOU CAN OWN.

e

2. The L135 makes fewer diagnostic
probes — by an order of magnitude.

State-sensitive trace does it. Most LSI boards are loaded
with multi-input LSI chips linked through “wired-and”
bidirectional buses. These often require hundreds of
diagnostic probes per fault. State-sensitive trace cuts the
number dramatically.

3. The L135 produces immediate

probe commands.

The on-line circuit model with a large random-access
memory does it. With circuit structure immediately
accessible, the operator does not wait for commands
between probes. Other test systems that use fault dic-
tionaries often delay each command several seconds,
adding minutes to each diagnosis.

4. The L135 mechanizes probing.

The M 150 Automatic Prober does it. Seven to ten times

faster than a human operator, the M150 speeds up board
diagnosis even more because its operation is both error-
free and fatigue-free.
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The L135 delivers the highest quality of
testing, thereby slashing costs for diagnosis
later at systems test and service out in the field.

5. The L135 emulates LSI-board

operating environments.

5-MHz clock-vate testing does it. To ensure adequate
board quality, you usually have to run LSI boards at clock
rates as the last step in testing. Only the L135 provides
test rates of up to 5-MHz, the speed of many microproc-
essors seen in today’s products.

6. The L135 emulates and tests

CPU sets.

Multiple drive/compare phase control does it. During
clock-rate testing, the test system must first replace the
CPU set and then test it at speed. The associated micro-
processors usually receive multi-phase inputs and gener-
ate multi-phase outputs. The L.135 provides the neces-
sary, easy-to-program, precise phase controls over
driver inputs and comparator strobing.

7. The L135 tests and diagnoses

analog circuits.

Integrated ac-dc-parametric capability does if. The L135
offers many analog force-and-measure functions through
matrix connections, all completely integrated into system
hardware and software. If these capabilities aren’t inte-
grated into the test system, they must often be added to

accommodate the increasing analog content of LSI boards.

That prolongs test time and slows diagnosis considerably.

8. The L135 tests at dc and clock-rate

on the same channel.

All-speed pin compatibility does it. In clock-rate testing,
high-speed tests are usually applied on the same pins
tested earlier with dc. The L135 allows you to apply both
types of tests at the same system channel, eliminating
the need for awkward switching or extra channel capacity.

9. The L135 has enough clock-rate

channel capacity for the big jobs.

444 1/0 pins does it. Big LSI boards have upwards of
250 edge-connector pins, all active. In addition, you need
simultaneous access to dozens of internal test points and
devices invisible to the edge connector. The L135 offers
the highest clock-rate channel capacity, enough for all
foreseeable LSI boards.

10. The L135 cuts total
programming time.

The P400 Automatic Test Generation System does it.
The P400 automatically generates all the dc patterns and
diagnostic data for the toughest part of most LSI boards:
the jungle of random digital logic, as well as those por-
tions containing modeled LSI devices. Total program-
ming time is shorter. The best of the so-called “auto-
mated test generation” techniques offered by other
systems still require manual pattern-writing. That takes
longer and costs much more.

The L135 cuts the time needed
to get products into the production line and
out to the market place.

11. The L135 cuts system time
for debugging.

Immediate-response debug software does it. During test-
plan debugging, the L135 responds to the test engineer’s
commands and displays results immediately. Total
debugging time is cut to a fraction because the test
engineer is not distracted by system delays; he can con-
centrate on his circuit and his test plan.

12. The L135 readily assembles
the many parts of LS| test plans.

Structure-merge programming does it. Test plans origi-
nate in many places: manual patterns and circuit models,
learned data from known good boards, circuit and device
simulators, automatic pattern generators, etc. The
L135’s structure-merge software and its straightforward
protocol assembles them all into a coherent package,
saving your engineers hours of tedious and costly work.

For more information on these and other L135 features,
write Teradyne, Inc., 183 Essex Street, Boston,
Massachusetts 02111

) ERADYNE;
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[ coMmmunicAaTION cHANNEL |

Single-Board Intelligent Controller Performs Communications Tasks

Intelligent communications controller
isBC544™, combining microcomputer,
memory, and multichannel capabili-
ties, is a complete 8-bit computer sys-
tem assembled on a 6.75 x 12" (17.1
x 30.5-em) pc board. murLTIBUS™
compatible, it contains 4 program-
mable synchronous/asynchronous se-
rial 1/0 channels, 8085A micropro-
cessor, 16k-byte dual-port dynamic
read/write memory, sockets for up to
8k-bytes of rom, 10 programmable
parallel 1/0 lines compatible with the
Bell 801 automatic calling unit (Acu),
4 programmable baud rate generators,
3 independent programmable interval
timers/counters, 12 levels program-
mable interrupt control, and extended

system bus addressing for access in
partitioning a 1M-byte address space.
Developed by Intel Corp, 3065
Bowers Ave, Santa Clara, ca 95051,
the board can operate either as a
standalone communications computer
or as an intelligent slave to addi-
tional sBcs.

In the standalone configuration, the
unit can be programmed as an intelli-
gent controller for a group of “dumb”
terminals and provide data link con-
trol and data buffering to each termi-
nal. In addition, it can handle code
conversions and interterminal proto-
cols. Memory and 1/0 can be ex-
panded and functions added using
compatible expansion boards.

As an intelligent slave, onboard
processing and dual-port memory
capabilities allow the unit to offload
communications-related tasks from the
master processor and locally control
them without accessing the system
bus. Such operations include serial
data accumulation, error checking,
and protocol management.

With the isBc 544, equipment man-
ufacturers can dedicate communica-
tions tasks, usually requiring subsys-
tems containing several conventional
logic boards, to a single-board intelli-
gent controller. Applications range
from communications functions such
as concentrators and message switches
to terminal and industrial controllers.

CENTRAL COMPUTER

SERIAL 1/0

8 INTERRUPTS
RECEIVER READY
TRANSMITTER READY ~ CARRIER DETECT

| FLAG INTERRUPT
POWER FAIL INTERRUPT
MULTIBUS INTERRUPT

2 PROGRAMMABLE
TIMER INTERRUPTS

SERIAL 170

E i

8 INTERRUPTS
RING INDICATOR

iSBC 544 architecture. Controller is functionally partitioned into three major sections—I/O, central
computer, and shared dual-port memory. I/0 hardware centers around four 8251A USARTs for fully pro-
grammable serial interfacing, with individually programmable baud rates for each USART channel. Paral-
lel 1/0 port is buffered by RS-232-C drivers and receivers,
equivalent. 8-bit n-channel 8085A CPU provides processing capability for central computer functions.
Minimum execution time is 1.45 us. Dual-port 16k-byte RAM provides interface between onboard CPU
and offboard bus masters. CPU and bus masters share common block of dynamic RAM, allowing data
to be transmitted between them

directly compatible with Be!l 801 ACU or

PARALLEL 1/0
i
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DSC-80 high performance features.

s 5080 ;mu assor card, (Interrupts, real-time clock,
four RS-232 ;mrl interface to disk controller.)

¢ High speed DMA disk controller, multi density

k]
g (IBM 3740 or double density — 571K bytes/diskette.)
e Two Shugart 800 floppy disk drives, 1.14 Mbytes

The DSC-80 from DIGITAL MICROSYSTEMS, (Controller will handle 8 drives.)

an SBC-80 compatible computer with double 32K or 64K (+ $500) RAM memory card

density, floppy disk drives, can save you Up to 27.4 Mbytes of disk storage

money. Five slot motherboard (room for 3 wirewrap cards)
CBASIC, FORTRAN, PASCAL and COBOL avallable
CP/M™ and BASIC-E included

I'M Digital Research

The company that was first to deliver double
density will deliver your DSC-80 in two weeks —
at a price that can save you money:

$4264° 32k system) Digital Microsysten's

*OEM Qty. 25 price. Qty. 1 price; $56865. 4448 Piedmont Ave., Oakland, CA 94611
(Substantial OEM discounts available.) (415) 658-8650
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Now you have reliability that won’t melt away.

Motorola’s new, ICEMAN switch-
ing power supplies offer simple,
efficient, protected performance.

Just like our line of ICEMAN linear
supplies, long-term reliability in a
switcher begins with how it's made.

Fewer components mean fewer
connections, less wiring, reduced
failure points and modes.

That was our design goal . . . to
make a switcher so simple, so
reliable, it would unquestionably be
the outstanding example of high-
quality, state-of-the-art design.

By actual count, this Motorola
PSN1801 switcher contains only 143
electrical parts—about 25% less
than the nearest comparable. It

employs only 22 wires . . . others
have 200 or more. It uses just one
connector. Some use as many as 20.

Two boards and MTBF.

There’s more protective circuitry,
in less space, in a Motorola ICEMAN
switcher than anyone else offers.
»_Just two circuit boards do it all.
The control board measures

only 24" square and
N contains the latest

400 W, PSN1801, Single-Output
ICEMAN Switching Power Supply

multiple-function ICs in place of
dozens of discrete parts. The board
furnishes remote turn-on/turn-off,
overcurrent and short-circuit
protection, soft-start to limit over-
shoot voltage, automatic reset of
OVP, primary current limit and
capacitor bleed-off circuits.

The 18" square main output board
combines OVP, soft-start for inrush
current limiting and all output
supply components.

ICEMAN switchers are head-and-
shoulders above others in shrugging
off faults, transients and fatigue.

ICEMAN keeps his cool.

All the way through. Longer. More
efficiently.

Our conservative guardbanding
and hefty heat sinking provide
unequalled efficiency.

Four paralleled, 60 A, high-
temperature Switchmode* Schottkys,
with a maximum of 120 A capability,
are used to achieve the 5V, 80 A
output. In other words, they're run
at just 67% of total capability. And
the Schottkys and the low-sat, high-
speed Switchmode power transistors
run at no more than 65% and 60%,
respectively, of maximum rated
junction temperatures, minimizing
thermal stress.

The heat sinking is up to 100%
thicker than others ensuring even
thermal gradients with all the heat
quickly going where it's supposed
to go . .. out. We've even special-
wound the transformer to cut losses.
Specifications

PSN1801, 5 v/80 A
PSD1802, 5 v/60 A, 12 V/8 A
PST1803,5V/60 A, 12V/4 A, 12V/4 A

Input. 90-130 Vac/180-260 Vac (Select-
able), 45-440 Hz Single Phase

Output. Floating, isolated from each
other and from ground, 600 Vdc max
Regulation. Line: £t0.1% Output, for
90-130 or 180-260 Vac. Load: +0.1%
Output, no load to full load

Ripple and Noise. Less than 10mV RMS,
50 mV p-p, as measured. with 50 MHz
scope

Temp. Coefficient. Less than 0.2%/°C
Switching Frequency. 25 kHz (Pulse
width modulated)

Transient Response. 500 u s to within
1% after a 25% load change at 5 A/ us,
main output

The standard warranty period for all Motorola linear and switching
power supplies is 1 year.

——

Whatever temperature you run an
ICEMAN at, your pedal won’t be to
the metal.

82% B

TRIPLE OUTPUT
EFFICIENCY

SINGLE OUTPUT
EFFICIENCY

Motorola switchers are designed
to meet not only our own high
standards but those who set the
industry’s: VDE 0875/7.71 Curve N
and all FCC requirements for EMI
plus UL standards for electronic
data processing equipment.

You also get minimum 30 ms
hold-up time so the regulated 5 V
supply is retained after interruption
under full load.

Cost is cool, too.

Go to any other source for a design
of this kind and you’ll probably pay
substantially more. But Motorola
switchers are priced right on the
button with units of /lesser wattage
and quality so you know an
ICEMAN saves you cold, hard cash
right from the start.

Prices for the three models range
from $495 to $625, 1 to 9 quantity.

Contact Motorola Subsystem
Products, P.O. Box 20912, Phoenix,
AZ 85036, (602) 244-3103 or your
authorized Subsystem distributor or
representative for more information.

ICEMAN.
Quality delivered.

*Trademark of Motorola Inc.

MOTOROLA INC.
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Network Processor
Handles Asynchronous
Data Streams

6010 intelligent network processor pro-
vides data management functions at
nodes of communication network. Stan-
dard hardware includes processor/con-
troller, nest to accommodate 30 port
channels, and high speed interface

Dual microprocessor based 6010 In-
telligent Network Processor™ (ine)
combines information from up to 30
asynchronous devices using statistical
concentration techniques, thereby re-
ducing requirements for multiple lines
and associated data communications
equipment. It is the latest addition to
the 6000 series inps from Codex Corp,
20 Cabot Blvd, Mansfield, ma 02048.
The 6010 may be used with a variety
of terminal types in either dedicated
or dial-up arrangement at standard
data rates up to 1200 bits/s, with
high speed line rates up to 9600
bits/s. ccrrr x.25 level 2 compatible
full-duplex link protocol provides error
protection, and online diagnostic rou-
tines are executed as a background
function. The unit has the capability
for centralized network control and
monitoring from either end of a 6010
link. Information col'ected related to
system performance includes terminal
char error rate, trunk error rate, free
buffers (available data storage), and
traffic density. rs-232-C, current loop,
and MIL-sTD-188C terminal port mod-
ules are available. The unit is ap-
plicable in point-to-point networks, as
a feeder to a 6030/6040 network, or
directly attached to a sinele port on
a communications frontend processor.
Circle 401 on Inquiry Card

Interactive Communication
System Improves Plant
Productivity

Interactive terminal based 3630 plant
communication system is a family of

26

cessing system via SNA

Simplified 3630 system loop communications configuration. Both
local and remote system terminals may be attached. Two local
9600-bit/s loops up to 2 mi long are available. Terminals more
than 2 mi away use 3842 loop control unit and teleprocessing
facilities for attachment. These loops are available for connecting
to either 8100 or 3630 system controller. When supported by 8100,
plant system can be incorporated into broad based data pro-

data input and output devices de-
signed for operation in industrial en-
vironments. Supported by the 8100
Information System® and by System/
370 Processors, it collects such cur-
rent data as material movement, status
of work in progress, and employee ac-
tivity, and distributes it to wherever
it is needed. The plant system’s 3640-
series terminals, supported by the
8100, can also be programmed to in-
termix with general purpose terminals
for distributed processing functions.
The system, introduced on a limited
basis during the past year by mm
Corp, 1133 Westchester Ave, White
Plains, Ny 10604, is now generally
available,

System 3630 includes the following
devices: 3631 and 3632 program-
mable controllers, to coordinate com-
munications between system terminals
and 8100 or System/370 processors;
models 1 and 2, 3641 reporting ter-
minal, work stations having 22-char
alphanumeric display and 35-key nu-
meric or 70-key alphanumeric key-
boards respectively; models 1 and 2,
3642 mag stripe encoder-printers;
3643 interactive keyboard, gas-panel
display terminals, (models 2, 3, and
4) with 240-, 480-, and 1024-char
displays respectively; 3644 automatic

data unit, acquisition and distribution
device combining analog and digital
1/o capabilities; 3645 document
printer; 3646 scanner control unit, a
work station terminal that can accom-
modate up to 4 mag readers; and
both handheld mag scanners and slot
readers.

Circle 402 on Inquiry Card

Key Management Devices
Expand Data Encryption
Capabilities

A key generator and key loader have
been added to the Info-guard™ series
of data security products by Motorola,
Government Electronics Div, 8201 E
McDowell Rd, Scottsdale, az 85252.
DES4100kcM key generator randomly
generates, stores, and provides op-
erator control over keys used to en-
crypt computer information without
human knowledge of the keys. Each
protected line in an encrypted data
communications network has an as-
sociated unit number and address
under which encrypted keys are stored
in the generator’s nonvolatile memory.

*Comruter Design, Dec 1978, p 42, 47
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Flicker-free
and
ultrahigh
resolution
color TV
displays...

You can have your choice with
the Model 374.

1024 x 512 pixel graphics
displayed at a non-flicker,
60-Hz refresh rate. Ideal for the
display of computer graphics.

(1)
1024 x 1024 ultrahigh resolution
pixel graphics displayed at a
30-Hz rate using 2:1 interlace.
Video bandwidth in excess of
30 MHz assures that resolution
is not electronically limited.

Write or call Dick Holmes for a

Model 374 descriptive brochure.

Electronic Image Systems

Division of Systems Research Laboratories, Inc.

2800 Indian Ripple Road e Dayton, Ohio 45440

Phone 513/426-6000 » TWX 810/450-8621
CIRCLE 16 ON INQUIRY CARD
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An operator designates from a key
pad which keys shall be generated for
which units, but not the keys them-
selves. These are produced by the
generator, stored in its own control
memory, and are inaccessible to the
outside.

pEs4100kLMm key loader is a port-
able, handheld intelligent micro-
processor based unit capable of storing
32 different keys (256 optional). It
is electro-optically interfaced to the
key generator and network security
module (nNsMm) via a phototransistor
and LED. After keys are loaded into
the unit, it is then used to load key
data into the appropriate local or re-
mote Nsms, where, through another
optical interface, it will transfer new
key information. Tampering with key
loader or interfacing it to an unau-
thorized nsm will activate switches
cutting off power and destroying all
keys within the loader.

All Info-guard products use the NBs
data encryption standard algorithm,
which is public. Therefore security
lies in the keys and key management,
and not in the secrecy of the algo-
rithm.

Circle 403 on Inquiry Card

Software System Aids
Volume Transaction
Processing

TRAN-PRO  (transaction processing)
system is a software package designed
to facilitate the development of online
communications networks in applica-
tions where a large number of trans-
actions must be handled. It supports
over 200 online terminals, can process
more than 10,000 transactions/h, and
allows the application programmer
with little or no communications ex-
perience to become a productive on-
line programmer, according to NCR
Corp, Davton, oH 45479.

Intended for oneration with either
8000 Criterion or Century series com-
puters. the software can function in
a multiprogramming environment. It
works with the Totar data base man-
agement system, allowing user’s data
to be organized into an integrated
comprehensive data base and easing
the implementation of online svstems.
Company snokesmen say that the sys-
tem can significantly reduce the cost
of online svstem develooment by per-
forming editing, formatting, and trans-
action Jogging functions, as well as by
providing user security.

Circle 404 on Inquiry Card

... from these authorized Motorola
distributors and representatives.
Contact them about any Motorola
linear or switching power supply for
MPU and other logic-related
applications. Or call Motorola
Subsystem Products, (602) 244-3103.

Manufacturers’ Representatives
Austin « P.J. Scanlon Co., Inc. ..... (512) 863-2319
Baltimore/

Washington « Coulbourn DeGreif, Inc. (301) 247-4646
Boston « New England Tech. Sales . (617) 272-0434

Cedar Rapids « Dy-Tronix, Inc. ..... (319) 377-8275
Chicago « Sumerinc. .............. (312) 991-8500
Cleveland « McFadden Sales ....... (216) 381-8070
Columbus « McFadden Sales ...... (614) 459-1280
Dallas « P.J. Scanlon Co., Inc. ..... (214) 231-4661
Dayton « McFadden Sales ........ (614) 877-9934
Denver « Thorson Company ....... (303) 759-0809

Detroit « McFadden Sales .......... (313) 681-7540
Ft. Wayne « McFadden Sales .. (219) 485-2526
Houston « P.J. Scanlon Co., Inc. ... (713) 496-1170
Huntsville « Macro-Marketing Assoc. (205) 883-9630
Indianapolis « McFadden Sales ..... (317) 896-5070

Kansas City » Dy-Tronix, Inc. ...... (816) 373-6600
Los Angeles « Ed Landa Company . (213) 879-0770
Milwaukee « Sumer Inc. ........... (414) 259-9060
Minneapolis « Comstrand, Inc. ..... (612) 788-9234
New York « HLM Associates ....... (516) 757-1606
New Jersey « HLM Associates ..... (201) 263-1535

Philadelphia « TAl Corp
Phoenix « Summit Sales
Rochester « T-Squared .
Salt Lake « Anderson Associates ...

(215) 627-6615
. (602) 994-4587
(716) 924-9101
(801) 292-8991

San Francisco = QuadRep Inc . (408) 733-7300
St. Louis « Dy-Tronix, Inc .. (314) 731-5799
St. Petersburg « Tech-Rep .. ... (813) 577-2779
Syracuse « T-Squared ............. (315) 463-8592
Winston-Salem « Macro Marketing . (919) 768-8740
Distributors

Baltimore « Pioneer/Washington ... (301) 948-0710
Boston « Cramer Electronics, Inc. .. (617) 969-7700

(

Chicago « Newark Electronics . (312) 638-4411
Cleveland « Pioneer/Standard Inc. .. (216) 587-3600
Columbia « Dixie Electronics Inc. .. (803) 779-5332

Dallas » Hall-Mark Electronics Corp. (214) 234-7400

Dayton « Pioneer-Standard Inc. .... (513) 236-9900
Denver « Elmar Electronics ........ (303) 287-9611
Detroit « Pioneer-Standard Inc. . (313) 525-1800

Houston « Sterling Electronics ..... (713) 627-9800
Huntsville « Hall-Mark Electronics .. (205) 837-8700
Indianapolis « Pioneer-Standard Inc. (317) 849-7300
Kansas City, MO « LCOMP KC ..... (816) 221-2400
Los Angeles « Liberty Electronics .. (213) 986-6850
Minneapolis « Cramer/Minnesota ... (612) 835-7811
New York « Harrison Radio,Corp . (516) 293-7979
New York « Schweber Electronics .. (516) 334-7474
Orlando « Hall-Mark Electronics .... (305) 855-4020
Philadelphia « Philadelphia Elec., Inc. (215) 568-7400
Phoenix « Liberty Electronics ...... (602) 249-2232
Pittsburgh « Pioneer-Standard Inc (412) 782-2300
Rochester » Cramer/Rochester ..... (716) 275-0300
St. Louis « LCOMP St. Louis, Inc (314) 291-6200
San Diego « Liberty Electronics .... (714) 565-9171
(
(

San Francisco « Elmar Electronics 415) 961-3611
Seattle « AlImac/Stroum Electronics 206) 763-2300
Syracuse « Cramer/Syracuse . (315) 437-6671

MOTOROLA INC.
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Equipment Approved for
Direct Connection to
Telephone Network

The Federal Communications Com-
mission has granted a complete “fully
protected” and “grandfathered” status
(“Certification Update,” Computer
Design, July 1978, pp 12-14) to the
D1200 family of pBx (public branch
exchange) systems from Digital Tele-
phone Systems, Inc, po Box 1188,
Novato, ca 94947. The decision
means that nationwide interconnect
without interface couplers of past and
present D1200 installations is ap-
proved as being harmless to the pub-
lic telephone network. The company,
a division of Farinon, Inc, of San
Mateo, Calif, had already received
similar aporoval from the California
Public Utilities Commission.

Another company granted this cer-
tification after meeting requirements
in compliance with the newly enacted
rcc Rules Regulations, under the
terms of the Third Report and Order
in Docket 19528, is T-Bar Inc, 141
Danbury Rd, Wilton, ct 06897, man-
ufacturer of online switching and con-
trol equipment for data communica-
tions applications. Included in the
certification are the comvany’s 5700
series analog switches which allow
users to switch to backun circuits or
to substitute alternate pieces of data
communications equipment as faults
occur or as tasks change.

Expansion Planned for
Satellite Communications
Data Network

A third earth station, located at Salt
Lake City, Utah, will be added to its
satellite communications network by
Sperry Univac, po Box 500, Blue Bell,
PA 19422, in order to allow a more
effective evaluation of network param-
eters. At the present time two earth
stations, one at Blue Bell and the
other at Roseville, Minn are being
used for 2-way data communications
via satellite. This is said to be the
first such commercially licensed link
using all-digital two-way transmission
in C band (3.9 to 6.2 GHz with 5-m
dia antennas.

Many areas of the company’s de-
velopment and manufacturing opera-
tions avail themselves of these data
communications links. Large-scale
1100 series systems in Roseville and

28

SATELLITE

NON-TELCON APPLICATIONS
e TECH TV CONFERENCING
e HIGH SPEED FACSIMILE

e BATCH PROCESSING

UNISCOPE ON SITE
TERMINAL CLUSTERS UNISCOPE CLUSTERS

TERRESTRIAL
LINES

TERMINALS

Typical configuration at Sperry Univac Blue Bell Development Center using
satellite network. Cost of satellite communications facility is comparable
to that of high quality terrestrial lines of equivalent bandwidth

QTHER

series 90 computers in Blue Bell, using
the network, provide processing power
for various development groups, who
access the large computers via com-
puter terminals, minicomputers, and
the smaller 90/25 and 90/30 systems.
Such projects as hardware design, de-
velopment of software and applica-
tions programs, and exchange of man-
ufacturing and financial information
are implemented over the intersite
link. Salt Lake City applications will
include development of communica-
tions subsystems and computer termi-

nals. Sperry’s TELCON networking sys-
tem will be used for these communi-
cations activities.

The additional earth station will be
installed and operated by American
Satellite Corp (asc), 20300 Century
Blvd, Germantown, mp 20767. Aasc,
using Sperry Univac specifications,
designed, installed, and operates the
present link which joins the large
computer complexes at both sites via
its spx (satellite data exchange) ser-
vices, using WesTAR, Western Union’s
domestic satellite.

Software System
Developed for European
Data Net Design

The development of a European ver-
sion of its MmiND (Modular Interactive
Network Designer) system, called
EMIND, has been announced by Net-
work Analysis Corp (wac), 130
Steamboat Rd, Great Neck, ny 11024.
The new version includes a tariff
module which reflects British and
European private line costs and re-
straints, enabling users to obtain least-
cost layouts for centralized data net-
works in Great Britain and on the
European continent. The basic MiND

version computes cost for uU.s. net-
works based on AT&T's mMpL (multi-
schedule private line) tariff. Access
to both versions is offered on a time-
shared basis under a license arrange-
ment.

EMIND is being marketed in Europe
and Great Britain by pAcTEL, a Lon-
don based computer and telecommu-
nications consulting organization. Un-
der the terms of a recently announced
agreement, NAC and PACTEL have
combined to offer clients worldwide
capabilities in design, analysis, testing,
and implementation of computer and
telecommunications networks. O

Circle 405 on Inquiry Card
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woO new ways to add

K bytes to your PDP-

Therr Way

When it’s available, DEC®’s MS11-1® will allow
you to add 256K bytes of MOS memory to your

PDP-11 systems with a single plug-in module.

It improves system density and performance
while lowering system power consumption and
costs.

Great idea, DEC.

of Digital E C

The right way

Plessey’s PM-S11E does all that and more.

Our S11E consists of 256K bytes of high-
speed, state-of-the-art MOS memory for the
PDP-11], the first with ECC. Multiple bit errors
are detected and single bit errors (dominant
with MOS devices) are corrected, for maximum
dataintegrity and a substantially higher MTBF.

The Plessey S11E is fully PDP-11 hard-
ware and software compatible, may be used
with parity and non-parity operating systems
and presents only one bus load to the Unibus®

And maybe best of all, we're shipping
now for $6,995 (unit quantity).

Providing mini users what they need
when they need it at a price they can live with
has made us the largest independent supplier
of DEC-compatible peripherals. Our product
line presently includes add-in/add-on core and
semiconductor memories, cartridge disc sys-
tems, floppy disc systems, mag tape systems,
complete computer-based systems, and a wide
variety of backplanes, expansion chassis and
other accessories.

We're the only real alternative to DEC, a
complete single source. For all the details,
please contact the nearest Plessey sales office
today.

@ Plessey Peripheral Systems

17466 Daimler, Irvine, California 92714, (714) 540-9945
The only real alternative.

CIRCLE 17 ON INQUIRY CARD

29



TheBantam.
The cocky new $599' CRT
thatjust changed

‘the pecking order.

Hazel- Hazel- Adds
P-E LSl tine tine Regent
User Need Feature BANTAM | ADM-3A 1400 1500 100
7 x 10 matrix for
highly legible Yes No No Yes No
characters
Black on white or
white on black Yes No No Yes Yes
display
Easy to read display Display set deep in
hood to reduce glare Yes WG N hp ho
Full 24 x 80 display Yes Yes Yes Yes Yes
Full upper and lower "
cass Yes Option No Yes Yes
Non-glare screen Option Yes No Yes Yes
Tab stops/tab key Yes No No Yes Yes
High operator Backspace key Yes No No Yes Yes
throughput, low Repeat key Yes Yes No No Yes
TRSIRECE g0 Shiftlock key Yes No No No No
Separate print key Yes No No No Yes
Egg;ﬁgﬁr;itnsewutchmg Local—remote key Yes No Option Option Yes
: French/German/
g;z:giignsa;ts Swedish/Danish/ Option Option No Option Option
British/Spanish
High speed numeric Integrated numeric pad Yes Option No Yes Yes
(_Jonvenient system RS-232/CCITT-V24 Yes Yes Yes Yes Yes
nteriacing Current loop Option Yes No Yes Yes
oo i Transparent mode
S;rgs ggﬁ? gprog i and displayable Yes No No No No
control characters
Faster maintenance Self-test Yes No Yes No Yes
15Wx 15.5Wx 15.5Wx 15.5Wx 21Wx
Minimum desk space Small size 19Dx 20.2Dx 20.5Dx 20.5Dx 23Dx
14H 13.5H 13.5H 13.5H 14.5H
Printer port Printer port Option Yes No Yes Option
Less
than
Cost effectiveness Qty. 100 OEM price $599+ $740 $550 in $860 $895
quantity
1000

“In quantities of 100.

{Qty. 1, End User Price $966.

30
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Nobody ever offered you a tough,
high quality, compact CRT like the
BANTAM before. At $599 or any
price. Designed for hectic office
environments. And, human engi-
neered to make an operator’s life
easier.

You get everything you need for
cleaner input and faster through-
put. An upper and lower case char-

A switchable white-on-black or
black-on-white display, which-
ever your operator prefers. An
easy-to-find cursor that frames
the entire character position in a
transparent, inverted video block.

Plus plenty of options you can’t
get with CRTs costing much more.
Like our low-cost Pussycat page
printer. A full range of foreign lan-
guage character sets. We even
have a model you can switch from
ASCII to full overstrike APL.

But that's not all. The BANTAM's
compact good looks fit any decor.

| It's handsome enough for execu-

tive row and rugged enough for the
stockroom. Silent? The BANTAM's
fan-free design makes it quieter
than an electric typewriter. And, the
BANTAM only weighs 28 pounds.
Only an industry leader like
| Imer could do it. We

s a powerful custom LSI
that makes the
ne and only high

lass.

Slough, England 753-34511.

And, remember our terminals
come equipped with a No Hassle,
800 toll-free service phone number.

One call does it all. We give
you service where you need it,
when you need it. We're there.
Not just “worldwide,” but wher-
ever you are.

For more information call or
write Perkin-Elmer Terminals
Division, Randolph Park West,
Route 10 & Emery Avenue,
Randolph, N.J. 07801 (201)
366-5550. Or contact any of
our sales offices. Then watch
the feathers fly.

The Bantams
available at all these places

PERKIN-ELMER SALES OFFICES

Santa Clara, CA (408) 249-5540.

Tustin, CA (714) 544-9093.

Atlanta, GA (404) 393-8440.

Arlington Heights, IL (312)
437-3547.

Waltham, MA (617) 890-1305.

Oceanport, NJ (201) 229-4471.

McLean, VA (703) 827-5900.

Singapore, Republic of
Singapore 2200949

Sydney (North Ryde), Australia

1000.

16) 677-8990.

France 664-1858.
ch, Germany 089-753081.
)I-0ost,

therlands 020-458-269.

, NY; Boston, MA
J_CT Ph:ladelphla
urgh, PA;

,DC; Atlanta,
jo, FL; Cleveland,
on, OH; Englewood
Detroit, Ml;
: Minneapolis,
Kansas City, KS; Tulsa,
| ,las,TX Houston TX;
ver, CO; Phoenix, AZ;
tie, WA; San Francisco,
; Los Angeles, CA;
Orange County, CA; San

Diego, CA.

PERKIN-ELLMER
Data Systems
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OUR MODEL 43 TELEPRINTER FAMILY
IS THE BEGINNING OF A NEW LEGEND.

When we introduced it just a year ago,
the basic idea behind the Teletype* model 43
proved so sound and flexible that today it's grown
into a comprehensive terminal family with exten-
sive capabilities for message communications.

Model 43’s come 1n a variety of configu-
rations with either 80 column friction-feed or 132
column pin-feed printers. Some units are designed
for use on the switched network, others for point-
to-point private-line systems. (There’s also a new

eneration of 5-level buffered teleprinters for
‘elex applications.)

The basic model 43 series operates
on-line at 10 or 30 cps in either the half- or
full-duplex mode and prints multiple copies using
the 96 character ASC h code set. A wide choice
of interfaces, including EIA RS232C and DC 20
60ma, are available for easy system integration.

With the automatic send-receive con
figuration, messages can be prepared off-line via

a master tape, then sent at maximum terminal
speed —automatically and unattended—when line
rates are lowest.

Buffered 43's operate on-line at speeds
ranging from 10 to 180 cps and provide up to
20,000 characters of storage for sending, receiving
and editing. These terminals send and receive
automatically via the buffer while messages are
simultaneously being prepared for future trans-
mission. They also include full forms control,
the automatic answer capability and answer
back .

Just like its predecessor, the legendary
model 33, our model 43 family is designed for
extreme reliability. The reason is simple:
simplicity. Our model 43’s use only five major
pluggable components (six, counting the paper
tape module on the ASR), along with extensive
use of LSI circuitry.

So when you think of our model 43 family,

the paper tape punch, edited, combined wilhrm‘lhink of 1t as the begmning of a new legend.

THE TELETYPE MODEL 43 FAMILY.

Feletype Corporation, 5555 Touhy Avenue, Dept. 3185

“Teletype i

OO0

Skokie, T 60076 Tel (312) 982

a trademark and service mark of the Teletype Corporation
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DIGITAL TECHNOLOGY REVIEW

Computer Systems Use SOS Technology
To Offer Performance in Compact Unit

To fill in the midrange of its business
computer family, Hewlett-Packard
Co, 1507 Page Mill Rd, Palo Alto, ca
94304 has introduced two computer
systems based on proprietary sos Lsi
semiconductor technology. The sos
chips result in high performance com-
puters of smaller size, lower cost, and
lower power requirements than com-
parable computers using traditional
technologies. The wp 300, a general
purpose business computer that takes
no more space than a free standing
data terminal and can support 16 ter-
minals in transaction processing, uses
nine microprocessor chips—three for
1/0, three for cpu, and three for ran-
dom logic. In the mp 3000 series 33,
an LsI version of the HP 3000 line
uses a 3-chip sos/cmos cpu in place
of nine boards in the series mr. Of-
fering five programming languages,
data base management system, and
remote diagnostic capability, it ex-
pands to 1M bytes of main memory
and 960M bytes of disc storage and
supports up to 32 terminals.

Capable of expanding to 1M bytes
of error correcting memory within the
basic terminal-sized enclosure, the up
300 has few of the arbitrary restric-
tions normally associated with com-
puters in its price class. Including
either Business BASIC or mpG-11 lan-
guage, the system is based on the
Amigo/300 virtual memory operating
system, which, in conjunction with
the intelligent integrated display sys-
tem (1ps), greatly simplifies develop-
ment and control of dedicated online
business applications. The Amigo sys-
tem permits the system to perform
background jobs while higher priority
tasks are occurring from application

Occupying no more space than data
terminal, Hewlett-Packard’s SOS LSI
based HP 300 Business Computer Sys-
tem supports 16 terminals and operates
as multiprogramming, multitasking sys-
tem managing both background and
foreground jobs

terminals. s schedules, monitors, and
controls these concurrent activities
and simplifies the process of program
development and testing.

Packing up to 1M bytes of main
memory and a 1M-byte flexible disc
drive in a desk sized unit, the zp 3000
series 33 runs the MPE-m1 multipro-
gramming executive operating system
of the larger Series 11 and 11 systems.
Online transaction processing appli-
cations are served through MpE-mx
features that include virtual memory,
multiprogramming, and multilevel se-
curity. The spL/3000 systems pro-
gramming language, and cosoL, RPG,
FORTRAN, and BASIC applications pro-
gramming languages are supported.

Data base management is provided
by mMace/3000 with its QUERY sub-
system; ksam/3000, an optional ac-
cess method, provides keyed sequen-

Supporting five programming lan-
guages, data base management, and
data entry software, the HP 3000
Series 33 uses SOS LSI technology
to achieve compactness and freedom
- from site constraints, and to reduce
power requirements and offer diag-
nostic self-test

tial access to fields having 1 primary
and up to 15 alternate keys per data
record. Designed to provide both
standalone source data entry capabil-
ity and a frontend to online transac-
tion processing systems, viEw/3000
allows users to create custom business
forms on a CRT terminal.

Incorporated into the system con-
sole is a diagnostic microcomputer
that gives users the ability to check
for correct operation using a data
cartridge that plugs into the console.
In addition, it is possible via modem
to pass complete interactive control of
all console capabilities to a remote
location.

With a vu.s. list price of $36,500, a
basic Hp 300 includes one language,
256k bytes of error correcting main
memory, 12M-byte fixed disc, 1M-
byte flexible disc drive, and integrated
display. Optional peripherals include
HP 2640 and 2621 crT terminals, 2631
180-char/s dot matrix serial printer,
and two removable pack disc drives,
including 20M-byte 7906, 50M-byte
7920, or 120M-byte 7925.

A basic configuration series 33 in-
cludes cpu, 256k-byte fault correct-
ing main memory, 1M-byte flexible
disc drive, 20M-byte fixed system
disc, system/maintenance conso'e, and
desk enclosure. List price is $70,000
and deliveries are scheduled to begin
in January. Terminal ovtions include
the ap 2621 or 2640 series; both 50M-
byte 7920 and 120M-bvte 7925 mov-
ing head discs are supported.

Plans for the future include data
communications facilities for up dis-
tributed systems networking on the
300; for the Series 33, future capa-
bilities will include advanced synchro-
nous data communications such as
networking, remote job entry, and
multipoint terminal support.

Circle 170 on Inquiry Card

Computer On A Board
Offers Low Cost Power
For Realtime Applications

A 16-bit parallel processor, offered as
a board level unit or fully integrated
system, the crassic 7810 adapts the
power and flexibility of other family
members to use in lower levels of
measurement, control, scientific, and
information processing applications.
Areas pinpointed by Modular Com-
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puter Systems, Inc, 1650 W McNab
Rd, Fort Lauderdale, rr 33309 as
now cost-justifiable include use as a
standalone system CPU, as a node in
a distributed network, or as dis-
tributed intelligence within measure-
ment and control systems based on
the MopAcs 11 process input/output
system.

Available with 64k, 96k, or 128k
bytes of solid-state memory, the 7810
has a full Mmobcomp 11 instruction set
as well as 15 general purpose regis-
ters and system protect features. It
is fully compatible with Mopcomr 1t
and with the company’s other com-
puters. It uses Max 11 and 1 operat-
ing systems as well as their MAXNET
extensions.

Effective memory cycle time is 600
ns with error checking. All memory
is directly addressable in any of seven
addressing modes.

The system’s 15 16-bit general reg-
isters enable handling of high speed
computations as well as communica-
tion and control applications. In many
problems all operands can be held in
the registers and operated on by the
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register to register instruction set. Exe-
cution time for a typical register to
register instruction is 900 ns. A six-
teenth addressable register is provided
for direct operator communication
with the program.

The processor’s input/output sys-
tem has 63 peripheral device ad-
dresses and synchronizes transfers
with interrupts. A direct memory
processor consisting of four automatic
multiplexed transfer channels enables
up to eight blocks of words to be
transferred between memory and pe-
ripheral devices. Automatic data
chaining capability is also provided.

Sixteen interrupt levels can be se-
lectively enabled and disabled under
program control. Request signal for all
levels can be program generated to
serve as a debugging aid and to re-
duce overhead in monitor operations.
The priority queue can be program
manipulated by deferring interrupt
processing to the low priority end of
the queue.

An optional control panel allows
data entry and display, program fill,
master clear, console keylock, and

console interrupt functions. A battery
backup option serves to maintain Mos
memory refresh on power loss.

Three versions of the processor are
available: two are board-only, the
other is a fully packaged system in-
cluding 4-slot chassis and power sys-
tem., A board level processor with
64k-bytes memory is priced at $3250
(single quantity). A fully packaged
system with remote fill capability has
a tag of $7500. Deliveries are sched-
uled for second quarter 1979.

Circle 171 on Inquiry Card

Data System Additions
Aimed at Needs of
Distributed Processing

An entry level machine and expanded
memory models on the top of the line
have been announced by Data Gen-
eral Corp, Westboro, ma 01581 to
offer Eclipse Data System users the
economies of a single vendor approach
to distributed data processing. The
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Which CRT family
now includes a simple,
character-mode terminal with
bright, high-resolution display, two full
pages of continuously scrolling memory,
familiar typewriter-like keyboard with
embedded numeric keypad, comprehensive
character and line editing, eight
preprogrammed function keys,
self-test and optional built-in
120 cps hard copy?



e

We took a long, hard look at how you use a simple
CRT terminal. We applied 10 years of experience producing
sophisticated, high-performance computer products, so the
newest member of HP’s terminal family is engineered from
just one point of view: yours.

If you used a CRT all day, you'd demand the brightest,
sharpest display made. So we didn't take any shortcuts on the
2621’s display. It's the same display with enhanced 9X15
character cell you see on every HP CRT terminal, even our
top-of-the-line models.

Interactive sessions go faster if you can look back at
what you've already done. So we designed two full pages (48
80-character lines) of continuously scrolling memory into
the 2621.

Recognize the 2621’s keyboard? It’s a lot like the famil-
iar typewriter almost everyone’s used to. Which makes the
2621 easier to learn, faster to use. And to accelerate keying in
numbers, we put the numeric keypad right in the middle of
the keyboard.

Then we increased the capability of the 2621’s simple
keyboard with eight special keys. In regular use, they control
the cursor, rolling and scrolling. But they’re also labelled on the
screen with preprogrammed functions which, with a touch of
the shift key, control self-testing, terminal configuration, dis-
play functions and editing.

Editing? On a simple CRT? Sure, because editing
gets more work done faster. The 2621’s comprehensive editing
includes character and line insert and delete, clear line and
clear display. What’s more, the 2621 keeps your input separate
from your CPUs so you can edit data before sending it to your
CPU. And all without rewriting a line of your system’s software.

And the 2621 is Bell 103A compatible and communi-
cates with your CPU at 110 to 9600 baud through an RS232C
interface. Which makes interfacing a snap.

That's the 2621A.

But we've gone a step further. How many times have
you wanted just to hit a key and get hard copy of your CRT
display without making a big project out of it? Now you can
with the 2621P. lIts built-in 120 cps thermal printer zips out a

[J I'd like to know more about HP’s new 2621A and 2621P with
built-in hard copy.

[0 I'd like to see HP’s new 2621A and 2621P with built-in
hard copy.

[0 I'd like to know more about HP’s complete family of terminals.

Name
Title
Company
Address

Phone

Mail to Hewlett-Packard, Attn: Ed Hayes,
Marketing Manager, Data Terminals Division, Dept. 1239
19400 Homestead Road, Cupertino CA 95014.

page of hard copy in seconds. With a single keystroke.

And here’s more good news: the 2621A costs only
$1450; the 2621P with built-in hard copy costs only $2550.

Surprised by all these features in a simple, inexpen-
sive, character-mode CRT? We don't think simple has to mean
unsophisticated. To prove it, we're turning HP’s advanced
technology and 40 years of manufacturing experience into
products you need.

Like the 2621: the simple CRT youd expect from
Hewlett-Packard.

Try this on your favorite CRT: With the 2621P, you just hit
a key and walk away in seconds with hard copy of your CRT
display. The built-in thermal printer prints upper and lower case
at upto 120 cps.

The 2621’s bright, high-resolution CRT displays the full
128-character ASCII character set, including upper and lower
case, control codes, and character-by-character underline, in 24
80-character lines.

Eight screen-labeled preprogrammed function keys mag-
nify the power of the 2621’ keyboard. Preprogrammed func-
tions include editing, terminal configuration, printer control
and self-test.

To make numeric data entry faster and easier, we put
the 2621’s numeric keypad right in the middle of the keyboard,
instead of at one side.

The 2621s familiar 68-key keyboard is almost as easy to
use as a typewriter.

CIRCLE 20 ON INQUIRY CARD
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from low cost imaging and graphics
to full color image processing

Our modular, solid state systems
can meet your computer display
requirement, easily and econom-
ically.

And, they’re intelligent. Every
system has a complete alphanu-
merics and graphics package, and
a powerful instruction set that sim-
plifies programming—no need for
complex macro-instructions and

high order programming languages.

There's also a choice of standard
resolutions: 256 x 256, 256 x 512,
512 x 512 (30 Hz or 60 Hz refresh)
and 1024 x 1024. Plus plug com-
patible interfaces for most minis.

Options include overlays, func-
tion memories, pseudo-color tables,
zoom and pan, independent cur-
sors with trackball and joystick
controls, split-screen, image tog-
gling, and real time digitizers that
grab and store images and sum
consecutive frames.

Grinnell displays are already
used for tomography, ERTS imag-
ing, process control, image pro-
cessing, animation and much more.
All systems drive standard TV
monitors.

So before you choose a display
system, let our experts show you
how to maximize performance and
minimize cost. For details, and/or
a quote, call or write.

GRINNELL SYSTEMS

2986 Scott Boulevard, Santa Clara, California 95050 (408) 988-2100
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entry level Eclipse C/150 will allow
organizations to cost-justify distri-
buted processing in an increasing
number of applications, and expanded
memory on Eclipse M/600 machines
will allow users to continue on up the
line in online multifunction environ-
ments.

Designed for use either as a stand-
alone computer or as part of a distrib-
uted data processing network, the
C/150 is capable of using all major
commercial computer languages and is
compatible with larger systems in the
line. The unit’s cpu offers up to 256k
bytes of Mos/ERcc or core main mem-
ory. Packed 256k bytes to a single
board, M0os memory has a 700-ns
maximum cycle time. Error checking
and correction are standard. System
throughput is maximized with an ex-
tended hardware stack and high speed
interrupt handling.

Systems are controlled by the real-
time disc operating system (RDOS),
a compact operating system optimized
for multiterminal applications where
rapid terminal response is required
and capable of supporting a limited
amount of concurrent activity includ-
ing program development, batch pro-
cessing, or communications. Interac-
tive data entry/access (IDEA) software
provides a development and runtime
system for multiterminal data entry
and inquiry/response application.

Data storage is managed by INFos, a
database oriented file management
system. IDEA, COBOL, and RPG II are
fully integrated with ivrFos to allow
access and update of files in both
interactive and batch applications.
RJES8O0 and HASP II communication
software packages facilitate data
transmission between other C/150
systems, 1IBM systems, and the com-
pany’s other systems.

Extending the family upward,
M/600 models incorporate two times
the main memory of previous models
(Computer Design, Mar 1978, pp 34,
38). This greater capacity serves to
expand the performance range of the
machines. Representative  systems
would include 1M bytes of memory,
4M bytes of fixed head disc, syn-
chronous communications, and 32
terminals.

A typical small C/150 configuration
would consist of processor with 128k-
byte memory, 10M-byte -cartridge
disc, magnetic tape drive, and ter-
minal printer. A large system micht
comprise 256k-byte memory, 190M-
byte disc swbsystem, magnetic tape
drive, 16-line asynchronous line
multiplexer, 2 crr consoles and 12
displays, and 600-line/min printer. Ap-
proximate prices are $54,000 and
$144,000, respectively. Deliveries are
scheduled for January 1979.

Circle 172 on Inquiry Card

Programmable Desktop
Computers Incorporate
Plotting Printer and Disc

Capable of performing fast, accurate
information processing, ax-1 and Bx-1
store data on minifloppy discs, pro-
vide a 16-digit alphanumeric display,

Canon’s AX-1
minifloppy disc for use in conjunction
with RAM, thermal plotting printer, and
alphanumeric display. Up to 45 pro-
grams can be searched for, loaded, and
executed using a single key on the key-
board

incorporates a built-in

and print on 8.5” (21.6-cm) wide
paper. The programmable desktop
computers, developed by Canon, Inc,
Tokyo and announced by Canon usa,
Inc, Systems Div, 10 Nevada Dr,
Lake Success, Ny 11042, connect with
additional ovotional peripheral devices
through rs-232 (V.24) interface units
and 1/0 controller.

Operating in the —10% to 109
range on 13-digit mantissa and 2-digit
exponent, the units perform +, —, x,
—+, a%, /", log, and e* operations and
follow the algebraic operation system.
Programming is done in Canon (Ax)
or Canon Extended Basic (Bx) lan-
guage. The ax provides 20k-bytes
roM and lk-byte RAM svstem memory
area and a max of 16k-bytes of user
accessible space. BX memory consists
of 24k-byte rom and lk-byte rRAM
system area and a max of 16k-bytes
of user memory.

The minifloopy drive, X-7309, has
capacity for 71.7k bytes of data; 65.5k
bytes are accessible to the user. The
drive transfers at 125k bits/s. Print-

ing at 40 char/s, the integral thermal
printer is capable of full or half pitch
printing on 24-, 48-, or 80-digit wide
lines. The 16-digit fluorescent tube
panel displays numerals, upper and
lower case letters, and symbols. Mes-
sages prompt the operator through
the calculating sequence. On entry of
erroneous data, the panel will display
a specific error classification message
to inform the operator of the error.
Among the Basic functions pro-
vided by the Bx-2 are record, load,
call, link, flag, and half and full state-
ments. Up to 10 levels of program
subroutine nesting is possible, as well
as up to 10 levels of For TO NEXT
statements.
Circle 173 on Inquiry Card

Network Operating System
Dynamically Routes
Message By Best Path

The Guardian/Expand network system
combined with the architecture of the
NonStop Tandem/16 computer sys-
tem serves to eliminate the computer
as a source of network failures. Tan-
dem Computers Inc, 19333 Vallco
Pkwy, Cupertino, ca 95014 designed
the system to allow users to access
resources of any node regardless of
its location, with the system auto-
matically routing messages via the
best path.

Designed for online terminal/trans-
action data base oriented operation,
the Tandem/16 provides a multiple
processor system tolerant of any single
component failure. Although all re-
sources in the system function as in-
dependent parallel resources, system
components automatically assume
workload of a failed component, while
the user remains unaware of the fail-
ure.

Guardian, the system’s general pur-
pose multiprocessor operating system
resides in each processor in a system
but is aware of all other processors.
Based on the concept of processes
sending messages to other processes,
the operating system considers all re-
sources in the system to be files, and
each to have a logical file name. Ap-
plication programs deal only with
file names, providing total geographic
independence of resources, and re-
quiring no reprogramming when hard-
ware resources change.

The Expand network system ex-
tends the Guardian message system,
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If your mini-computer customer looks

like adisk jockey, maybe it's time

you gave some thought to

our cartridge tape drive
for Winchester disk
backup.

Our increased capa-
bility }4" cartridge tape
drive does the work of
an arm load of floppies.

The Funnel™ as we call
our 6400 BPI High Density
) Cartridge Tape Drive, fea-
ures four-track serial recording
and boasts a transfer rate of 192
kilobits per second.
And with its ability to store up to 17.28
Megabytes on a single cartridge,
it has about 17 times the capacity
of the latest double density, double
sided floppy.

When you add to all that the Fun-
nel's high quality design and relia-
bility, you can see why it's quickly
becoming the preferred choice of
mini-computer designers and users.
In fact, we've delivered over 2,000
units for disk backup.

But our cartridge drive does more
than just get your customer out of
the D. J. doldrums. It can also offer
significant savings even if your sys-
tem presently uses just two floppies
for fixed disk backup. Because with
its increased capability, the Funnel
lowers your storage cost to just a
penny per kilobit.

So stop asking your customers to
play disk jockey and start calling
DEI for OEM quotations. We think
what we have to say will be music to
your ears.

Call (213) 351-8991, or write The
Funnel, Data Electronics, Inc., 370
North Halstead St., Pasadena, Ca.
91107. Telex 67-5327.

.= WE STORE BYTES
s INMSNOTINK'S
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determines
message there by best path

Message system in Tandem’s Guardian/Expand network
operating system is software analog of hardware bus,
handling automatic path retries in case of path errors.
Communication between process (denoted by circles)
and other resource is via file system, which passes
message to message system. Message system in turn
recipient’s physical

location and routes

allowing up to 255 separate com-
puters to be linked together. Major
components of the network system are
end to end protocol, network control
process, network line handler, network
routing table, and network utilities.

Based on exchange of packets over
a communications path, the end to
end protocol insures integrity of mes-
sages regardless of the number of
intervening nodes and resources util-
ized in the transmission. Support is
provided for communications paths on
either a full-duplex telephone line or
a virtual circuit through an X.25 net-
work.

Maintaining the routing table, log-
ging network changes, and servic-
ing some requests from remote nodes,
the network control process also han-
dles requests for remote resources.

Line handlers establish and maintain
the communications path between two
physically connected nodes. They can
also create a logical connection be-
tween non-neighboring nodes by for-
warding messages.

Utility programs aid the user in
monitoring network status and in trac-
ing problems. A tracing facility creates
a trace file that tracks events occur-
ring with a specific line handler; these
data are formatted for report genera-
tion. Statistics for a given line handler
are reported by protocol level, includ-
ing counts of frames sent and received
by type, and number of requests ini-
tiated or processed. Utilities can be
run from any terminal in the network,
and their output directed to any ter-
minal or other output device.

Circle 174 on Inquiry Card

Distributed Processing
System Elements Include
Processor Using 64k RAM

Compact computers featuring distri-
buted processing and easy to use con-
trol programming, the 8100 Informa-
tion System family initially consists
of two processor models plus associ-
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ated display stations, printers, and
storage devices. Versatility and cost/
performance benefits are provided by
use of high density storage compo-
nents—64k- and 18k-bit memory chips.
Made using an n-channel metal gate
FET process that enhances gate re-
liability using silicon nitride and con-
trols surface leakage with a conductive

field shield, the monolithic RAM array
chips take advantage of dynamic
1-device cell arrays and the FET
process to provide greatly improved
density at low cost.

Combining with each other and
with other systems and terminals, ele-
ments of the 8100 family, introduced
by International Business Machines
Corp, Data Processing Div, 1133
Westchester Ave, White Plains, Ny
10604, include a choice of 8130 or
8140 processor, 8010 storage and com-
munication unit, 8775 display ter-
minal, and 8809 reel to reel magnetic
tape unit. With an internal operating
speed of 1.5 ps, the 8130 has from
256k to 512k bytes of main memory;
the 8140 operates at 800 ns. Both
have 1M bytes of removable flexible
disc storage and 64M bytes of main
storage provided by built in high
speed disc memory.

An 8101 storage and communica-
tion unit can increase data storage
capacity to 320M bytes on high
speed disc. Four of these units can
be used with the 8140 (two with
the 8130) to accommodate display,
printer, and magnetic tape units. Data
terminals and processing systems can
be attached using available communi-
cations adapters.

A system might initially be used
as a standalone computer, then later
linked to a host System/370 in a co-
operative network processing plan.
Programs for the systems include a
series of step by step programming in-
structions in English that will enable
users to develop their own application
programs, and control functions to ac-
commodate multiple users. Addition-
ally, common business and scientific
languages can be used as well as soft-
ware that allows operators at a
central /370 site to program, test, and
run remote 8100 processors.

High level functions are provided
the systems by the distributed pro-
cessing programming execution
(pppx) which permits multiple users
to process transactions concurrently
and enables operation as an indepen-
dent or satellite distributed process-
ing system, and distributed processing
control executive (ppcx) which can
handle up to 31 operations simulta-
neously. pppx works with the data
base and transaction management sys-
tem, host command facility with 3270
data stream compatibility, develop-
ment management system, and distri-
buted presentation features. In addi-
tion, it can be programmed to respond
to specific batch processing situations

COMPUTER DESIGN/DECEMBER 1978



A low-cost DC/DC Converter is
something worthy of protection

ETATECH. THE PRICE AND
QUALITY LEADER IN DC/DC

CONVERTERS.

Etatech has a complete line of single and multiple
output units, ranging in input voltage from 12 to
125VDC, output voltage from 5 to 48VDC and output
power from 40 to 126 watts. Our exclusive
“Univerter’™ design lowers parts counts so
drastically (71 parts, Model B5D10) that our
medium power density “B” and “D” series units
are offered at the lowest prices available
anywhere. As indicated in the table below,

INPUT OUTPUT OUTPUT
MODEL NO. VOLTS (VDC) VOLTS (VDC) CURRENT (ADC)

OA5D10 28 5 10
B12ES 48 12 5
D5H20 125 5 20

A 5 Year Warranty is standard on all Etatech products.

PACKAGE MIN

487 x750x 212 69%
487 x7.00x1.75
5.00 x9.00 x 2.25 71%

Etatech is your answer for low price and reliable
performance in modular and open frame
DC/DC converters.

For complete specifications and prices on 71
other modular DC/DC converter models, plus
information on Etatech’s new open frame line,
circle the reader service number and receive our
new 28-page catalog. Or, for more immediate
action, give us a call. Incidentally, Etatech’s
variety of AC input units are priced below the
competition too.

— | ETATECH, INC.
E%afECH 187-M W. Orangethorpe Ave.
~_™ ] Placentia, CA 92670. (714) 996-0981
{ 217B MTBF UNIT
SIZE EFFICIENCY (%) @ 80° C BASEPLATE PRICE
68K Hours $149.
75% 68K Hours $195.

68K Hours $233.
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Computer Terminals

We'll translate your next
computer terminal design

into the right ICs.

We make it our business to know your business. We have to. Because we
know your future depends on it.

It'snosecret that things change fast in your business. Or that success or
failure depends on how well you use semiconductor technology in your next
computer terminal design.

That’s where we come in.

Our people speak your language. They know how to save you
time. And money. By helping you select the right ICs for your de-
sign. Every time.

Signetics wants to help keep you ahead in the terminal
design game. Because if you're not ahead, you're not even a
player.

That’s why we give you more than just the right product.

We also give you the Signetics Commitment. We don’t publish
specs on it. And it’s not scribed on our ICs. But we do market this
extra, personal commitment. And it’s free.

Our professionals in IC technology and market support are
backed by Signetics’ six integrated divisions. That means we can
combine our total resources in both MOS and bipolar technologies
to give you the edge in computer terminal OEM design.

For example, our MOS Microprocessor Di-
vision’s 2652 is the fastest multi-protocol
communications controller in the world at

Rudi Willers, Signetics sales engineer (left), talks terminals
with Bo Fredricsson, Qantel’s director of R & D.




Spoken Here.

2Mbits/second. It’sright at home with most high-level
protocols.

Every computer terminal OEM looks for unique
logic functions. With the smallest amount of random
logic practical. And Signetics wants to make it easy
for the designer.

Working together, our Logic and Bipolar Memory
Divisions have responded to the terminal OEM’s de-
mands for speed and flexibility.

We've gone beyond LSI to give the terminal OEM
the 8A2000 I2L Gate Array. It’s got 2000 gates. And
you can customize the 8A2000 to
your proprietary needs without
losing LSI benefits.

In fact, all you stand to lose is
the need to use 50 to 75 random
logic packages by going with the
8A 2000 in your design.

With our family of field pro-
grammable logic, including the
FPLA, FPGA, and ROM patch, we
make it easy for you to out-design
the competition.

And more design freedom’s on

the way. We'll soon be offering the world’s first Field
Programmable Logic Sequencer.

Responding to your needs, our Logic Division cre-
ated the bipolar 8X300 uP. Its blazing speed of 4 million
operations/second and control-oriented architecture
make it ideal for adding state-of-the-art peripherals
to your terminal system.

While our field professionals help computer ter-
minal OEMs translate difficult design choices into the
right ICs, other Signetics professionals are applying
the most advanced technologies into devices to meet
the OEM’s future demands.

Talk to a Signetics professional.
We've bridged the communications
gap between terminal OEM and
IC manufacturer.

To learn how our leading-edge
technologies are making innova-
tion simpler for terminal OEM de-
signers, write us today.

We've got a brochure that tells
you how you can put our advanced
ICs to work for you. On your own
terms.

2652 multi-protocol communications controller

SineLics

a subsidiary of U.S. Philips Corporation

Signetics Corporation

PO. Box 9052

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700

“To: s satics Totuiation Sotiins. BT Bact ém;uu Averius
~ . Box 9052, Sunnyvale, CA 94088

phone me at (—

Name

Company
Address__
City




Beat the odds on early-life failures with PEP.
And get the tightest AQL’s in the industry.
From the qualityleader. Texas Instruments.

Lower your total system cost. De-
crease field service. Decrease in-
coming test costs.

PEP, the Product Enhancement
Program from Texas Instruments,
provides off-the-shelf IC’s with en-
hanced quality and higher reliabil-
ity. With PEP you:

e Reduce or eliminate incoming I1C
inspection
e Improve yields through assembly

e Reduce field returns and service

PEP 3 and 4 provide 100% burn-
in to accelerate the integrated cir-
cuit through early operational life,
when IC failure rates are the high-
est, to the period where the failure
rate typically reaches less than
0.0005% per 1000 hrs...a typical IC
MTBF of 23 years for a system
containing 1000 PEP ICs.

PEP processing is offered on

GUARANTEED AQL %
TEST CONDITION BIPOLAR LOGIC BIPOLAR MEMORY LINEAR
PEP1,PEP3| PEP4 | PEP1,PEP3 | PEP4| PEP 1, PEP 3 PEP 4

Continuity 100°C 0.015 0.015 0.015 0.015] 0.015 0.015
Functional 0°C to 70°C 0.10 0.10 0.25 0.25 | 0.10 0.10
DC Parametric 0°C to 70°C 0.65 0.65 | 0.25 (Note1)[ 0.25 (Note 1)
AC Parametric 25°C (Note 2) 0.65 0.65 1.00 1.00 | 1.00 1.00
Fine Leak 1x 10 ©Leak Rate NA 0.65 NA 0.65 NA 0.65
Gross Leak Step C-1 NA 0.40 NA 0.40 NA 0.40
Mechanical Defects | Critical 0.10 0.10 0.10 0.10 [ 0.10 0.10

(Note 3) Major 1.00 1.00 1.00 1.00 | 1.00 1.00

Notes:

(1) For linear devices, a 0.25% AQL at 25°C and a 0.65% AQL at 70°C apply.

(2) Sampled and guaranteed

(3) Critical mechanical defects are those which affect device functionally. Major defects include problems not affecting functionality.

(© 1978 Texas Instruments Incorporated
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TEXAS INSTRUMENTS

INCORPORATED

CIRCLE 25 ON INQUIRY CARD

Linear, Bipolar Memory and Bi-

polar Microprocessor, as well as all

TTL families including Low Power

Schottky (74LS), Schottky (74S),

and Standard TTL (74)...in either

plastic or ceramic DIP.
The new PEP now offers in all

popular TTL families:

¢100% high temperature func-
tional, continuity, and para-
metric testing

e Industry’s tightest AQL (0.1%
AQL cumulative for parametric,
functional, and continuity)

® 2% burn-in PDA on PEP 3 (Plas-
tic) and PEP 4 (Ceramic)

For the complete story on updated

PEP processing, and a copy of the

new PEP brochure, contact your

local TI field sales office or

authorized TI distributor. Or,

write Texas Instru- o

ments Incorporated,

P.O. Box 225012, M/S

308, Dallas, Texas 75265.

87504
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without operator intervention as an
aid to balancing workloads.

For those requiring a host con-
trolled network using systems network
architecture, ppcx provides improved
processing speed and access to 320M
bytes of data. The program incorpo-
rates functions of the 3790 communi-
cation system including the ability to
be tested and programmed from a
central System/370.

Depending on configuration and
control program, transmission method,
and other factors, data speeds up to
56k bytes/s are possible between 8100
elements and other systems. The sys-
tem is based on Systems Network
Architecture for orderly network
growth. Communications adapters al-
low bisynchronous and start-stop de-
vices to be attached.

Elements of the system are avail-
ab'e for purchase, lease, or rental.
Individual elements are priced in the
$29,940 (8130 with 512k main mem-
ory, 1M-byte diskette, and 64M-byte
disc) to $46,980 (8140 with 512k-
byte memory, 1M-byte diskette, and
64M-byte disc) range. First shipments
are scheduled to begin in third quar-
ter 1979.

Circle 175 on Inquiry Card

Technological Advance
Speeds Electron Movement
In Semiconductor Materials

Doubling the speed at which electrons
can move through semiconductor
crystals at room temperature could
both improve circuit speed and re-
duce its power requirements. This
fundamental advance in solid-state
technology has been reported by sci-
entists at Bell Telephone Labora-
tories, Mountain Ave, Murray Hill,
Ny 07974.

Materials that conduct electricity
better than insulators but not as well
as metals, semiconductors have elec-
trical properties that can be precisely
controlled by addition of impurities.
Such impurities limit their conductiv-
ity by slowing down their negatively
charged electrons. By devising a tech-
nique to isolate electrons from these
impurities, scientists have enabled the
electrons to move freely and with
little interference.

A semiconductor’s ability to carry
current can be boosted by adding
small amounts of an impurity element

Al Go As

within the GaAs layer

(O—= MOBILE ELECTRON
®  siLicon ATom

Constructed with alternating thicknesses of GaAs and
AlGaAs semiconductor, crystal produced by scientists at
Bell Telephone Laboratories exhibits improved conduc-
tivity, with electrons moving at twice their normal speed

that will donate free electrons. Each
impurity atom gives up one electron
that moves through the semiconductor
as current. The impurity left behind
is positively charged, having given off
one negative charge, and therefore at-
tracts free electrons, slowing them
down.

To isolate these electrons from par-
ent impurity atoms, a crystal growing
process called molecular beam epi-
taxy was used to build crystals one
layer of atoms at a time, layering two
semiconductor materials to form a
single crystal. Using this process, a
crystal of alternating thicknesses of
gallium arsenite (GaAs) and alumi-
num gallium arsenide (AlGaAs) was
produced, with silicon impurities
added only to AlGaAs layers. Since
the two materials provide different en-
vironments for free electrons, when
silicon is added to AlGaAs, electrons
migrate spontaneously to the GaAs

layer, leaving positively charged sili-
con behind in the AlGaAs layer. To
further assure isolation of electrons,
silicon was added only to the middle
region of AlGaAs layers, thus creating
neutral borders between free elec-
trons and silicon.

Once in different layers, silicon im-
purity atoms and electrons have little
chance to interact, leaving the elec-
trons free to move rapidly within the
GaAs. Speeds were found to be twice
as great as in standard GaAs semi-
conductors at room temperature, and
20 times as fast at lower temperatures.
Moreover, the technique may be used
with any combination of semiconduc-
tors having the same fundamental
properties as GaAs and AlGaAs, and
could provide a means for enhancing
the performance of computer circuits
and multiplying the capacity of com-
munications systems.

Circle 176 on Inquiry Card
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FORTRANBased Computers
Packaged To Fill
Price/Performance Needs

Packaged computer systems combin-
ing the 8/32 Megamini® computer
with globally optimizing FORTRAN vI
offer price/performance that answers
the needs of FORTRAN users with ap-
plications in scientific research, simu-
lation, and data acquisition. The
Interdata Div of the Perkin-Elmer
Corp, 2 Crescent Pl, Oceanport, Ny
08857 states that the systems will pro-
vide the fastest FORTRAN execution
available and will enable users to de-
velop application programs as fast or
faster than other minicomputer sys-
tems.

The smaller FORTRAN system,
priced at $89,900, includes a model
8/32 with 512k bytes of main mem-
ory, high speed floating point hard-
ware, 10M-byte disc, 800-bit/in
(315/cm) magnetic tape, Carousel
console, dynamic multitasking operat-
ing system, FORTRAN vII, and system
diagnostics. With 768k bytes of mem-
ory, 67M-byte disc, and FORTRAN en-
hancement package with 2k writable
control store, the larger system sells
for $134,000. ForTRAN vIiI offers the
speed necessary for immediate re-
sponse. Programs can be compiled
at 1500 lines/min. Automatic job con-
trol allows programs to be compiled,
linked, loaded, and executed with a
single command input.

Circle 177 on Inquiry Card

Portable Computer System
Can Be Configured by
Laboratory Researchers

Designed for use by a broad range of
people, MINC contains hardware and
software enhancements that accom-
modate laboratory interfacing and ap-
plication development by researchers
who are not computer experts. The
compact, modular computer system,
announced by Digital Equipment
Corp’s Laboratory Data Products
Group, Maynard, ma 01754, mounts
on a scope-cart-style portable cabinet
for easy transportation between loca-
tions. The system’s Basic language
operating system allows users to issue
commands directly to mass storage
devices without learning the operat-
ing system.

Standard for all configurations is
a ppp-11/03 processor with 30k-word
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memory capacity and extended and
floating point instruction sets, three
serial line channels, and I1EEE-488
standard interface. Seven functional
module types can be used in combi-
nations to a maximum of eight to
customize a laboratory system. Avail-
able are analog-to-digital converter,
digital-to-analog converter, digital in-
put, digital output, multiplexer, pre-
amplifier, and programmable clock
modules.

Input/output modules have from 4
to 64 channels depending on module
type and use. MINC connection blocks
may be detached from the system and
remain connected to instrumentation.
When the system is wheeled up to the
instruments, connector blocks can be
plugged directly into the system mod-
ule permitting minimum connection
time.

The system uses an rx02 double
density dual diskette unit for program
and data storage, and the vr105 video
graphic terminal for display. The ter-
minal has full alphanumeric capabih-
ties plus a graphics facility of 512
horizontal by 190 vertical positions.
Data can be presented graphically in
point or histogram mode, and alpha-
numerics are presented in upper or
lower case, double-height, double-
width, or both. ;

MINC BASIC software, an extension
of pop-11 BAsic, permits the user to
issue commands directly to mass
storage devices to perform func-
tions such as transferring files between
discs. Other commands allow user con-
trol of data transfer through analog
and digital interfaces. The system will
also run RT-11 FORTRAN 1v which is
available with a library of subroutines
to support module options, interface,
and terminal.

Circle 178 on Inquiry Card

Storage/Refresh
Graphics Display Offers
70% Increase in Capacity

A 25" (63.5-cm) storage/refresh
graphics display, the cma 125 claims
capacity for 70% more information
than other available units. This capac-
ity and the screen’s large visual angle
enable resolution of adjacent points
that would be indistinguishable on a
19” (48-cm) display and increase the
number of screen size alternatives.
In addition, the unit, manufactured
by Tektronix, Inc, Information Dis-
play Group, po Box 500, Beaverton,

or 97077, incorporates an extension
of the pvsT with refresh technology
used in other members of the series.
The storage crt achieves high density,
high quality graphic images; addi-
tion of substantial refresh (write
through) capability yields dynamic
interactivity, simplifying, cutting time,
and increasing comprehension of
graphics.

Option 42 vector generator and op-
tion 43 vector/dot character generator
transform digital signals from most
computers into analog signals required
by the basic display, providing a
parallel interface that is compatible
with all series members. By allowing
higher throughput speeds than a serial
interface, these options significantly
reduce the time required to electron-
ically integrate the display into a
product. 12-bit addressing resolution
for 12.6M viewab'e picture elements
is available with option 42.

Compatibility with 220-V  and
50-Hz international power sources are
offered by the unit’s energy-efficient
switching type power supply. The
display chassis is symmetrical in struc-
ture allowing the whole unit to be
rotated to obtain a long vertical axis
format.

Circle 179 on Inquiry Card

Updated COBOL Specs
Available for Comment

Being considered as a candidate for
standardization by the American
National Standards Institute Com-
mittee on Computers and Information
Processing (ansi/x3), the Journal of
Development of the copasyL cosoL
Committee includes developments to
Dec 1977. A few of the 21 changes
that have been incorporated are (1)
a facility to specify symbolic charac-
ters and positionally relate them to
the native character set or user-de-
fined alphabet; (2) global and external
specification for data items; (3) a
multibranch, multijoin structure, the
EVALUATE statement, to cause multiple
conditions to be evaluated; (4) an in-

line PERFORM statement capability.
Copies of the copbasyL cosor 1978
Journal of Development may be ob-
tained from Department of Supply
and Services, Material Data Manage-
ment Center, 4/B1 Place du Portage,
Phase III, 11 Laurier St, Hull, Que-
bec, K1A 0S5, Canada. Orders must
include $10 remittance made payable
to “The Receiver General for Canada.”
O
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Ampex
storage modules
grow overnight.

Quick growth isn’t

Only Ampex makes storage mod-

ules that can grow to 160 mega- limited to the 40-80160
bytes overnight. family, either. In addi-
Begin with 40 megabyte tion to this CDC-
drives, and make them grow compatible series,
to 80 or 160 megabytes there’s another

Ampex storage

when you need
module family

more storage.

Or start with that begins at
80s, and 100 megs and
change to grows all the way
160s. Or to 300 megs.
skip the This 10-high
changes, drive series uses
and order the same industry-
160 mega- compatible inter-
byte units face as the 40-80-
from Ampex in 160 family.

the first place. Buy Technical in-

what you need. formation is a good

You’ll have All the lmegabYtes. way to begin your

possession of your march toward
machines all the time, and your own staff easy disk storage growth. Call Larry

can make the modifications when the Russell at 213/640-0150. Or write to him
time comes. You'll save money on spares, at Ampex Memory Products Division,
too, because these storage modules 200 North Nash Street, El Segundo,

have a sweeping degree of parts common-  California 90245. Ask him how to improve
ality between all capacities. your drive.

AVIPEX
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DIGITAL CONTROL AND
AUTOMATION SYSTEM

TR 208 SR

High Speed Laser System Welds Terminals
of Miniature Relays Under Microcomputer Control

Terminals can now be spot welded on miniature relays
at speeds up to 20 welds/s. A microcomputer controlled
high speed laser welding system developed by Western
Electric at its Engineering Research Center in Prince-
ton, NJ is claimed to be four times as fast as the re-
sistance welding system it replaces—and much more
reliable.

In order to fit properly on telephone transmission
equipment printed circuit boards, the relay first must
be attached to adapter plates. Terminals jutting from
a relay’s base fit through holes in the adapter plates
and are crimped to tabs on the plates to insure proper
positioning and good thermal contact before welding.

The spot welding system, made up of a 200-W aver-
age power pulsed Nd:vAc laser and an X-Y positioning
system, is controlled by a Motorola 6800 micropro-
cessor and programmable read-only memory. Four dif-
ferent programs can be switch-selected to accommodate
different relay configurations. Linear encoders enable
the microprocessor to monitor the position of x-y table
[which has 0.0001” (2.54-um) accuracy] and antici-
pate targets within a 30-ms period. Welding occurs “on-
the fly” at speeds up to 5” (12.7 cm) /s.

At the welding station, batches of up to 30 relays
are loaded onto a precision tray that positions each
phosphor-bronze tab within =0.002” (0.051 mm). The

Microcomputer controlled laser welding system. Tray of 30
miniature relays is fed onto X-Y table. Laser welds each
relay terminal to tab on adapter plate that assures proper
positioning on PC board. System not only improves re-
liability by making two welds instead of previous one, but
welds are now visible for easy inspection and are made at
one-fourth the time of replaced resistance welding system
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microprocessor indexes the x-y table and, in turn, the
tray to preprogrammed positions within the laser beam’s
focal plane.

Laser pulses of 5-ms duration and 8 ] of energy
content are focused down to approximately 0.020”
(0.508-mm) diameter to provide welds at 8 x 10°-W /cm?
intensity. To minimize wear on the positioning system,
the targets are scanned past a stationary focused beam
at constant speed. The microprocessor controller re-
quires approximately 30 ms to compute the next target
location and fire the laser. Because of this interval and
because some of the relay adapter plates have spacing
between consecutive tabs as small as 0.150” (0.381 cm),
scanning speed can be no greater than 5” (12.7 ¢cm) /s.

Once a loaded fixture is mounted on the x-v table
and the program cycle is initiated by the operator, both
the fixture and the enclosure door are locked in position
by two solenoid driven mechanisms that insure target
location and light-tightness. The loading door and all
access panels are interlocked to the laser firing circuitry,
while a TV monitor allows safe viewing of the welding
operation.

Before the laser welding system was developed, in-
spection and mechanical testing for bond strength often
ruptured otherwise acceptable spot welds. Such tests
were necessary because welds created by the resistance
welding system were completely hidden and could not
be inspected visually. However, laser welding produces a
highly visible, shiny nugget on the terminals that reduces
inspection to a simple visual check. Studies show that
an appreciable nugget almost always indicates a strong
weld. Reliability is even further increased by making
two welds on each tab.

Circle 160 on Inquiry Card

DC&AS BRIEFS

Data Acquisition Systems Use
Desktop Computers as Controllers

Research and development of process control systems
as well as monitoring of transducer parameter mea-
surements, testing of production devices, and analysis
of phenomena are all feasible with a data acquisition
system announced by Hewlett-Packard Co, 1507 Page
Mill Rd, Palo Alto, ca 94304. This diversity of appli-
cation exists because the user has a choice of three
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FPS Expands the Scientific Universe
of PDP-11 Apphcatlons e :

200 x INLRFASE
o IN THROUGHPUT +

SIMULATION

{ IMAGE PROCESSING

FPS MAKES GREAT COMPUTERS BETTER

The FPS AP-120B Array Processor ' : ;

sdarein

cvengreater data handhng capabihihies,
The
nally synchronous
parallel data paths

A great contribution to technology, the
DEC PDP 11*, but at can’t give
«ulnplllullnnul powet rc-«lnll'ml lor many
scientilic apphications. That's why FPS
developed the AP 1208 Array Processor,

you the FPS architecture 1s no secret, Inter

operation and seven
provide unequalled

and pro

Hundreds of FPS Array Processor
use today by people who want to retain
the hands on control and altordability of
a minicomputer system, bul require the
exceplional throughput of a large main

grammabihity.

The AP 1208 Array Processorn

cconomical minie omputer systems the

qives

|‘\l|‘||n|u|||u||'y u»ln]mlullnnul powet ol
large scientific computers, For example,
an AP 1208 has been used in a PDP 1134
system to reconstruct and analyze com

Without the AP

hime data How.

Controlled by

‘»ln‘x (|I(|l||l| LI

cost perlormance,
Programmable
also enable exceptional features
as direct control ol dise

simple
from a FORTRAN program in the PDP 11,

or other host computer,

I«']I‘llvllll\'.
1O unity frame for their apphcation.
Find out how this new power in comput
ing (typrcally under $50K complete) can
benelit your application. For
mformation and an FPS Array Processor
the reader
number or coupon below. For immediate
sultation, contact Floating Point

S h
storage and real
more

calls

subroutine

brochure, uge response

FPS Array Pro

1208, the task would take more than two cessors can be programmeaed by selecting con:

hours, With the AP 1208, 1t takes less routines from the extensive FPS Math Systems directly.

than thirty seconds that's a 240X Library. by writing new routines o “"‘ "‘I  faqisler I trademarks of Digital
e o

improvement! in the

A PDP 11'70 and AP 120B would olfer

Language., or

relatively
through use of

simple AP Assembly

the AP

FORTRAN Compiler.

The Age of Array Processing Is Here. ..

CALL TOLL FREE 800 547 9677
PO, Box 20489, Portland, OR 97223
TLX: 360470 FLOATPOINT PTI

In Europe & UK: Floating Point Systems
7 Rue du Marche, 1204 Genove
022 280453, TLX: 28870 FPSE CH

Floatlng Point Systems Inc.

SA Lid

Switzerland

1'P5 Sale mnd Seny o Worldwide Boston, Chicage, Dallas Denver, Detioit
Honstaon, Hunstville, Los Angele New York, Odlanda, Oftaowa Philadel) '
Portland, San Frandisco Washinagton, D C International office 1

Tel Aviv (Bastronix, Ltd ), Tokyo (Hakoto Co Lid

Munich, Pari

and FPS Is The Array Processor Company.

I
I Ploase send me an FPS Array Processor brochure I
Lo . |
} | .vm;wl\\—lll"ll"_ :
]
|
oy I o N . :
' My Computer System is My Application i1s |
|
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FORGET HYBRIDS. 12 BIT

“

12 BITS, 12 BUCKS. OUR
NEW AD7541CMOS M-DAC
GIVES YOU EVERYTHING
A CANT

Our new AD7541 is the world’s only true
12-bit-accurate monolithic multiplying
DAC. Its low, low price, only $12 in 1000s, is
big news. But more important is the per-
formance of the AD7541. It offers full
4-quadrant multiplication and guaranteed
12-bit linearity (0.012% over temperature).

The AD7541's inputs are TTL and CMOS
logic compatible. For the AD7541's current
output, settling time is 500 nanoseconds,
typically, 1 microsecond maximum. High
density CMOS and laser wafer trimming of
its onchip thin film resistors are the keys
to the AD7541's high performance, low
power, low price and small size. In addition,
single-chip construction inherently offers
vastly improved reliability over multi-chip
hybrid designs.

Below: unretouched photo of AD7541
and typical DAC80 with lids removed.
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MULTIPLICATION.

1‘
UNLIMITED APPLICATIONS
The 4-quadrant multiplication feature of
the AD7541 M-DAC permits it to function
with both positive and negative variable
references, either AC or DC, without any
circuit changes. This opens up a wide range
of applications for the AD7541 in digitally
controlled gain or attenuator circuits,
synchro-to-digital converters and ratio-

metric low-power converters, as well as
digitally controlled power supplies.




DACS GO MONOLITHIC.

AND LOW PRICE.
The new AD7541 CMOS M-DAC is the world’s
first 12-bit monolithic M-DAC. It's the small-
est and least expensive available and pro-
vides 12-bit resolution with true 12-bit line-
arity. And even if you don't take advantage
of the multiplying capability, at $12/1000s

it still makes a dandy d/a converter. And it's
completely monolithic. For hi-rel applica-
tions, the AD7541 is available from stock
fully screened to MIL-STD-883A, Class B. For
complete specs and information, call Doug
Grant at (617) 935-5565. Analog Devices, Inc.,
PO. Box 280, Norwood, MA 02062.

ANALOG
DEVICES

WAYOUT IN FRONT.

Analog Devices, Inc., Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: (312) 894-3300; West Coast: (213) 595-1783; Texas: (214) 231-5094; Belgium: 031/37 48 03; Denmark:
102) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022/319704; and representatives around the world.
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How to get a jump on the future
In microcomputer design.

Don’t wait for the future. It’s here today
with the 8086, Intel’s advanced new 16-bit
microcomputer. And now there’s SDK-86,
the System Design Kit that
gives you valuable hands-
on experience with 8086
hardware, introduces you
to the “architecture of
the future” and enables
you to begin actual
prototype development
t¢ )d;ly.

Everything you need
to get started is in- 4
cluded, from =
resistors el
and
crystal
to CPUL For
data memory,
there are 2K I\yl(\s
of 2142 static RAM,
with sockets to double that.
And there's room for 8K bytes of
program memory, using cither or both

of the keyboard and TTY/CRT 4K ROM.-

resident software monitors included in the kit

or 2716/2316E EPROM/ROM. Plus theres o

fully-buffered system bus and plenty of

board space for your own prototype Circuitry.
To make it casy to use SDK-86, we've

provided three separate

ways to contre ol the
system and enter
: pl‘();_{l".lllls;lll(l&l;ll;l,

There’s a keyboard with LED display, a
built-in serial communications interface,
and we've provided a cable that connects
the SDK-86 to any
Intellec® microcomputer
development system.

In addition to the 8251A
USART interface, there
are two 8255A program-

mable peripheral inter-
faces, providing up to

48 1/O lines, and an

8279 programmable

keyboard/display inter-
face. You can assemble

SDK-56 in a

day with o

(%
'''''

soldering iron
and a few tools.
N:lllll';l”y, there
are both /\\\('IHI\Iy
and Ulser's Manuals,
plus an 8O86 User's
Manual. The kit is $780
in single unit quantitices.
You can order it, or any 8086
system components from your
local Intel distributor. Or, for data
sheets on our complete 8086 system, call
your local Intel sales office or write Intel
Corporation, 3065 Bowers Avenue, Santa
Clara, CA 95051, Telephone 408/987-8080.

intal delivers.

United States and Canadian distributors: Alliance, Almac/Stroum
Component Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, LA Varah
Zentronics

Europe: Intel International, Rue du Moulin a Papier, 51-Boite 1, B-1160,
Brussels, Belgium. Telex 24814

Japan: Intel Japan, K K., Flower Hill-Shinmachi East Bidg. 1-23-9,
Shinmachi, Setagaya-ku, Tokyo 154, Telex 781-28426
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Automatic data acquisition sys-
tem. Version shown is 3052A
system with 9845S desktop com-
puter serving as controller

system controllers, each with specific computation and
analysis capabilities.

The model 3052A data acquisition system consists
of a 3455A high accuracy/high resolution digital
multimeter (pMM), a 3437A high speed sampling digi-
tal voltmeter (pvM), and a 3495 scanner, in addition
to the controller. Inclusion of the two voltmeters pro-
vides both high speed and high accuracy measurements.
For example, on the 100-mV DMM range, dc measure-
ment rates up to 19 channels/s are possible with
1.4V resolution, while 4500 readings/s can be made
on a single high speed channel with the pvm. By
multiplexing the DvM input with the scanner, as many
as 1000 channels/s can be measured with 100-p.V
resolution and 314 digits.

Accurate, repeatable, low level measurements are
claimed to be possible even in the presence of noise.
A pMM and scanner combination provides >120-dB
effective common-mode rejection to cancel out unwanted
offsets or superimposed noise signals.

Measurements of up to 1 MHz can be made with
the standard ac true rms converter. A programmable
fast ac mode provides an ac measurement rate of up
to 10 channels/s for inputs above 300 Hz. Repetitive
waveforms up to 1 MHz or low frequency transients
below 1 kHz can be digitized by the pvm.

Resistance measurements can be made with either
an easy-to-connect 2-wire technique or more accurate
4-wire method. Multiplexed high resistance measure-
ments up to 15 MQ are possible with the full pmm
accuracy.

The three system controllers are the =P 9825S,
9835A, and 9845S desktop computers. Both the 9835A
and 9845S use BAsic language, while the 9825S uses
HPL. (HPL is similar to but more flexible than BAsic
and FORTRAN. It features multiple statement lines,
multidimensional arrays, and dynamic dimensioning of
arrays.) All three controllers use HP-1B (IEEE-488) 1/0.

Standard memories for the 9825S, 9835A, and 9845S,
respectively, are 23k, 50k, and 62k 8-bit bytes. Memory
on the 9835A is expandable to 246k. The 9825S includes
alphanumeric display and 16-character thermal strip
printer; the 9835A has a crRT display with printing
and character plotting and a 16-character thermal line
printer; while the 9845S features a cRT display with

full graphics, an 80-character thermal printer, and a
dual tape cartridge drive (with 217 bytes/transport).

Relay actuator cards in the scanner enable control,
alarm, and multiple switching functions. Each card
provides 10 dpst contact closures for connection to
external devices.

The system is fully integrated, tested, verified, and
specified with complete software and documentation
supplied. Various subroutine software packages are
arranged in order by the user to suit a particular
application. An “auto-loader” routine configures sub-
routines automatically into a single program and stores
the program on tape for use at any time.

Circle 161 on Inquiry Card

Single Instrument Generates and Controls
Process Yariable Versus Time Profiles

A variable setpoint versus time programmer plus a
3-mode controller have been combined in the model
770011 digital control programmer. This microprocessor
based rackmounted instrument and three other pro-
grammer-only models made up of from one to three
programmers can be used to generate and control pro-
cess variable versus time profiles for applications such
as vacuum and atmosphere heat-treat furnaces, environ-
mental chambers, batch ovens, and kilns. All models
have been introduced by Honeywell Inc, Process Con-
trol Div, 1100 Virginia Dr, Ft Washington, pA 19034.

The programmer/controller overcomes the mechan-
ical problems of typical cam-type and curve-follower
programmers and eliminates the need for separate
programming and control units in a process control
system. It can store up to nine separate programs con-
sisting of up to 200 functions such as ramp or soak

Programmer/controller. Microprocessor based device com-
bines variable setpoint versus time programmer with 3-mode
controlier in single instrument. All inputs are in engineering
units. Other members of instrument family contain one, two,
or three programmers but no controller
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ADVANCED MICRO Get an A in your next design.
DEVICES ANNOUNCES Ask for Advanced Micro Devices
THE AMZ8000. AmZ8000.

Advanced Micro Devices
901 Thompson Place
Sunnyvale, California 94086

We tested every 16-bit micro-
processor family around, and

Z]..lOg,S 28000 came Out flI'St i CBi:\éirTJ?eén A. | mean give me an AmZ8000
By a mile. i Name
It has what it takes to become | Tite
the industry standard: A highly | pulos
flexible, advanced architecture. | Address '
A powerful instruction set. | BB
Large memory addressing capa-
b1htgy Ease of programming. _Adva IIC¢_d
High throughput. Micro Devices
And now it has something
more: Us. l‘:l

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

segments and event switches. Controller output forms
include a choice of current proportional, time propor-
tional, heat/cool, and position proportional. In indus-
trial heating and environmental test applications, a
guaranteed soak function allows the soak to proceed
only when the process variable enters a selectable
band around the setpoint.

Front panel pushbuttons are used to enter, verify,
and edit program parameters. Operator commands for
starting, stopping, and resetting the program can be
actuated either at the front panel or via remote contact
closures. Status-indicating LEDs and displays for pro-
gram and segment numbers, setpoint, time, process
variable, and error codes simplify the programming
procedure. All data are entered directly in engineering
units. Temperatures and ramp rates are set in actual
degrees rather than percentages, and the progress of
each program during entry, running, or verification
modes is displayed in engineering units.

Automatic cycling of the same program for a preset
number of times gives maximum flexibility for environ-
mental chambers. In addition, program parameters can
be changed without having to re-enter the existing
program. Programs are stored in nonvolatile memory,
requiring no battery backup facilities to retain stored
programs during power failure. In the event of power

The Intecolor 8080 Development System Gives
You Total In-House Control. You probably already
realize that an in-house development system
would give you a lot more confrol, flexibility and
efficiency.

You may not realize that now you can afford
one. Our new low-cost 8080 development system
features a 19-inch, 8-color data entry terminal
with an Intel 8080 micro computer. A 110 CPS bi-
directional desk top printer. A dual mini disk drive
and our 2708/2716 PROM programmer. It also
includes a sophisticated ROM-based Text Editor
and Assembler. And as an option, a FORTRAN
compiler with double precision by Microsofte

Call 800/241-9699 toll-free for a demonstration.
(In Georgia, call 404/449-5961.) c

. T

5965 Peachtree Corners East/Norcross, Georgia 30071
Telephone 404/449-5961 TWX: 810-7661581
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failure, the memory holds all program elements and
the program resumes from the point of the failure.
Proportional, integral, and derivative actions can
be provided. Output can be controlled automatically
or manually. Temperature range can be field selected
for Fahrenheit or Celsius by an internal slide switch.
A self-diagnostic program is permanently stored in
the instrument. When this program is run it exercises
all electronics, digital displays, LED indicators, and

pushbuttons, indicating the device to be fully operational.
Circle 162 on Inquiry Card

Solid-State Camera and Processor
Function in Noncontact Inspection Applications

Charge injection device (cIp) technology is the basis
of the TN-2500 solid-state camera announced by Gen-
eral Electric Co, Optoelectronic Systems Operation,
Syracuse, NY 13221. Designed for industrial applica-
tions, the camera is nonmicrophonic, is operable in a
high magnetic environment, and utilizes a sensor that
is said to provide 30% greater resolution than previous
cID cameras. CID technology eliminates problems of
image burn and lag associated with some other imagers,
and provides an antiblooming capability that enables
optimum imaging despite extreme highlights in the
scene. (For a discussion of cips, see Computer Design,
Nov 1977, pp 146-152.)

The camera is made up of two units: a body (elec-
tronics package) and a 3 x 3 x 2.1” (7.6 x 7.6 x 5.3-cm)
remote head unit that can be operated at a distance
of up to 50’ (15 m) from the camera body. It pro-
vides low noise video output signals in both analog
and digital format and requires no operating adjust-
ments.

An associated PN-2303 decision processor segments
the camera’s field of view into electronic windows,
and extracts measurement features from the image in
each window. It then compares the measured features
with predetermined standards of acceptance or rejec-
tion and provides output instructions to the user’s system
control.

Circle 163 on Inquiry Card

Microcomputer System Designed
for Process Monitoring

The cps03 is a self-contained, 3-board microcomputer
system for OEM use in data concentration/process mon-
itoring applications. It is based on an M6800 micro-
processor and incorporates 10 serial communications
lines, three parallel input/output ports, 5k bytes of
RAM, 4k bytes of EPROM, realtime clock, and power
supply.

Introduced by Pichler Associates, 410 Great Rd,
Littleton, MA 01460, the system provides an Rs-232-C
EIA voltage level or 20-mA current loop line signal in
any mix with full asynchronous modem control on any
Rs-232-c line. Under program control, the system ac-
cepts any 5-, 6-, 7-, or 8-level asynchronous code with
or without parity. It features analog 1/0 points as
well as isolated digital 1/0 points, and runs online
self-test concurrently with data concentration.

Circle 164 on Inquiry Card
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Motorola peripherals-doing more so your processor can do more!
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Motorola’'s MC68488 General-
Purpose Interface Adapter, GPIA,
makes microprocessors-
microcomputers |IEEE 488-bus
compatible.

Development of the IEEE Standard
488 instrument bus enabled practical
interconnection and remote
programming or controlling of
multiple programmable instruments.
However, interface between the
microprocessor or microcomputer
and the 488 bus remained a costly
and cumbersome task.

The GPIA provides that interface
simply and inexpensively, and
automatically handles handshake
protocol needed on the instrument
bus. As part of our fully compatible
M6800 Family, it's designed to
operate with all the M6800 micro-
processors and single-chip
microcomputers, but it serves other
microprocessors, too. It's absolutely
unique.

Probably most useful among the
GPIA benefits are features like its
serial polling capability, single or
dual primary address recognition,
and secondary address capability.
There’s so much more: complete
source and acceptor handshakes,
talk-only or listen-only capability,

the eas Iow-cost way
Motorola’s unique GPIA.

synchronization trigger output, and
selectable automatic features that
minimize software. There's plenty
of software to implement your own
features, though, never fear.

Many designers will appreciate the
GPIA’s operation with a DMA
controller, the programmable
interrupts, and RFD holdoff for
prevention of data overrun. As
indicated, although the MC68488 is
a member of the M6800 Family, with
some additional logic it also can
serve non-'6800 processors as the
easiest, least expensive 488 bus
interface. In 25-99 quantities, the
plastic MC68488P is $19.00, and the
MC68488L ceramic device is $21.50.

The GPIA is designed to team up
with our MC3448A standard 488 bus
drivers, to meet the complete
electrical specifications of the IEEE
488 bus. Use it, and we believe
you'll agree, it's the way to get your
instruments on the bus.

Your microprocessors can do more,
because Motorola LSI puts

systems
on silicon.

Our various LS| and VLSI
technologies range across CMOS,
NMOS, LSTTL, and ECL, from single-
bit to 16-bit capability, and provide a
choice among multi-chip, two-chip,

single-chip, and the bit-slice approach.

There'’s a full complement of hard-
ware and software support to make
it all go.

The M6800 Family is the epitome
of our concept for putting your
systems on our silicon. With existing
and soon-to-be available
components, it offers an amazing
variety of complexity and
performance in applications from
controls, to instrumentation, to data
handling and communications.

« Multi-chip microprocessor-based
systems from the MC6800 to the
MC6809 . two-chip MC6802
systems . single-chip micro-
computers and microcontrollers like
the MC6801 and the MC6805.
Everything, including development
and support hardware and software
is fully compatible.

Family memories, RAMs, ROMs,
and EPROMs, a variety of peripheral
control and I/0 chips, and special
purpose components like the GPIA
generate an unmatched synergism.
To ensure that your microprocessors
can do more, we don't just build
components, we put systems on
silicon.

CIRCLE 33 ON INQUIRY CARD

A new brochure covering
Motorola’s total systems-on-silicon
capability is now available. For a
copy, and copies of both the
MC68488 data sheet and our 32-page
IEEE 488 Bus Implementation
brochure, circle the reader service
number or send your written request
to Motorola Semiconductor Group,
P.O. Box 20912, Phoenix, AZ 85036.

MOTOROLA INC.
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Testing may be your most frustrating and
costly production bottleneck. But now, HP
can help you make the rightmove in logic-
board testing. Here’s how the DTS-70 can
help you increase throughput while cut-
ing production and warranty costs.

HP’s simulator-based system, at a
cost roughly equivalent to comparison
testers, increases testing efficiency. It gives

known fault-detection effectiveness. And it provides design feed-
back by analyzing circuits for failure modes and testability before
they’re even built.

ault-diagnosis, under computer direction, quickly isolates
faulty components, part failures with intermittent symptoms, and races.

mpatibility with other HP instruments via the HP-IB* lets

you eas y adapt the DTS-70 to your specific testing requirements.

Independent test-program generation, using a separate
station and the DTS-70’s minicomputer, eliminates a big bottle-
neck by allowing test-program generation while testing is in
progress on the same system.

Expansion capability lets you add up to two more test stations
and up to ten software generating stations as you expand without
investing in additional computing power.

Learn more about HP’s strategy for circuit board testing and
why a simulator-based system can be a more cost-effective
solution. Mail the coupon today or call your local HP field engineer.
* HP’s implementation of IEEE Standard 488-1975.

HP Board Testers—the right decision.

If I
problems have you feelmg llke thls g

Check HP’s strategy.

HEWLETT @7 PACKARD

P.O. Box 60001, Loveland, Colorado 80537

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282

I want to make the right decision now!—Please send me
the FREE brochure describing HP's solution to logic-board testing.

Hewlett-Packard, P.O. Box 60001, Loveland, CO 80537
Name
Title
Company
Address
City/State

Phone
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Temperature Transmitter Provides
Data in Digitized Format

Temperature information from standard industrial
thermocouples and platinum resistance thermometers
is relayed to the computer in a control or monitor
system in digitized format by the model 2600-D digital
temperature transmitter introduced by RdF Corp, 23
Elm Ave, Hudson, N 03051. Device design is based
upon the industry standard 2-wire 4- to 20-mA process

control transmitter, except that data are signal con-
ditioned, digitized, and transmitted in standard Tele-
type® terminal interface format. Specifications include
accuracy of 0.1%, linearized output, compatibility with
digital systems, UART data transfer, fm explosion proof
housing, humidity-resistant construction, low installation
cost, and 0.025% resolution of data. Another model,
2600-E, allows addressing of each individual data point,
minimizing wiring to a large number of data points.
Circle 165 on Inquiry Card

Software Improves
Programmable Controller Time Limiting Factor

CREF14, an addition to the library of utility programs
for the pEc Industrial 14 programmable controller, al-
lows the user to make ladder diagrams without a vrl4
terminal. With CcREF14 (cross reference for Industrial
14), the time limiting factor in producing a ladder
diagram is the output device, rather than the time it
takes to compute the elements of the ladder diagram.
Therefore, an entire ladder diagram can be printed in
a matter of minutes instead of the hours required with
a vrld. In addition, this software product from Process
Control Systems, Inc, 18130 S Thornapple Lane, New
Berlin, w1 53151 will make a ladder diagram for a spec-

ified output or all outputs after and including a specified
output. When multiple circuits are requested, ladder
diagrams are produced either in numerical order or in
order of occurrence in the Industrial 14 memory.

A cross reference feature lists every output circuit in
which the specified input or output is used, whether it
is normally open or normally closed. An optional ex-
tended symbol feature lists both the input/output num-
ber and its symbolic designation if one is assigned.

A minimum organization requires an 0s/8 or 0s/78
system hardware or an 0s/8 partition under RTs-8 with
12k to 24k of memory, and related software. Any ap-
propriate 0s/8 device may be used for 1/0.

Circle 166 on Inquiry Card

Time Sequence Controller Is
Replacement for Mechanical Timer

As many as 256 events with 32 solid-state outputs
are controlled by a device developed by Theta In-
strument Corp, 24 Dwight Pl, Fairfield, Ny 07006. The
model Tsc-1000 time sequence controller stores events
as independent groups of recallable programs. Pro-
gram start addresses are selected through a 3-decade
thumbwheel. Standard time ranges are 999 s or 999
min. Time readout is a 3-decade display of 0.43”

(1.09-cm) high LEDs. Other LEDs on the terminal strip
indicate when a specific output is on. A battery backup
supply automatically provides power to the RAMs for
a 12-h period in case of loss of line power.

A separate sequence entry module with 3’ (0.9-m)
cable can be used to enter control points into the
controller. The model sEmM-256 handheld keyboard de-
vice displays numeral keys, store and increment, store,
clear data, address increment, and reset.

Circle 167 on Inquiry Card

Strip Plating Thickness Monitored
Without Interruption of Motion

Thickness of gold, silver, tin, or other plating on flat
or preformed strip can be measured automatically and
accurately by a system called continuous strip monitor
that does not interrupt motion of the strip. It functions
without operator attention but triggers a signal if plating
is greater or less than preset limits. Two models are avail-
able from upA Technology, Inc, 60 Oak Dr, Syosset, NY
11791: csM-1 for measuring on flat or unformed strip,
and csMm-2 for “preformed” strip.

Thickness measurements are computed by a micro-
processor-based instrument called Memoderm that pro-
vides an alphanumeric printout of all thickness readings
and statistics. The instrument automatically standardizes
itself and stores, in any one of its 15 memory positions,
the precise calibration constants required for accurate,
repeatable, drift free measurement of plating thickness.
In addition, the printer provides a permanent record
histogram of thickness distribution. O
Circle 168 on Inquiry Card
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MDS 2021/2022
CARTRIDGE TAPE DRIVE
-a miniperipheral with big capabilities

We've shed light upon a 3M-compatible*
cartridge tape drive that is in use by
more OEM'’s than any other cartridge
drive. It's simple to see why.

You'll find the flexibility you need for
virtually any digital data handling
requirement. Features like 30 ips
read/write, 90 ips search and rewind,
read-after-write checking, 800/1600 bpi
recording density, and phase or biphase
encoding on 1, 2, or 4 tracks. Storage
capacity per cartridge is up to 23 million
bits. But there’s more to this drive’s wide
acceptance than meets the eye.

Features like interchangeable printed
circuit boards, long-life motor, and initial

low cost have made this unit particularly
suitable for small system integration
where cost/performance, reliability and
serviceability are of utmost concern.

Applications like remote data collection,
data communications, word processing,
POS, and data entry are just a few ways
that these drives are handling data in
thousands of systems today.

To get all the facts on the MDS
2021/2022 Cartridge Tape Drive, mail
the attached coupon, or call us collect
today.

*3M DC300A Data Cartridge

M 3

Mohawk Data Sciences

OEM Division

Palisade Street,

Herkimer, N.Y. 13350

East Coast-Contact: H. Johnson (315) 866-5300
West Coast-Contact: J. Engstrom (714) 772-0803

Please send me information on the MDS 2021/22 Cartridge Tape Drive
Name

Title

Company

Street

City = State Zip

0O I'm in a hurry. Have a representative call me at: (____)

CD1278
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REALTIME PROTOTYPE ANALYSIS
AS A MICROPROCESSOR DESIGN AID

By providing the designer with the ability to build a fully
compatible hardware/software system in progressive stages, this
design tool helps to isolate problems while the prototype operates

at full rated speed

Robert Francis and Robin Teitzel

Tektronix, Incorporated, Beaverton, Oregon

With the proliferation of available microproces-
sors, the designer faces a system development process
that poses severe hardware/software integration prob-
lems. This process revolves around microprocessor
architectural basics. Most functions are stored in mem-
ory rather than being implemented in logic components;
therefore, a design change is effected rapidly and
easily by simply substituting program instructions. In
other words, software emerges as the dominant factor
in overall microprocessor-based system design. More
importantly, software/hardware design becomes a dy-
namic interactive process and integration emanates as
the critical development phase. It is during integration
that the potentially substantial savings in design ef-
fort, time, and cost can be gained.

Without support equipment assistance, however, the
designer encounters unnecessarily complex and time
consuming tasks. If microprocessors are selected on the
basis of manufacturers’ specifications with no way to
perform benchmark tests, the designer may not op-
timally match the best microprocessor to system require-
ments. Designing a customized debugging tool is ex-
pensive, is restrictive in versatility, and does not
guarantee that the microprocessor will run properly.
Also, generating the entire program for a prototype
system runs the risk of mismatch when hardware and
software are exercised together, with no means of
detecting where or why defects occur.

Alternatively, a comprehensive integration equip-
ment, the 8002 Microprocessor Lab, allows the designer

to build a fully compatible hardware/software sys-
tem in progressive stages. This development system
permits detailed investigation of a microprocessor proto-
type and its functional programs, and fully tests all
elements of the overall system design. Microprocessors
that can be analyzed include: 8080A, 6800, Z80, 9900,
and 8085A.

Hardware/software debugging techniques in general,
and realtime analyses in particular, are explored by
describing capabilities of the realtime prototype analy-
zer (RTPA), an integral proficiency of the microprocessor
lab. Primarily useful in the intermediate and final
stages of microprocessor-based system integration, the
RTPA helps the designer to isolate prototype problems
by providing realtime tracings, event comparisons, and
expanded breakpoint capabilities. The prototype address
bus, data bus, and selected system signals can be
monitored simultaneously with the microprocessor exe-
cuting at rated speed. The designer has complete access
to, and control of, internal functions of a prototype
system.

RTPA Functional Description

An interconnected realtime trace printed circuit (Pc)
card, a multiclip-lead test probe, and a data acquisi-
tion interface panel (Fig 1) comprise the analyzer.
The pc card, a special high speed buffer memory, and
the interface panel, a data handling module with
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(BUS)

TO
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BOARD

PROTOTYPE

TRIGGER 1, TRIGGER 2

8-CHANNEL
PROBE

ATA :
ACQUISITION|
INTERFACE |

T

PP EMULATOR CIRCUITRY

Fig 2 Microprocessor lab. Interconnect diagram
shows data acquisition interface, realtime analyzer,
and one emulator probe. RTPA analyzer and eight
lines of input allow monitoring or realtime program
execution on microprocessor prototype

switch selectable transistor-transistor logic (TTL) or
variable input threshold levels (*10 V), are installed
into the microprocessor lab (Fig 2). High input im-
pedance (1 MQ at 5 pF) test probe leads connect
directly to the prototype to obtain eight input data
channels. Acquired data are picked up and buffered
by the test probe, modified by the interface panel,
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and driven to and stored in the realtime trace buffer.
Logic control circuits for effecting the analyzer’s com-
mand set (see “RTPA Command Set”) are also mounted
on the buffer memory card.

When the designer’s program executes, 48-bit data
words (Fig 3) are sequentially acquired from the
prototype and loaded into the realtime trace buffer.
Each data word contains 16-bit data from the address
bus, 8- or 16-bit data from the data bus, 8-bit data
from the test probe extension, 3-bit data identifying
cycle type (read, write, input/output, memory, or
instruction fetch), and 5-bit data used internally to
identify the last start/stop of the emulator processor.
Data are acquired synchronous to the microprocessor
clock. :

The analyzer loads sequential cycles of logic input
until the emulator processor is stopped or the realtime
trace buffer is frozen by a specified trigger. Using
parameters such as A = address bus, D = data bus,
T = test probe, and B = cycle type, two event com-
parators (EVTl and EvT2) located in buffer memory
generate a trigger on any combination of a 48-bit wide
transaction.

Pass (P) and delay counters (C) delay triggering
by n repetitions of an event occurrence, or by n repeti-
tions of a specific count unit. Clock select defines the
parameters in count units of either instruction fetches,
bus cycles, emulator clocks, trace stores, micro-
seconds, milliseconds, event 1 compares, or event 2
compares. Clock select also defines the count units
of the general purpose counter, which times program
execution during a start/stop of the emulator processor.

After event trigger and count values have been
designated, the two event comparators initiate a break
in program execution. These comparators trigger as
independent breakpoints where either or both generate
a break, or they may be combined in the ARM, FRz,
or LIM modes (see RTPA Command Set).
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RTPA Command Set

Command (Definition)

BIF (Break if)

CNT (Count)

DRT (Display realtime trace)

EVT (Event)

RTT (Realtime trace storage)

Parameter (Definition)

ARM (Arm trigger)

FRZ (Freeze buffer)

LIM (Limit trigger)

Function

Set or clear break options
established for event trigger

Set or display count units and
values
Display RTT buffer contents

Set or display event com-
parator trigger options

Select type of bus transactions
to be stored

Fuﬁction

If EVT1 occurs, then trigger
or break on EVT2

Freeze RTT buffer with EVT1
trigger. Break emulation with
EVT2 trigger

All conditions of EVT1 and
EVT2 must be true at same
time before trigger or break
occurs

&
Ee 0
FIRST WORD STORED e
MSB 16 ADDRESS BITS LSB| IDENT
23 87 3 2 0
SECOND WORD STORED
‘) EXTEBNAL
MSB 16 DATA BITS LSB\ PROBE
| DATA
23 8‘7 0

Fig 3 Prototype data word. Data storage format
is 48-bit word with 43 bits of pertinent data. De-
pending on microprocessor prototype, either 8 or
16 bits of data are stored. Bus operation data
indicate which cycles are responded to

LooP

Fig 4 Source code for
Register A (accumulator) is used as counter.
Program is used to demonstrate timing func-
tions shown in Fig 5

START OF TIMING LOOP

CLEAR ACCUMULATOR

COUNT TO 256 BY COUNTING BY 1

AND DETERMINE IF FINISHED COUNTING
END OF LOOP

8080 timing loop.

Through two connectors located on the acquisition
interface panel, the event comparators also generate
an external trigger pulse to a logic analyzer or oscillo-
scope, allowing the designer to troubleshoot circuitry
during program execution while maintaining debugging
control through the microprocessor lab.

Execution Time Capture

In a typical procedure for the 8080A microprocessor,
the analyzer is set to capture the execution time be-
tween two specified program addresses. A simple timing
loop is programmed that repeatedly executes a no-
operation (NoP) instruction (Fig 4).

The timing routine is constructed to measure the
time interval in microseconds between initiation of the
loop cycle and the first occurrence of a NOP instruction
output. Various analyzer commands and mode param-
eters allow effective determination of how long it takes
this piece of code to execute.

Event comparators EvVTl and EVT2 are invoked by
the event (EVT) command. These comparators trigger
to halt program execution and to stop the realtime
trace. A trigger may be generated on any specified
data occurrence in the address bus, data bus, test probe
input, or instruction cycle type. In this application,
the two event comparators trigger on two addresses:
address location of the initial loop NoOP instruction
(Evrl A = 02) and address location of the second
Nop location (EvT2 A = 06).

Activated to ensure acquisition of data pertinent to
the measurement, the break-if (BIF) command sets
break parameters for the two event comparators. These
parameters specify whether the two comparators are
used as independent breakpoints, or together to enable
a breakpoint on a specific event combination. For in-
stance, the ARM mode parameter works as an “If, Then”
break condition—if EVTl occurs, then break on EVT2—
thereby limiting the analyzer timing function to a par-
ticular section of program execution. The ¢NT command
invokes the general purpose counter and specifies count
units—in this application, U for microseconds. When
EVT] occurs, the general purpose counter counts in
microseconds until halted by the occurrence of EVT2,
thus accomplishing the realtime measurement of pro-
gram execution.

After the timing routine has been programmed, the
6o command is activated to start program execution;
all analyzer commands are programmed through the
microprocessor lab console. Then, the analyzer monitors
prototype activity synchronous to the microprocessor
cycle, loading sequential cycles of data into the high
speed memory buffer. When Evrl (address = 02) is
triggered, the ARM break parameter is initiated, and
the timing function begins. With the occurrence of
EVT2 (address = 06), timing is stopped, and a break-
point is activated as indicated on the console CRT
(Fig 5).

When a break in program execution takes place,
up to 128 bytes of the most recent program bus trans-
actions are retained in the analyzer memory buffer.
Display commands allow a portion or all of this buffer
content to be displayed on the console crT. By utilizing
the DRT command, all analyzer buffered transactions—
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address location, data, probe input, and control bus
data—are displayed (Fig 6). If the transaction is an
instruction fetch, this instruction is also disassembled
into the appropriate mnemonic.

The c¢NT command is again activated to display the
current count value, allowing determination and dis-
play of an accurate time measurement of 01619 us

(Fig o).

Flexible Triggering and
Break Logic

An analyzer procedure for an 8080A microprocessor
illustrates how flexible breakpoint triggering can be used
to monitor a specific portion of prototype execution.
In this procedure, analyzer commands are implemented
to invoke a memory range routine that effectively moni-

> DEB

CNT U <— COUNT IN MICROSECONDS

i |

> EV 1 A*82+— START COUNTER WHEN PROGRAM ENTERS LOOP
(INSTRUCTION LOOF INR A)
> EV 2 A=86<— STOP COUNTER WHEN PROGRAM LEAVES LOOP
(INSTRUGTION NOP)

BIF ARM <— BREAK PROGRAM EXECUTION

Fig 5 Timing functions. ‘
Analyzer triggering and
counter commands needed \
to time, in microseconds,
the loop code of Fig 4 are \
listed. Execution time be-
tween occurrence of ad- |
dress 02 and address 06 is |
measured I
I

MNEM OPER SP
8
9006 BREAK

<

0 0 0 0 0 O WV OB

> DRT 18
ADOR DATA MNEMONIC EXTERNAL
29 feeese8e
INR A 0oG00008
JNZ 80000000
000800000
[LEEEEET]
INR 20000800
JNZ eeee0ee0

XXX XTT XD
] "

89 NOP 96000000, M R £

ADDR DATA INSTR DATA BUS
BUSC"PUS EXECUTED FROM  CYCLE

7 PROBES  TYPE
COUNT=01619 USEC

8 |

RF RA RB RC RO RE RH RL
NOP 0000 56 00 00 20 80 00 00 08

Fig 6 Timing loop execu-
tion. DRT 10 command
causes last 10 traces in
realtime trace buffer to be ‘
displayed. Event 2 trigger |
occurs when address 06 is
accessed. COUNT indicates
that 1619 us have been
spent in loop
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tors a particular section of program activity. This rou-
tine (Fig 7) stops program execution whenever the
program attempts to read from, or write into, a speci-
fied range of memory.

With the EVT command, the two event comparators
are set to define the boundary addresses of a specific
memory range. Relational operators are available to
qualify an event trigger as greater than or equal to
(>), less than or equal to (<),* or equal to (=)
any specific bit equality. Thus, by setting EVTl A >
107 and EVT2 A < 109, the analyzer will generate
a trigger on any memory address between 107 and
109, inclusive.

Through the BIF command, conditions are set on
which a break in program execution is initiated. By

ORG 100H i LOCATE PROGRAM AT 100 HEX

NOP ; DO NOTHING INSTRUCTION

NOP :

NOP ;

NOP 3

JMP  SKIP  ; BRANCH AROUND DATA
DATA BYTE oFBH i DATA LOCATED AT LOCATION 107

BYTE oFBH ; DATA

BYTE oFBH ; DATA LOCATED AT LOCATION 109

ORG  10A ; LOCATE NEXT PORTION OF PROGRAM AT 10A HEX
SKIP  NOP ; DO NOTHING INSTRUCTION

NOP

LDA  DATA ; LOAD A DATA ITEM INTO REGISTER A

Fig 7 Do-nothing program. Written in source code
appropriate to 8080, program demonstrates capabilities
used in Fig 8

activating this command’s LIM break parameter, a break-
point will occur only if the conditions of Evrl and
EVT2 are met simultaneously. In this manner, the
program continues to execute as long as the specified
range of memory is not accessed. ‘

After the range routine has been programmed through
the lab console with all desired parameters, program
execution is activated with the co command. The
analyzer monitors program activity around the speci-
fied memory range and, as displayed on the crT, a
breakpoint will occur when an attempt is made to load
data at address 107.

The analyzer automatically acquires and stores data
in a pretrigger format. By using the prr (display)
command, up to 128 byte transactions (stored in buffer
memory) that occurred prior to the initiated breakpoint
may be viewed.

To view data in a center- or post-trigger format,**
the delay counter (C) must be programmed in the
EVT command. Clock select sets the delay counter to
any one of the eight available count units. By imple-
menting the delay counter as Evrl A > 107 C = 5,
and the clock select as cNT trace stores (T), the trigger
is delayed by five trace stores. This then enables a
post-trigger position of five for the breakpoint in the
analyzer trace buffer. If a center-trigger position is
programmed into this application program, the final
buffer contents are also displayed (Fig 8).

*Note that > and < are implemented as = and =

=

respectively.

*#In post-trigger format, up to 128 byte transactions that occurred
after the breakpoint may be viewed; in center-trigger format,
up to 64 byte transactions that occurred prior to the breakpoint
and up to 64 byte transactions that occurred after the breakpoint
may be viewed.

L

5 DRT .
DATA MNEMONIC EXTERNAL
NOP 90000000

NOP 88000800

JHP 20000090

¥ oeopeee

82000000

NOP 80680000

NOP 80800000

LD& ©90800080
20000009

86000006

28082000

20000808

28000080

80000008

06080008

88900098

=

AATTARXXIXAX XXX XD
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@2 FB 00 00 00 80 0@ 00

Fig 8 Display of realtime
trace buffer. Program flow
should always branch
around data. RTPA com-
mands (a) EVT1 A > 107
C =5, (b) CNT T, (c) EVT2
A > 109, and (d) BIF LIM
cause break in program ex-
ecution if data are ac-
cessed. Breakpoint occurs
five trace stores following
initial trigger point at ad-
dress 0107
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Fig 9 Ackerman’s function
ACK (M, N) for 6800 pro-
cessor. If M = 0, then
fimn) = N + 1. If N = 0,
then F(m,n) = F(m-1, 1);
otherwise, F(m,n) = F (m-1,
F(m,n-1))

Memory Hardware Examination

To illustrate the procedure for examining memory hard-
ware to isolate a stack overflow problem in memory
consider an application program® that contains Acker-
man’s Function (see Ralston), a highly recursive sub-
routine that requires large amounts of stack storage
(Fig9).

The program is written for the 6800 microprocessor,
and the assembled listing (Fig 10) indicates both the
instruction sequence and the memory configuration.
Memory addresses 300 to 3FF** are allocated to main
program instruction, addresses 400 to 418 to subroutine
instruction, and addresses 419 to 500 to stack storage.
When this program is executed, an overflow problem
occurs due to the highly recursive nature of the sub-
routine. Program flow is disrupted when data being
loaded onto the stack overwrite memory where pertinent
subroutine instructions reside. To isolate this problem,
the analyzer monitors program activity within the mem-
ory range containing the subroutine data.

With the address bus (A) parameter, the two event
comparators are set to define the limits of the desired
memory range. The first is set to trigger if address
bus data are less than or equal to 418 (Evrl A <
418), and the second to trigger if address bus data
are greater than or equal to 400 (Evr2 A > 400).
This range ensures that the analyzer will generate a
trigger when access is made to any address between
418 and 400, inclusive.

Since this application concerns a stack overflow
problem, triggering conditions are further limited to

*The program used is from “Class Notes on Data Structures,”
Naising Deo, Washington State University, Fall 1974.
**All memory addresses are in hexadecimal notation.

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031

0028 M EQU 40

0028 N EQU 40

0300 ORG 300H
0300 BEOS00 START LDS # STACK
0303 8628 LDA A # M
0305 cé28 LDA B # N
0307 BD040O JSR ACKER
030A 01 NOP
0308 01 NOP
030C 7E0300 JMP START

0400 ORG 400H
0400 8100 ACKER CMP A #0H
0402 2602 BNE ACK 1
0404 SC INC B
0405 39 RTS
0406 C100 ACK1 CMP B #0H
0408 2606 BNE ACK 2
040A 4A DEC A
0408 C601 LDA B #01H
040D 8DF1 BSR ACKER
040F 39 RTS
0410 36 ACK2 PSH A
0411 SA DEC B
0412 8DEC BSR ACKER
0414 32 PUL A
0415 4A DEC A
0416 BDE8 BSR ACKER
0418 39 RTS

0500 ORG SO00H
0500 0001 STACK WORD 1

END

SET M EQUAL TO 40 (DECIMAL)
SET N EQUAL TO 40 (DECIMAL)

START PROGRAM AT LOCATION 300 HEX

INITIALIZE STACK POINTER
LOAD A & B REGISTERS

CALL ACKERMANS FUNCTION

LOCATE ACKERMANS FUNCTION AT 400 HEX

IF A=0

THEN SET B=B+1
RETURN
OTHERWISE; IF B=0

THEN SET A=A-1

SET B=1

CALL ACKERMANS FUNCTION
RETURN

OTHERWISE; SAVE A ON STACK
SET B=B-1

CALL ACKERMANS FUNCTION
RECALL OLD A FROM STACK
SET A=A-1

CALL. ACKERMANS FUNCTION
RETURN

STACK AREA ENDS AT LOCATION 500 HEX

Fig 10 6800 macro assembler listing
of program for Ackerman’s function. On
entering function, M is in register A
and N is in register B. On exit from
routine, register B contains result (B
= F(m,n)). Since function is a recursive
algorithm, variables are temporarily
stored on stack
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> DRT 28

A00R DATA MHEMONIC EXTERNAL
9407 98 28000009
@488 26 BME 20000000
9409 @6 82008
9484 4R 28008
9408 C6 deaedeee
948C 80000
@480 8D BSI 28090008
240E 90000008
9418 8
0417 8008
@408

=
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eaee0008
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Fig 11 Display of analyzer
buffer contents. Initial trig-
ger point, stack overflow,
and trace of following in-
structions are indicated.
Stack overflow occurs at
location 0418. As defined
by commands, 10 post-trig-
ger traces have been stored
in the trace buffer

the occurrence of memory write instructions only. This
limitation is accomplished by the EVT command’s instruc-
tion cycle type (B) parameter. By designating B = MW
(break on memory writes only) as an additional quali-
fier for both event comparators, a trigger will be gen-
erated only when an attempt is made to write data
within the specified memory addresses.

The analyzer automatically acquires and stores data
in a pre-trigger position. In this application, however,
program activity is viewed following the initial trigger
point. To do this, a triggering delay must be imple-
mented with the EVT command delay counter (C)
parameter. In this case, triggering delay is set as 10
(C = 10). Then, with clock select, the value of the
delay counter is set equal to trace stores (cnT T).
This procedure ensures that the analyzer will continue
to acquire data after the initial trigger occurrence,
and will enable a post-trigger position of 10 trace
stores (Fig 11).

After triggering specifications have been determined,
the BIF command designates the conditions on which
a break in program execution is initiated. For this
application, BIF LIM is implemented. This mode param-
eter specifies that a breakpoint will occur only if the trig-
gering conditions of EVTl and EVT2 are met simultane-
ously.

By using triggering and break logic in this manner,
a localized monitoring routine is devised that will iso-
late the stack overflow problem. The two event com-
parators define the monitoring range, with triggering
dependent on memory write instructions only. Further-
more, with delay counter and clock select, triggering
is delayed to enable a post-trigger acquisition of 10
trace stores. Then, to ensure capture of pertinent data,
the LM break parameter specifies that a break in
program execution will occur only if all triggering
conditions are met.

With the ¢o command, program execution and real-
time trace are initiated. The analyzer monitors program
activity synchronous to the processor cycle, and loads
sequential cycles of data into the realtime trace
buffer. When stack overflow occurs, data are pushed
into the memory area containing subroutine instruc-
tions, and the event trigger is activated. Because of
the designated trigger delay, program execution con-
tinues for 10 additional trace stores before a break-
point is generated. Next, the DRT display command
is used to specify that the last 20 transactions, including
the 10 post-trigger traces, be displayed as shown in
Fig 11.

The sequence of events shown in Fig 11 depicts the
initial trigger point—a memory write instruction changes
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> G0 @

LOC INST  MNEN
2038 C3 PUSH
8038 BREAK

> DRT 15

ADDR DATA MNEMONIC SXTERNQL

0862 FF
9245 @@
0248 62
8938
8247
8246
0939
9245
0244
8834
8243
924z
818 PUSH B
9241
8248

OPER SP RF RARB RC R
B 9240 S6 OF 00 20 8

D RE RH RL
2 08 92 40

o~

EEDEEVEEVEEDEX VD

2800008
11111111
11111111
11111l
11118181
111101081
11110101
11108181
111801081
11100101
11e1e1e1
11e19181
11818101
i1gee181
119680101

F
<— STACK OVERFLOW

AXTTIXTXIXAT TR XXX NG

-— INTERRUPT OCCURS
] PC STORED ON STACK

F =— INTERRUPT ROUTINE Fig 13

Instruction by in-
struction trace. After trace
of portion of program shown
in Fig 12, breakpoint in-
formation and last 15 trans-
actions stored in realtime
trace buffer are displayed
at system console. Trans-
actions show occurrence
of interrupt and point of
stack overflow at address
0240

STACK
DSPPTR
CURPTR
ADDR
TEMP
DIGCNT
MODE
SPSAVE
DSPDATA

Fig 12

source code indicates designer’s error in
setting stack location (ORG 024AH). Stack
space should have been assigned to begin

ORG 024AH
eaqu’

BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK

Qm»—-—mwmma

0OCK
END

Source code

at address 10FFH.

;0UT DISPLAY POINTER
1KB DISPLAY POINTER
KB ADDRESS FOR DSPLY
iKB NUMBER TEMP

;KB COUNTER

;KB MODE OF OPERATION

6

error. Segment of
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data located at address 0418. Two solutions to this
problem would be to either increase memory stack space
or, perhaps more feasible, substitute a less recursive
algorithm.

Program Instruction Problem

A second application example demonstrates a pro-
cedure for tracking down an overflow problem in
memory. The program for this application is interrupt
driven; ie, an 8080A microprocessor has been pro-
grammed to respond to external signals.

Assume that while coding this program the designer
made an error that effects the memory configuration.
Main program instructions are allocated to memory
addresses 0000 to 023F, and stack space is intended
to begin at address 10FF (Fig 12). In the ORG state-
ment that sets stack location, however, the designer
has entered an incorrect operand (024AH) that moves
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stack storage space directly below program data, ad-
dress 024A. This error is shown in the segment of
original source code.

When the program is tested with prototype hard-
ware, difficulties arise due to the initial programming
error. Program flow is disrupted at random since, when-
ever an interrupt occurs, data being loaded into the
stack are, in effect, overflowing into main memory.
To isolate this problem, program activity during an
actual interrupt sequence must be monitored. With
the analyzer command set, a routine is implemented
that will allow capture of a snapshot view of software
and hardware functional elements leading up to the
overflow problem.

With the analyzer EVT command, the conditions on
which a trigger is generated are specified. For this
application, only one of the two event comparators
is needed. It is set to trigger if address bus data are
less than or equal to the upper address limit of stack
storage. By designating EvTl A < 240, a trigger will
be generated if access is made to any address located
beyond the intended stack space, thus limiting trigger-
ing conditions to the section of memory that contains
main program instructions. The event trigger is further
qualified as to the type of instruction being executed.
Using the instruction cycle type (B) parameter, a
trigger is generated only when the attempt is made
to write data within the designated memory addresses.
By implementing B = MW with the event command,
triggering conditions are limited to the occurrence of
memory write instructions only.

With triggering conditions defined in this manner,
the BIF command is implemented to ensure capture
of pertinent information. Since only the first event
comparator is used, this command is set to generate
a breakpoint on the occurrence of Evrl. Thus, a break
in program execution will take place immediately if
the event trigger is activated.

Through manipulation of analyzer commands, a
routine is developed that will isolate the stack over-
flow problem. First, using only one event comparator,
a trigger will be generated if data are written into
any address located outside the intended stack space.
Then, by designating an immediate breakpoint, the
capture of program activity leading up to the overflow
problem is ensured.

After analyzer commands and parameters have been
programmed, the G0 command is activated to start
program execution. The analyzer traces prototype
activity in real time, monitoring the specified address
locations for any occurrence of a memory write instruc-
tion. When the prototype hardware generates an inter-
rupt, the 8080A microprocessor responds to this signal,
and data are pushed into stack storage. When the
interrupt call is executed, a stack overflow problem
occurs almost immediately.

For this application, the DRT command displays the
last 15 transactions stored in the realtime trace buffer

(Fig 13). This display shows initial trigger occurrence,
a memory write at address 0240, and the sequence
of events that preceded the overflow. It is easy to
locate the point at which an interrupt is called, and
further analysis indicates that data have been loaded
too close to the main program. Therefore, the stack

space needs to be increased; that is, moved from 024AH
to 10FF.

Summary

In many hardware/software integration applications,
the RTPA has proved to be an efficient support aid to
the designer of a microprocessor based system. The
tool allows the designer to evaluate prototype ac-
tivity through an accurate measurement of execution
time, center in on a particular area of program execu-
tion without spending hours single-stepping through
complex software code, view many aspects of software
and hardware states while the microprocessor operates
at full speed, and capture realtime signals external
to the microprocessor to analyze the relationship of
the microprocessor to outside events. Several application
procedures emphasize the system’s dynamic capabilities
and how they can be used to enhance the hardware/
software interaction process of microprocessor system
design and development.
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STACK.

Now...Harris offers the most
advanced family of high-speed
IV/A Converters in the industry.

Recently Harris introduced the HI-562. The first D/A Con-
verter to combine high-speed performance with true 12-bit
accuracy.

Now we've outdone ourselves. With two new high-speed
models. The HI-5610, 10-bit. And the HI-5612, 12-bit. The most
advanced line of high-speed, high-performance D/A Con-
verters in the industry today.

e Faster, more accurate than any existing monolithic circuit.

e Less expensive, smaller than competing hybrids and modules.

e With laser-trimmed nichrome resistors for added accuracy
and stability.

Now Harris provides you with a prime source to meet your
most demanding data conversion design needs: A/D con-
verters, CRT graphic displays, process control systems,
precision instruments, data acquisition systems or communi-
cation terminals.

Need speed? The new HI-5612 is the fastest 12-bit D/A
Converter on the market today.

Want superior performance? These devices are the only
fast D/A converters to have feedback and gain setting re-
sistors included internally.

And now, we give you economy, too! The HI-562 is available
at a new low price, making it price competitive with run-of-
the-mill devices that can’t touch it performance-wise. Which-
ever you choose, you get fast settling time, excellent linearity,
low gain drift, and each device is fully monotonic over
temperature.

Available in 24-pin DIP, all three models operate on +5V
and —15V supply voltages and +10V reference.

Check out our new fast stack...then call the Harris Hot
Line today. Or write: Harris Semiconductor Products Division,
P. O. Box 883, Melbourne, Florida 32901.
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- SUPER SCHOTTKY

We made Schottky faster-acting
and easier to take.

Until now, to get Schottky speed, you had to live with certain design head-
aches. Heavy power consumption and noise sensitivity, to name a couple.
But those days are over. Fairchild has made a whole Schottky TTL

logic family called Fairchild Advanced Schottky TTL. Or, FAST. It delivers
upto 75% more speed
than Low Power
Schottky. Up to 20%
more speed than
Schottky. With only
25% of Schottky's
power requirement.

High-potency logic. ™"
So now you can
drive more circuits
with less power. And
put the power you
save to work some-
where else. But the
best part is, FAST
extends the life of your
TTL logic designs and
equipment by cutting ]
the difference between Schottky and 10K ECL fo almost nothing. And with
FAST, there's no need to learn a new logic system.

FAST gives you external gafe
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Yet, as revolutionary as FAST is,
it's proven. It's manufactured using Fairchild's patented, time-honored
Isoplanar process. You can depend on it.

Thebasic ingredients.
These nine FAST parts are available now, with many more familiar
functions coming soon. To get FAST facts,

just call toll-free (800) 227-8158 or T ———
(800) 982-5805 in California. Or, contact

your Fairchild sales office, distributor or FAIRCHILD
representative. Fairchild Camera and Instru-

ment Corporation, PO. Box 880A, Mountain

&®
View, CA 94042. TWX: 910-379-6435. CCI“ usonit.
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INTEGRATING PERIPHERALS INTO
PROCESSING SYSTEMS

Diversified integration of peripherals into a processing system

can be approached from the point of dedicated hardware to a
particular controller function, dedicated software requiring only I/0
lines, or a combination of both with a partially dedicated CPU

and enough software to customize the I/O device functions

Reinholdt J. Eufinger

Rockwell International, Anaheim, California

Of three design approaches to the integration of
peripherals into processing systems—dedicated hard-
ware, dedicated software, and a combination of the
two—the first is usually fastest in speed of execution.
Reading or writing a disc file can be accomplished
by setting direct memory access controller pointers to
the data and issuing a start command. An interrupt
circuit is another example, since this function is per-
formed totally in central processing unit hardware.
With the total hardware approach, very little software
is required to perform relatively major tasks. To be
economical, high volumes are needed for such dedicated
custom chips, for which no second sourcing is likely.
However, if high volumes are the case, the dedicated
hardware approach would be least expensive.

In the total software control approach, general
purpose input/output (1/0) chips perform universal
interface functions by customized programs. For ex-
ample, the chips are used in handshake operations to
indicate incoming or outgoing data; however, the soft-
ware uniquely defines their functions. Although the
total software approach can be implemented quickly—
in several days usyally, compared to weeks or months
for dedicated hardware—it is probably the slowest of
the three approaches in speed of execution. Cost is
normally small, especially if unused capabilities exist
in the system, such as memory or 1/0 lines. Other-
wise, incremental hardware must be purchased, such

as extra memory. Implementation of this approach is
feasible in low volumes.

Between the total hardware and total software ap-
proaches lies a broad area in which standard central
processing units (CPUs) are customized with software
to perform peripheral integration functions. A second
cpu would relieve the main cpu of the peripheral
control burden, thus permitting more sophisticated pro-
grams to be executed by the main cpu. The expense
of this approach depends on particular circumstances,
and implementation may be in low volumes.

Methods of Data Transfer

The need for transferring data and information exists
regardless of the method of 1’0 control. Peripheral
interfaces require data transfer between the main cpuU
and the peripheral device. The following methods of
transferring data and control from the main cpU to
the peripherals should be considered.

Normal software operation—Peripherals are polled
in sequence by the cpPu for service needs, and indi-
vidual inputs are switched. The advantage is that the
CPU program is totally in control of the sequence of
events. This makes for simple programming. The service
sequence is fixed by the program. The disadvantage
is that a high speed device must wait its turn in the
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polling sequence while other devices are serviced. Total
time around the loop must be short enough to handle
the high speed device requirements, which may not
always be possible. This method may be used to control
status lamps, selection switches sensed only at power
on, and other devices with low service requirements.

Programmed 1/0 handshake operations—When the
CPU outputs data, it also causes a control pin to be
set, which indicates that data are available in an
output register. The addressed peripheral senses this
control signal, accepts the data, and signals this
acceptance on a second control line. This method is
faster than the normal software operation because the
additional hardware takes over the task of determining
whether or not the data transfer is complete. The
1/0 device and cPu are synchronized, and both run
at a speed determined by the slower of the two. This
method can be used for applicable response time and
data transfer speeds to implement many medium speed
devices, such as printers or alphanumeric displays, or
for intersystem communications.

Interrupt driven—In general, the peripheral generates
an interrupt signal to the cPu, causing the cPU to
stop processing and to execute an interrupt service
routine. Using this service routine, the cPU reads the
data, processes them, and then returns to the inter-
rupted task. Faster than the first two, this process
allows the servicing to be ordered by the peripheral
devices. However, more hardware usually is needed,
and the programming may be complex. In general,
it is used where response is required on an irregular
basis, eg, with card readers, since the card must be
read as it moves through the read station. In other
words, immediate service is required because the card
is read “on the fly.”

Direct memory access (DMA)—In general, access to
peripherals is handled easily through a pmA controller,
significantly lightening the burden on the cpu. This
approach is the fastest, since the cpu does not partici-
pate in the data transfer. The controller is in charge
of data transfer, and since that is its only task, it
can be built for speed. It should be able to run at
the access time of the memory, which is five to ten
times faster than if the cPU were to make the transfer.
The main disadvantage of this approach is the in-
creased cost of the pmMA controller. It is an additional
part in the system and may increase the complexity
of the memory interface.

A novel application of pmaA is an N-key rollover
function for an encoded keyboard. Key stacking is per-
formed via the pmaA by assigning a block of memory
to the keyboard input and pointing the controller to
the beginning of the block. A 1000-key rollover is put
into operation by assigning a variable length stack
and using DMA to access the storage locations. After
the cpu has processed the keys, it moves the DMA
controller pointer back to the beginning of the key
stack.

In the real world, combinations of all four methods
of data transfer may be used together to implement
an 1/0 device control. An example might be a floppy
disc controller, where the normal software operation
or programmed 1/0 handshake would be used to load
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control registers. The pMA method would be used for
data transfer, and the interrupt driven 1/0 would be
used to signal completion of the operation and need
for a new command. Realtime requirements of this
device may entail the combined use of these methods,
as well as its increased cost.

Total Hardware Approach

Dedicated hardware control for peripheral integration
is a collection of logic gates specifically designed to
provide a particular data transfer function. The crT
controller (which controls the timing for scanning,
displays, etc) and the floppy disc controller are dedi-
cated hardware. In general, they must be parts that
will experience high usage at high speed, and have a
well-defined task. In some applications, it may not be
possible to determine from the functional specifications
whether a controller is dedicated hardware or a pro-
grammed cpu. Fig 1 is a block diagram of a floppy
disc controller that represents the dedicated hardware
approach.

Custom hardware is expensive and requires a lead
time of six to nine months to produce. However, it
provides the fastest form of peripheral integration and
requires the least amount of software. The primary
reason for designing new hardware controllers is the
time factor of cPU loading. In many instances, the speed
(throughput) of cpu technology does not permit the
interface to be handled in software, even with a dedi-
cated cPu. A dedicated hardware approach, for a given
technology, is faster because the hardware takes ad-
vantage of the custom data path and parallelism of
the hardware controller, but does not require the in-
struction fetch time. Only execution time is required.

Hardware is selected over software processing be-
cause of the software complexity required to simulate
some logic functions. If program size exceeds the
memory space available in a single controller or mi-
croprogrammed chip, a new hardware design is justi-
fied. If the hardware controller under consideration
already exists, the capabilities of the cPu may be
extended through use of dedicated hardware to control
the peripherals at minimum cost.

As microprocessors become faster and more powerful,
the gap between the total software and total hardware
approaches is closing. More realtime physical phe-
nomena are now falling within the range of programmed
control. A dot matrix printer controller is an example
of total software control by programming. Another
example is the counting loop in an R6500 n-channel
microprocessor.

An example of dedicated hardware, a 1-MHz up/
down counter, has been placed on a pps-4/1 chip
and runs essentially in parallel with the microproces-
sor. A quadrature input mode allows this counter to
be used for many industrial control applications with-
out additional logic. Typical applications may use an
optical encoder, such as numerically controlled ma-
chine tools. This chip with the counter may also be
used in scales and other weighing devices, or in
counting or speed/position controlling operations in
industrial applications.
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time is required during actual data transfer

Fig 1 PPS floppy disc controller. Dedicated hardware approach is demonstrated by controller
implemented with fixed logic. It controls formatting, error check address comparison, and data
transfer between PPS-8 microprocessor memory and IBM 3740 formatted floppy disc. Oper-
ation is performed in parallel with normal CPU operation so that only 12.5% of system
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Total Software Approach

In a total software approach, a main CPU program
is responsible for the peripheral control task, and
only general purpose 1/0 lines are needed [Figs 2(a)
and (b)]. Generally, the software approach is used
for functions that are relatively slow and simple, like
those involving human interaction with the microproces-
sor, such as operating a keyboard.

If only output switching is required, the cPu could
perform the task in the same amount of time that it
would take a dedicated controller. However, for most
tasks, several instruction fetch and execution operations
are required, each taking several cycles. The software
approach also generates a high load on the cpu time,
and software must be written for the main cpu.

The software approach is the lowest cost approach,
especially if unused RoM and 1/0 pins exist. General
purpose 1/0s, such as parallel interface adapters
(p1as) and serial channels, have nonspecialized func-
tions at low cost. These devices are produced in high
volume, and nonspecialization allows for small die
size.

Very short lead times are provided by the software
approach. Depending on the control, it may be pos-
sible to write a software routine and debug it in a
matter of hours, if off-the-shelf peripherals and existing
memory can <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>