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Universal Tape Controllers

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

e Embedded design.

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

e 12.5t0 125 ips, any two
speeds.

e NRZ and PE formats.

Universal Disc Controllers

e Software compatible for
PDP-11 & NOVA.

e Embedded design.

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

e Upto 20 mb per drive.
e Media compatibility.

“trade name ot Digital Equipment Corp
**trade name of Data Genetal Corp




Series 7000.
Hottest disk in Town.

Kennedy announces the second generation of it’s fixed Because of it's small size (8.5” x 16.5" x 5.25") it is

disk drives. Series 7000 is an 8", random access possible to mount 2 drives horizontally or three drives

Winchester Technology drive designed for mini and micro vertically in a standard 19” rack.

computer users. Series 7000 is the red hot, low cost answer to reliable,
Series 7000 is available in one, two or three platter high performance data storage and collection. It's mini in

versions, with the data capacities of 4, 12 and 20 size, micro in cost and mighty in performance.

megabytes. Track density is 300 TPI; maximum seek time
is 100 msec. . KENNEDY
Series 7000 features NRZ-MFM dataermd./m Subsidiary, Magnetics & Electronics Inc

circuits and daisy chaining of up to four drives. 1600 Shamrock Ave., Monrovia, CA. 91016
b Fe (213) 357-8831 TWX 910-585-3249

Magnetics &
Electronics, Inc.

KENNEDY +* QUALITY e COUNTON IT
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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

Tally Corporation is a member
of the Mannesmann Group.

e P00 T

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) 251-5524.
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BIT SLICE TECHNIQUE MINIMIZES

MICROCONTROLLER COST/COMPLEXITY 105

by David Hooley

Bit slice control elements exhibit performance, architecture, and cost
advantages over small scale control logic in a digitally controlled
measurement process

ADD-IN CACHE MEMORY DOUBLES

MINICOMPUTER PROCESSING SPEED 115

by Ronald N. Monroe

Cache memory design accommodates dual bus architecture of a
minicomputer CPU so that most fetch requests are handled by add-in
cache for significantly higher processing speed

LS| CHIPS EASE IEEE STANDARD 488 BUS INTERFACING 123
by Ronald M. Williams

GPIB peripheral pair implemented in LS| chip set simplifies the
design effort and reduces overall cost of coupling a microprocessor
based system to the IEEE Standard 488-1978 interface bus

THERMAL PRINTHEAD TECHNOLOGY AND DESIGN 134

by William Boles

Three current thermal printing technology concepts are examined in
arriving at an advanced thermal printhead design

CONFERENCE

MIDCON 100

New concepts in high technology electronics provide the focus of
this year’s Midcon, covering such areas as microcomputer, micro-
processor, memory, and control trends and applications
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Both! The Microline 80 is all business when it comes to Geoffrey Knight, Jr.
performance. It will run all day at 80 characters per ,

second. There are no duty cycle limitations! With a tiny e
seven pin head that weighs less than three ounces, it anaiih Aasaclite
coolly and quietly produces letter perfect upper and Sidney Davis

lower case characters on standard paper in both 80 and Business Manager
132 column formats. David C. Clommo

\Iilicg Presl'i'deéltigaleﬁ
It's all pleasure when you get to reliability and price. The b SN

Microline 80 carries a one year head warranty and a

price tag that matches its unbelievably small size. You EdBelisl & Srecatie Difices
can change from friction to pin to tractor feed multi-part ygle(tglnh'\ggst}ggfg

forms almost as fast as your program can change " (617) 646-7872
character spacing, line spacing and printing style—via

your choice of microprocessor-controlled Microline 80 Lo -0 s s i W

interfaces. 11 Goldsmith St., Littleton, MA 01460.
For details on the preparation and
submission of manuscripts, request a

Call or write today for the name of your local Okidata SO T TEoee ey e Mer's
distributor! You'll find it's a pleasure to do business with '
Okidata.

Computer Design is published monthly.
Copyright 1979 by Computer Design
Publishing Corporation. Controlled cir-

culation postage paid at Pontiac, il
f No material may be reprinted without
permission. Postmaster: CHANGE OF
ADDRESS—FORM 3579 to be sent to

Computer Design, Circulation Dept., P.O.

Okidata Corporation Box iA, Wltncl:lestsezr‘i OOM/_\ %1%92. gub-
111 Gaither Drive scription rate is 4 in US.A.,, Can-
ada and Mexico, and $40.00 elsewhere.
Mount Laurel, New Jersey 08054 Microfilm copies of Computer Design are
Telephone: 609-235-2600 available and may be purchased from
University Microfilms, a Xerox Company,
300 N. Zeeb Rd, Ann Arbor, MI 48106.
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ONE-BOARD PDP-11 SMD CO
SOFTWARE COMPATIBLE...A FIRST!

Dataram’s S33 interfaces Digital Equipment Corporation’s (DEC®’s) PDP-11 series to a wide
selection of SMD (storage module drive) and Winchester type disk drives. The S33 emulates
DEC’s RM02 and is fully software compatible with RM02 diagnostics and RM02-supporting
operating systems. Up to four drives per S33 controller, almost 300 MB of disk storage. The
microprocessor-based S33 controller has 2 KB of data buffering, multiple sector transfers, and
built-in self-test capability. And media compatibility with DEC’s RMO02 drive. All this and
amazingly packaged on one DEC hex board...the only controller to make this claim!

One-board means you need only one hex SPC slot. One-board means easy insertion and
optimum air flow. :

One-board with its attendant features of minimized interconnections and low component count
means lower power, complete accessibility, higher reliability...and best of all, lower cost.

If you're interested in one of our one-board S33 controllers, or a whole bunch of them, we’d like
to hear from you. If you operate in the LSI-11° world, still contact us. Our LSI-11 cousin of the
S33 is on the way.

DEC. LSI-11 and PDP are registered trademarks of Digital Equipment Corporation

V‘F DATARAM
\N| corPORATION

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512
TEL:609-799-0071 TWX:510-685-2542
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| CALENDAR |

CONFERENCES

OCT 30-NOV 1—CAD/CAM VIl at Auto-
mated, Integrated, Factory of Tomorrow
Conf, Cobo Hall, Detroit, Mich. INFORMA-
TION: Jeff Spire, SME Technical Div, PO
Box 930, Dearborn, MI 48128. Tel: 313/
271-1500, X405

OCT 30-NOV 1—Interface West, Anaheim
Convention Ctr, Anaheim, Calif. INFORMA-
TION: Interface Group, 160 Speen St, Fram-
ingham, MA 01701. Tel: 617/879-4502

NOV 1 AND 15—Invitational Computer
Conf, Cherry Hill, NJ; and Southfield, Mich.
INFORMATION: B. J. Johnson & Assoc,
2503 Eastbluff Dr, Suite 203, Newport Beach,
CA 92660. Tel: 714/644-6037

NOV 5-7—Asilomar Conf on Circuits, Sys-
tems and Computers, Asilomar Hotel and
Conf Grounds, Pacific Grove, Calif. INFOR-
MATION: Donald E. Kirk, Naval Postgrad-
uate School, Monterey, CA 93940. Tel: 408/
646-2081

NOV 5-8—Computer Software and Applica-
tions Conf (COMPSAC), The Palmer House,
Chicago, Ill. INFORMATION: Dr William
Smith, Bell Laboratories, Naperville, IL
60540. Tel: 312/690-2389

NOV 6-8—Federal Computer Conf, Shera-
ton-Park Hotel, Washington, DC. INFOR-
MATION: Federal Computer Conf, PO Box
368, Wayland, MA 01778. Tel: 617/358-
5181

NOV 6-8—MIDCON, O'Hare Convention
Ctr and Hyatt Regency O'Hare, Chicago,
[1l. INFORMATION: Dale Litherland, Elec-
tronic Conventions, Inc, 999 N Sepulveda
Blvd, El Segundo, CA 90245. Tel: 213/772-
2965

NOV 9-11—Midwest Small Business and
Consumer Expo, O'Hare Exposition Ctr, Chi-
cago, |ll. INFORMATION: Louise Garciq,
1453 Rio Rancho Dr SE, Rio Grande, NM
87124. Tel: 505/897-1971

NOV 14-16—Micro and Mini Computer
Conf, Astro Village, Houston, Tex. INFOR-
MATION: Dr Sam Lee, School of Electrical
Engineering and Computer Science, U of
Oklahoma, 202 W Boyd, Norman, OK 73019.
Tel: 405/325-4721

NOV 18-21—Micro 12, Hershey, Pa. INFOR-
MATION: Harry Hayman, Micro 12, PO
Box 639, Silver Spring, MD 20901. Tel: 301/
439-7007

NOV 26-29—Data Communications Sym and
Tutorial, Asilomar Conf Grounds, Pacific
Grove, Calif. INFORMATION: Kenneth J.

Thurber, Sperry Univac, U2U19, PO Box
3525, St Paul, MN 55165. Tel: 612/456-
3806

NOV 26-29—Internat’l Telecommunications
Energy Conf (INTELEC), Sheraton Park
Hotel, Washington, DC. INFORMATION:
R. H. Jones, ITT North Electric, PO Box 688,
Galion, OH 44833. Tel: 419/468-8525

NOV 27-29—Nat’l Telecommunications Conf,
Shoreham-Americana  Hotel, Washington,
DC. INFORMATION: John N. Birch, Dept of
Defense, 3311 Marlbough Way, College Pk,
MD 20740. Tel: 301/935-0684

DEC 3-5—Internat’l Electron Devices Meet-
ing (IEDM), Washington Hilton Hotel,
Washington, DC. INFORMATION: Sarah M.
Cooper, Courtesy Assoc, Inc, 1629 K St, NW,
Suite 700, Washington, DC 20006

DEC 10-11—Internat’l Sym on Mini & Mi-
crocomputers in Control, Galt Ocean Mile
Hotel, Ft Lauderdale, Fla. INFORMATION:
The Secretary, Computers in Control Sym,
PO Box 2481, Anaheim, CA 92804. Tel:
714/774-6144

DEC 10-14—IEEE Computer Society Tutorial
Week, Hotel Del Coronado, San Diego, Calif.
INFORMATION: Tutorial Week 79, PO Box
639, Silver Spring, MD 20901

DEC 12—Computer Networking Sym, Nat’l
Bureau of Standards, Gaithersburg, Md. IN-
FORMATION: Harry Hayman, PO Box 639,
Silver Spring, MD 20901. Tel: 301/439-7007

JAN 7-10—ATE Seminar/Exhibit, Pasadena
Convention Ctr, Pasadena, Calif. INFORMA-
TION: Karen Knope, ATE Seminar/Exhibit,
1050 Commonwealth Ave, Boston, MA 02215,
Tel: 617/232-5470

JAN 23-25—Internat’l Microcomputers, Mini-
computers, Microprocessors (IMMM)—Japan
‘80, Harumi Exhibition Ctr, Tokyo, Japan.
INFORMATION: Industrial & Scientific
Conf Management, Inc, 222 W Adams St,
Chicago, IL 60606. Tel: 312/263-4866

JAN 30-FEB 1—MIMI‘80 Asilomar (Inter-
nat’l Sym on Mini & Microcomputers), Asilo-
mar Conf Grounds, Pacific Grove, Calif. IN-
FORMATION: The Secretary, MIMI‘80 Asilo-
mar, PO Box 2481, Anaheim, CA 92804. Tel:
114/774-6144

FEB 13-15—Internat’l Solid State Circuits
Conf, Hilton Hotel, San Francisco, Calif.
INFORMATION: Lewis Winner, 301 Almeria
Ave, Coral Gables, FL 33134. Tel: 305/
446-8193

FEB 19-22, 26-29, AND MAR 5-7—TechEx
America, Europa, and Asia, Atlanta, Georgig,
USA.; Copenhagen, Denmark; and Singa-

pore, Republic of Singapore. INFORMA-
TION: Dr Dvorkovitz & Assoc, PO Box
1748, Ormond Beach, FL 32074. Tel: 904/
677-7033

FEB 25-28—COMPCON Spring, Jack Tar
Hotel, San Francisco, Calif. INFORMATION:
Harry Hayman, PO Box 639, Silver Spring,
MD 20901. Tel: 301/439-7007

MAR 4-6—Internat’l Zurich Sem on Digital
Communications, Zurich, Switzerland. [IN-
FORMATION: Prof P. E. Leuthold, Eidgenos-
siche Technische Hochschule Zurich, Institut
fur Hochfrequenztechnik, Sternwartstrasse 7,
Zurich, Switzerland

MAR 24-28—Eurocon’80 (European Conf on
Electrotechnics), Stuttgart, Germany. IN-
FORMATION: Prof Dr W. E. Proebster,
IBM Deutschland GmbH, Postfach 80 08 80,
D-7000 Stuttgart 80, Germany

SEMINARS

NOV 1 AND 2—NC Machine Control Main-
tenance Sems, Holiday Inn/Airport North,
Dallas, Tex, and Airport Marina Hotel, Los
Angeles, Calif. INFORMATION: Elaine Skott,
Numerical Control Soc, 1800 Pickwick Ave,
Glenview, IL 60025. Tel: 312/724-7700

NOV 7-9, JAN 14-16, AND MAR 3-5—Mini-
computers and Distributed Processing Sem,
Miami, Fla; San Francisco, Calif; and Wash-
ington, DC. INFORMATION: Heidi E. Kap-
lan, Dept 20NR, The University of Chicago
Conf Ctr, 360 Lexington Ave, New York,
NY 10017. Tel: 212/953-7262

SHORT COURSES

3-Day Microprocessor Course, Assembly Lan-
guage Program for Microprocessor, Micro-
processor Seminar, Fiber Optics, and Com-
puter Automated Measurement & Control.
INFORMATION: Vincent J. Giardina, Mgr
of Continuing Education, 445 Hoes Ln, Pis-
cataway, NJ 08854. Tel: 201/981-0060,
X174

DEC 10-12—Project Management for Com-
puter Systems, Chicago, IIl. INFORMATION:
University of Chicago, Center for Continu-
ing Education, 1307 E 60th St, Chicago, IL
60637

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least three 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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THE DSD 440.
TOTAL DEC RX02
COMPATIBILITY,

AND MORE.

The DSD 440 is the only alternative to the DEC RX02 that’s

100% software, hardware and media compatible with

LSI-11, PDP®-11 and PDP-8 computers, including those
with extended memory. It can be configured as an
RX02 for DEC double density or IBM 3740 single
density recording, or as an RX01 for backward oper-
ating system compatibility.

MORE

A 512-byte hardware bootstrap is built into all
PDP-11 and LSI-11 interfaces. It loads system software
automatically from either single or double density
diskettes. Extensive self-testing is DIP-switch select-
able with the ““Hyperdiagnostics” that run without being
connected to acomputer. The low profile 5'a-inch DSD 440
features write protection and diskette formatting.

FASTER

The optimized DSD 440 microcode increases system throughput
when using the RT-11 foreground/background monitor. In partic-
ular, the DSD 440 with an LSI-11 runs fill and empty buffer opera-
tions 20% faster than an RX02.

FOR LESS

The DSD 440 is the RX02 compat-
ible flexible disk system that combines
high performance and advanced fea-

Data Systems Design, Inc.
3130 Coronado Drive,

tures with fast delivery...at alower price.

For further information, call or write Data Sant(iocgl)a;:é_c939525051
Systems Design today. A data sheet and TWX 910-338-0249
price I|§t will be forwarded to you Eastern Reglonal Sales:
lmmedlately. (617) 329-5730
® Trademark of Digital Equipment Corporation TWX 710-348-0563
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LETTERS TO THE EDITOR

To the Editor:

I must object to the technical errors
contained in the article “Comparing
Architectures of Three 16-Bit Micro-
processors” (by Henry A. Davis, pp
91-100) in the July issue of Computer
Design.

In particular, the first paragraph
on page 97 of that issue makes this
statement regarding the 8086: “The
actual address—called the physical ad-
dress—is formed by adding a 4-bit
effective address to a 16-bit segment
register, resulting in a 20-bit address.”
Where the author got this idea is not
clear. Compare his statement with the
correct statement from Intel’s mcs-86
User’s Manual: “Bytes or words with-
in a segment are addressed using 16-
bit offset addresses, or effective ad-
dresses (Ea), within the 64k-byte
segment. A 20-bit physical address
is constructed by adding the 16-bit
offset address to the 16-bit segment
address with four low-order zero bits
appended [to the segment]. That is,
they are left-shifted four places.” The
author also makes another peculiar

statement within that paragraph:
“. .. the code segment usually begins
at FFFFF;q to handle the reset vec-
tor.” Since FFFFFH is the end of max-
imum memory directly supported by
the 8086, it appears that the author
is suggesting that a code segment be
placed in never-never land. The fact
of the matter is as follows: after the
ReSET pin has been held high, the
processor sets cs = FFFFH and IP =
0000H so execution will begin at
FFFFOH.

Furthermore, this author failed to
point out an important basic fact of
8086 memory addressing. Since the
16-bit segment address is shifted left
4 bits before being added to the off-
set, there are actually 216 possible
segments within 1M bytes of memory;
ie, a segment boundary occurs every
16 bytes. This fact confuses 8086
novices who think there are only 16
possible segment values, 1 for each
64k memory page.

Edward Arold
STC Communications Corp
Broomfield, Colo

The Author Replies:

The errors pointed out by Mr Arnold
crept into the paper during the edit-
ing and revision of over 60 typed
pages of original manuscript, and are
entirely my responsibility as its au-
thor. Since the paper provided as fair
a comparison of the three processors
as possible within the space limita-
tions and was not intended as an
exhaustive treatment of each proces-
sor, the omission of the final details of
8086 memory addressing does not
strike me as serious.

Henry Davis
American Microsystems, Inc
Santa Clara, Calif

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460

’ »
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RAM Tamer

Intel’s new 8202 RAM controller makes

dynamic memory behave like static.

Good news for microprocessor Now our 8086 16-bit micro- Failsafe refresh is assured.
system designers. Now you can processor, able to address a full Internal refresh is done at the
take advantage of the density and ~ megabyte of memory, has created  correct refresh rate for the specific
economies of dynamic memory a new class of microcomputer memory device involved. Regard-
with all the convenience and applications where the traditional less of processor state, refresh takes
design simplicity of static RAMs. advantages of dynamic RAM place on schedule. External refresh
You'll reduce component count look even more attractive. —a CPU command to perform
quurfolg ,kciut p};)wer diss(iipation Per  Performs all system control. a rs}flr.e(:isclll—”pe;’mi}tls synchronized
nig It]e:en ot or better and save The 8202 providesll sysem or “hidden” refresh, too.

g B , , support needed to control and Design flexibility.

Just design in Intel’s new single e 16K b The 8202 interfaces direct]

ehin 8207 dynamic RAM con- refresh up to ytes e interfaces directly to
of 4K the 8080A bus, to the demulti-

troller. It unburdens the CPU of
all refresh and address clocking
and provides all bus multi-

plexed 8085A bus and to the
demultiplexed 8086 bus. Eight

plexing required to inter-
face with 4K and 16K
RAMs and Intel’s 5V only
16K 2118, too.

Another labor-saving device.

Intel’s family of 28 micro-
processor peripheral devices
all help designers avoid the
time, cost and complexity of
custom interface and control
logic.

8202’s can be grouped in an 8086
maximum mode system to provide
control and addressing for a full
megabyte of dynamic RAM.

To order any of the 28 Intel®
peripheral interface and control
components, contact your dis-
tributor. Or for more information
on them and the 8202 dynamic
RAM controller, write Intel
Corporation, 3065 Bowers
Avenue, Santa Clara, CA

That’s just what the 8202 95051.
does. It a total solution; it
handles all the arbitration,
refresh and clocking required
by dynamic memory and does it
regardless of reset or DMA transfers

and without asking the CPU to

intal delivers.

Europe: Intel International, Brussels, Belgium. Japan:

1 1 1 Intel J , Tokyo. United Stat d C. dian distributors:
relinquish the bus. And it does oo o, Al S, CHgonoT
all thiS Wlth one 40fpm blpolar dynamic RAM or 64K bytes ()f Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

2 . Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
component. 16K dynamic RAM in your 8085A LA Varah and zentronics.

Designers have always been systems. For 8086 systems, the
attracted to dynamic memory for 8202 output drives up to 128K
the highest density and power bytes—as many as sixty-four
sensitive applications. 16K RAMs.
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COMMUNICATION CHANNEL

VIDEOTEX AND TELETEXT SYSTEMS

J. W. Hughes

Associate Editor

s ome enthusiasts in the field, while admitting that
“videotex” and “teletext” are not, presently, household
words, anticipate that they or some trademarked de-
rivatives may become as common as the terms “tele-
phone,” “radio,” and “television.” These system con-
cepts are not exactly new, but technological advances,
especially those that have made available the low cost
large scale integration chip, and thereby an economical-
ly feasible decoding system, have brought their realiza-
tion into the realm of practicality for broader applica-
tions. Videotex and teletext systems are undergoing
increasing interest, scrutiny, and promotion. These sys-
tems are designed to display a wide variety of useful
information on the screen of a television set located
in the home or at a business office, using different
transmission media as carriers.

Teletext is a l-way broadcast system that transmits
digitally coded information, inserted into the lines in
the vertical flyback interval of the Tv signal, that
carry no picture information. Pages of text and rudi-
mentary graphics, selected by the broadcaster, are sent
in a cyclically repetitive manner. At the receiving end,
a viewer operated decoder selects the pages of par-
ticular interest, using frame-grabber techniques.

Videotex, on the other hand, is an interactive, on-
demand data retrieval service that uses the switched
telephone network as a transmission medium to display
on the receiver screen information requested by the
user by means of an appropriate keypad.

British Systems

Probably the most advanced implementation of teletext
and videotex systems is to be found in the United King-

10

dom. By way of historical interest, the teletext system
arose from efforts by the British Broadcasting Company
(BBc) and the Independent Broadcasting Authority
(1BA) to accommodate digitally encoded alphanumeric
data on field flyback television lines. Two teletext
services resulted: cEeFax (“see facts”) from BBC, and
ORACLE (optical reception of announcements by coded
line electronics) from 1BA.

Concurrently with these developments, work being
carried out by the British Post Office (BPo) on View-
fone led to further investigations into using the narrow
band dial-up telephone network for transmission of
the same type of digital information, and using the
home television (Tv) receiver as the display. These
investigations led to the development of the Viewdata
system, now known as Prestel.®

CEEFAX, ORACLE, and Prestel are off and running in
Britain. Standards have been adopted that allow user
access to all services, since the memory, character
generator, and display unit of the decoder are common
to them all. The standards have established a 960-
character display page of 40 char/line by 24 lines. Char-
acters are in a 5 x 7 matrix, upper and lower -case,
with effectively identical character codes. There is a
choice of seven colors. Table 1 highlights and com-
pares the features offered by the three services.!

Three major organizations participate in the Prestel
service: BPO, which manages the computer system and
the communications network; information providers
(1ps), independent organizations supplying the data
base with information pertinent to various fields of

*Prestel is the registered trademark of the Bro videotex service.
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ADVANTAGE:
FLEXIBILITY

Another way the Model 730 aces the competition!

Centronics’ Model 730 miniprinter shatters the rules of
the game. Greater flexibility than any printer is one of
the reasons why.

APPLICATIONS FLEXIBILITY Now you can meet
a wide range of applications requirements with just a
single printer: the Model 730. Payroll checks on pre-
printed continuous forms. Inventory listings on fanfold.
Direct mail on company letterhead. General informa-
tion on roll paper... and change from one to another
quickly.

INVENTORY FLEXIBILITY Model 730's versatility

means no more costly inventories of limited-use printers.

Stock only one set of spares. One set of service tools.
Train to service only one highly reliable machine.
INTERNATIONAL FLEXIBILITY To make your over-
seas marketing easier, international models of the 730
can print 96 character U.S., British, French, German,
Italian, and Swedish/Finnish. Available in all
standard international power
requirements.
Here are more reasons why the
Model 730 is the newest sensation
on the circuit.

Its simple design ensures reliability. Combine that with
an attractive purchase price and you have a very low
cost of ownerlship.
Although it's surprisingly affordable, Model 730
sets new quality standards. Its 7x7 dot matrix produces
crisp, clean characters, and its quiet, compact, and
stylish design makes it welcome in any environment.
Best of all, because of Centronics’ manufacturing
capabilities, volume delivery is assured.
ADVANTAGE:MODEL 730 Model 730 leads the way
to a whole new era. Naturally, it’s from the leader: Cen-
tronics. No other company can match our strong serve
in performance, selection, and value. And every Cen-
tronics printer is backed by one of the largest world-
wide service organizations of any independent printer
company.
On flexibility, features, price, and support, the Model
730 is a clear winner. For more information on
products or employment opportunities,
please write or call today: Centronics
Data Computer Corporation,
Hudson, New Hampshire 03051
(603) 883-0111.

Tigerine
T e s,
g zsi,fé:x,,
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KYNAR"gives you another advantage.

CHEMICAL
RESISTANCE.

KYNAR PVDF was bomn to handle
solvents and corrosives in chemi-
cal plents. You get that protec-
tion in KYNAR wire insulation.
Resists UV and nuclear
radiation, too. Get full
information. Write KYNAR,
Pennwalt Corporation,

Three Parkway, Philadelphia,
PA 19102. Or call (215) 587-7514.

)= [MENNWALT

CHEMICALS @ EQUIPMENT
HEALTH PRODUCTS

®KYNAR is a registered trademark of Pennwalt Corporation
for its polyvinylidene fluoride.
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interest; and the TV manufacturers who supply video-
tex /teletext-compatible receivers.

Prestel operates over the 4-kHz bandwidth telephone
network. Data are transmitted from computer to termi-
nal at 1200 bits/s and on the return path at 75 bits/s.
Standard 1200/75-bit/s limited distance modems are
used, since operation is normally over short local net-
work distances. This allows the modem to be inte-
grated into the terminal and enables a simple plug
and jack connection to the network. Where longer dis-
tances from the data bank are involved, separate stan-
dard modems may be needed.?

The system is accessed by a 12-digit keypad. Dial-up
is programmed into the terminal, so no conventional
“phone call” is necessary. With the Tv set turned on,
the local Prestel center is called by operation of a
keypad button. Another button calls out a master index
of main headings of available information. The viewer
is guided by means of a “tree search” routine, which
narrows the displayed information from the broad to
the particular, by selecting via the keypad one num-
bered item from each frame on the tree until the
required information is received. Where location of the
desired page is known in advance, such as through a
printed directory, direct access may be made, bypassing
the tree search procedure.

Charges entailed by the user are on a per page in-
formation access basis, determined by the 1p. This access
may, in such cases as advertising or corporate image
promotion, be free. There is a charge for normal
local telephone usage. A page-handling charge covers
system management costs. Charges are keot low com-
pared to conventional timesharing and database access
rates in order to insure the attractiveness of Prestel
to a mass market, and to achieve the economies of
scale that are essential to the success of the system.?
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PELERE

ANTIOPE

ANTIOPE, the French teletext system, is an acronym
for “I'Acquisition Numerique et Télévisualisation d’Im-
ages Organisées en Pages d’Ecriture,” or paraphrased
as “digital signal processing conversion to printed page
images on home Tv sets.” It was developed at the
Television and Telecommunications Research Center
(ccerr) and has undergone field trials on the TDF
network. It is currently implemented on two kinds of
networks, the data broadcasting network bpmon, and
public switched telephone and data networks.*5 ANTIOPE
is designed to give a broadcast, interactive, or mixed
service, depending on the transmission medium.

The ANTIOPE system, while not nearly as advanced
in implementation as Prestel, has such interesting fea-
tures as an advanced communications protocol, a non-
synchronous communications transmission scheme suited
to all Tv formats: pAL, sEcaMm, and Ntsc (Table 2).
The associated interactive system TITAN conforms to
the same protocol.

Figure 1 shows a functional block diagram of the
system. Composed and edited “magazines” (pages of
related information) are converted into digital form,
stored in a computer or floppy disc, and cyclically
transmitted to a multiplex system (pmon) where the
data are separated into packets of 32 bytes and in-
serted into the free scan lines of the Tv signal. Bit
frequency is 397 times the line frequency, 6.203 MHz
for France or 4.2 MHz for nt1sc systems. Each packet
is preceded by an 8-byte header: two for clock run in,
one for framing synchronization, and five Hamming code
protected bytes, as follows: three for source identifica-
tion, one for packet continuity check, and one for the
packet format.

KYNAR"gives you another advantage.

CUT-THROUGH
PROTECTION.

KYNAR PVDF wire insulation
gives you excellent abrasion
and cut-through protection
even though you may pay
less for KYNAR than other
fluorinated plastics. Get full
information. Write KYNAR,

Pennwalt Corporation, -/
Three Parkway, Philadelphia,
PA 19102. Or call (215) 587-7514.

)= [MENNWALT

CHEMICALS ® EQUIPMENT
HEALTH PRODUCTS

®KYNAR is a registered trademark of Pennwalt Corporation
for its polyvinylidene fluoride.
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MICROWAVE LINK

receiver

v
v DIDON t VIDEO OUTPUT v NPUT(RGB & SYNC)
A RECEIVER
DATA oy ANTIOPE
SOURCE il DECODER
: i
: :
I
OTHER NETWORKS DIGITAL Y
e — e T T —— |NTERFACE KEYPAD

Fig 1 ANTIOPE system. Devices for editorial processing, layout, and updating of material are
connected to data source, essentially minicomputers storing digital information. DIDON data handler
inserts pulses from source into picture signal. At receiver, DIDON receiver strips data from video
signal. When keyboard selects desired page, corresponding data are translated by processor in de-
coder into displayable characters, stored in decoder page memory, and displayed on screen. Inter-
face unit permits data reception from other networks (interactive) or retrieval of data from DIDON

The system can be expanded to use the full Tv chan-
nel when the station is off the air in order to transmit
large quantities of additional data which can be coded
for proprietary access by special interest groups. By
lowering the data rate to accommodate the transmission
channel, ANTIOPE signals can be sent over telephone
lines or ¥Mm radio stations.

Telidon

This is the Canadian videotex system developed at the
Communications Research Centre (crc) of the Depart-
ment of Communications. Telidon is a public access
information system, said to be a “second generation”
approach to the design of videotex systems, that pro-
vides improved graphic images, and a method of de-
scribing images in the data base that is independent
of terminal design and transmission media.$:7

Both Prestel and antTiopPE are fixed format, character
oriented systems that produce rudimentary graphic im-
ages in an “alphanumeric” pattern on the display. In
the European 625-line systems this display comprises
24 rows of 40 characters, or 960 character spaces,
while in North America the 525-line system accommo-
dates 20 rows of 40 characters for a character space
area of 800. Images are built up in these spaces from

14

specially identified coded graphic characters, pieced
together as individual sections of a complete image,
as in a mosaic. This technique makes it impossible to
send higher resolution images without knowing the
display capabilities of the terminal; also, data bases
might have to store many versions of each image in
order to suit advances in terminal technologies and
to satisfy a demand for improved graphics.

Telidon meets these problems by using a method of
describing images at data banks that is independent of
access arrangements at the central computer, of the
communications medium, and of display terminal con-
figuration and capability. The system incorporates a
concept known as picture description instruction (PpI)
codes.

pp1 codes describe images in terms of commands to
draw geometrical primitives such as line, arc, rec-
tangle, and polygon at specific positions in the overall
picture. The format enables sufficient resolution for
monitors capable of displaying up to 960 x 1280 pic-
ture elements, or about four times that required for
television screens. Practically all images can be de-
scribed by seven basic instructions which are contained
in 8-bit bytes. One bit is for parity to conform to current
standards for data transmission. A shift-in (s1) com-
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“Finally, a flat cable as tough as me:

“One visit from my Spectra-Strip rep convinced
me that their Spectra-Guard™ extruded jacketed
cable is my kind of flat cable.

All the benefits of planar. Plus the toughness
of an extremely flexible extruded hide —er,
jacket—that’s perfect for all my cabinet-to-
cabinet wiring.

Both the cable and jacket are flame-retardant
and Ul listed to 105°C and 150V. The cable —
flat, twisted pair or Twist ‘N’ Flat®—is
available gray or color coded, with or without
EMI/RFTI shielding. And the outer jacket is
easily removed for mass termination using
any of the Spectra-Strip IDC connectors.

When things get hot around here, I even
have Spectra-Strip or one of their value-
added distributors provide terminated

© Spectra-Strip 1979

”»

and tested i

jumpers Nt
and custom

assemblies,

and does that

ever save time and money!

So if you've been trying to dig up a reliable
source for your planar cable, IDC connectors and
assemblies, I strongly recommend that you write
Spectra-Strip, 7100 Lampson Avenue, Garden Grove,
CA 92642, telephone (714) 892-3361.

In the East, call (203) 281-3200.

Tell them you want to see how tough

they are’

When you're down to the wire
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RECEIVER

R.G.B.
VIDEO
OUuTPUT
CIRCUITS
[ Fig 2 Telidon terminal with bit-map
. : memory. Terminal can display photo-
graphic-like, as well as alphanumeric
%ol'mon mGHEI:ON and graphic, images. Terminal inde-
RESOLUTION IMAGES pendent PDI codes must be interpreted
before contents of display memory are

generated. Therefore, microprocessor
is included to generate display memory
DATA INPUT code

MICROCOMPUTER
PDI

-—
REQUESTS INTERPRETER

DISPLAY GENERATOR

RAM AND

ROM
INPUT BUFFER PROGRAM

COMMUNICATION LINE
TO HOST COMPUTER

KEYPAD
OR PDI
KEYBOARD MODEM CODES
MODEM OR
TELETEXT OR
BOTH
T A BN L o A
gﬁl.ev»snon | :
|| VIDEO TERMINAL ’ VIDEOTEX
s 1R CONTROLLER TRERTEnY | INTERFACE
| : | UNIT
(G "8 B 3 T O S it ) Tl DOy 1o R A0 2.4 DA Al |
RGB OR
COMPOSITE
VIDEO SIGNAL
BASE BAND VIDEO
ANTENNA
CABLE e CABLE OR
CONVERTER AIR SIGNAL FROM
HOST COMPUTER

Fig 3 Block diagram of typical Telidon terminal (Norpak Ltd). PDI codes are in firmware. Facilities are
provided to draw points, areas, polygons, arcs, text, and bit- or run-length encoded pictures. Data, text,
and commands are embedded in 7-bit ASCIl code
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mand changes from graphic to text mode, and shift-out
(so) back to graphics. A subset of the ppr code may
be used for simple terminals which may respond only
to textual information.

The Telidon terminal design has a bit-map memory
for high definition graphics (Fig 2). A less costly and
less functional character oriented terminal based on
display memory of 800 8-bit words is also possible.
A variety of terminals based on the Ppr concept can
be produced. Fig 3 shows one of these from Norpak
Ltd, Pakenham, Ontario, Canada.

The ppr concept is applicable to already installed
older type systems, and it includes extensions for future
developments in an evolving service. The concept is
being considered as a possible standard by the Inter-
national Organization for Standardization (1s0) and by
the International Telegraph and Telephone Consulta-
tive Committee (ccrrr).

Future Potential

Interest in teletext and videotex systems has been grow-
ing rapidly. Prestel has successfully marketed its tech-
nology in the u.s., Germany, the Netherlands, and
Switzerland. AnTIOPE has come into the u.s. with a
marketing subsidiary.® Systems tests have been imple-
mented at ksL-Tv, Salt Lake City? and the cBs tele-
vision network is conducting field tests on a teletext
system at kMox-Tv, St Louis.1® In Japan, a system called
“Captains,” which can handle the full character set
of the Japanese language, has been implemented by
Nippon Telephone and Telegraph.

Full fruition of these systems depends ultimately
on the growth of the marketplace for these services.
Implementation of a “public” system in the us. is,
at the moment, highly unlikely due to regulatory
structures. More probable is the further development
of teletext and videotex for proprietary needs within
individual organizations.
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" THE PITTMAN' LINE OF D-C MOTORS |

'

LO-COG® Servo Motors
3 series: 1.2, 1.6 & 2.0” 0D

Better checlé it out!

PITMO® Gearmotors

Stall torques: 2 series: 1.38 & 2.00” 0D
about 1 to 128 oz.-in. gearboxes
Torque limits with
standard gearing:
MY 100 & 175 oz.-in.

') THE PITTMAN CORPORATION

A Subsidiary of Penn Engineering & Manufacturing Corp.
Harleysville, PA 19438 - 215:256-6601

Samarium
Cobalt Field

PITMO® Motor-Tachs

2 series: 1.2 & 1.6” 0D 4-Pole Motors
Standard tachometer gradient: 1 el
2 volts/1,000 rpm 1x1%"” cross-section

Stall torques:
12 to 24 oz.-in.

21A }

CIRCLE 13 ON INQUIRY CARD 17



[ communicaTioNn cHANNEL | 1‘

National Bureau of Standards Implements
Local Packet Data Network

National Bureau of Standards (nBs)
computer scientists have designed
and developed a new system to link
computer terminals, data acquisition
equipment, laboratory minicomputers,
and mainframe computers at the NBs
Gaithersburg, mp facility.

A study of data communications
needs at the complex identified about
700 user devices, consisting of two
major and some 60 smaller com-
puters, and 300 to 500 terminals,
all dissimilar units operating at dif-
ferent data rates. The network link-
ing them would require the following
capabilities:

Full connectability for terminals,
micro-, mini-, and major computers,
and laboratory instruments

Speed conversion over a minimum
range of 110 to 9600 baud, with re-
quired flow control

Addressing at least 2000 user nodes,
a few hundred simultaneously

Coverage of a 1.5-km long site hav-
ing about 20 buildings

Ease of user access

Provision of data encryption, if
required

Tolerance of a large number of
user interface node failures

The system developed to provide
these capabilities is an adaptive time
division multiple access cable sys-
tem with fully-distributed control.
Existing coaxial cables used as part
of the ~Bs standard frequency dis-
tribution system form part of the
network. The Table summarizes the
network characteristics. Data are
transmitted by packets; a typical
packet is shown in Fig 1.

Heart of the system is a micro-
processor based node called termi-
nal interface equipment (T1e). These
units interconnect user devices of
differing signal speed requirements,

d 1 t t -
:::)rkf:oré)t:t'gerﬂogagfria ;rggidgg n::e Fig 1 Typical packet structure. End to end flow control allows user

error detection, automatic fetrans- stations operating with different bit rates to communicate with each other
mission capability, certain line edit-
ing functions, and, with the addition
of a data encryption chip, data en-
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PENRIL DCD

MODEM 300/ 1200

The Pennl 300/ 1200
212A Bell Compatible Data Modem

Save once by handling both 300
and 1200 bps rates with a single
modem, a single phone line and
a single computer port. Save
again by mating with your exist-
ing low-speed system, then
upgrading to higher speeds
whenever you're ready.

Older terminals, new terminals,
mixed data streams — you can han-
dle them all, over switched or leased
telephone networks with the Penril
30071200, the full duplex 2-wire dial
line modem manufactured under
license from Western Electric for
both synchronous and asynchronous
operation.

FCC Registered;
No. ABE976-67837-DM-R

Designed for use with an exclusion
mode telephone set for manual call-
ing or answering, this versatile FCC
certified modem gives you an auto-
matic answering option, too. Lift the
telephone handset for dialing and
voice conversation. Activate the ex-
clusion key for the data mode, and
answering is automatic with no
operator intervention required. You
can select either 300 or 1200 bps to
originate a call; when answering, the
incoming data mode is automatically
recognized and accommodated.

Easy to Use;

Easy to Service

With 16 switch-selectable options

on the modem printed circuit board,

you're in control all the way. Use of
CIRCLE 14 ON INQUIRY CARD

high quality active filter networks
keeps data transfer accurate, even
overinferiortelephonelines.Integral
diagnostics keep servicing simple.

For details, contact;
Penril Corporation,

Data Communications Division,
5520 Randolph Rd.
Rockville, Maryland 20852.

Telephone (301) 881-8151.

DATACOMM
.. We Still Care.







Imagine being able to pack all the complex
memory and logic capabilities of a room-size
mainframe into a desk-size mini-
computer. Or increasing your
mainframe’s capability many times
over without increasing its existing
space and power requirements.

Now you can do either, and
dramatically improve the per-

— 8 =

lseplaiats,
H raakes HMOS look like peat moss.

Once you've seen Isoplanar-S,
you won't be interested in any
other high-speed technology. That's
because, along with superior
performance, it offers high reliability
and radiation tolerance. And most
important, as we scale down,

A -

J

formance of your computer at the

same time. We've made it possible, thanks to
Isoplanar-S, Fairchild's evolutionary new Bipolar
process for scaling down Isoplanar geometries.

16 times the densi
Four fimes the nce.

Our Isoplanar process has helped us give
the computer industry and related fields
superior-density/performance LS| RAMs, PROMs
and logic for a long time. With Isoplanar-S, we'll
be doing it for a long time to come. The next two
years will be especially exciting as we reduce
dimensions from our current 4-micron geometry
all the way down to 1 micron.

As we shrink info the future, we'll offer you
both ECL and TTL LSI with 16 times the density
and four times the performance. That's an
incredible increase in speed and density, along
with a major decrease in system power
and cooling requirements. Just look at what the

potential of 1 micron can mean fo you. This is
the kind of

ISOPLANAR-S PRODUCT EVOLUTION

4y

T

4Kx 1
35ns

1K x4
10ns

PROM

1Kx 8
50ns

8K x8
45ns

LOGIC

200 GATE ARRAY
0.7ns

2000 GATE ARRAY
0.5ns

progress that
continues to
make Fairchild
a major force
in the future
of computer
technology.

nothing iscompromised.

Within the next few years, when we reach
1-micron geometry, there won't be another
technology that can touch us. Or another com-
puter that can touch yours when you design
with Isoplanar-S.

HMOS? Use it on your asparagus.

Fairchild's dual commitment.
To technology and volume.

To prove how totally committed we are to the
future of computer technology, we've done
what very few other companies in our business
could afford to do. We've made major invest-
ments foward the advancement of Isoplanar-S
and high-volume production. All because of
our goal to meet your volume requirements with
the fastest and densest LS| devices available.

With them, you'll be able fo make the best com-
puters in the world.

Isoplanar-S-based devices are now in pro-
duction. Watch for our announcements.

There's lots more to tell you about Isoplanar-S.
Write or call Bipolar LS| at Fairchild Semiconductor
Products Group, P.O. Box 880A, Mountain View,
California 94042. BEELS s SR
Tel: (415)962-3951. EAIRCHILD
TWX: 910-379-6435.

Shaping the future of LSl technology.
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WE CALL IT BECKMAN'S
INTELLIGENT DISPLAY SYSTEM

LR

!
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EREEMINEN

BECAUSE IT'S SO BRIGHT!

That’s visibly bright and microcomputer smart!

In fact, it’s more than two times brighter than
comparable gas discharge display systems. Beckman’s
SM-810-001 alphanumeric display system is the apex of
the five-year development of the Screened Image tech-
nology. That’s what makes it so bright. And, makes it
flexible enough that you can do your own customizing.
The microcomputer gives it the control and versatility
that only a microcomputer can.

The SM-810-001 will give you 40 — count ’em 40 —
high brightness characters in a 5 by 7 matrix of large,
uniformly illuminated dots. Each of the quarter-inch
characters provides a minimum of 100 footlamberts of
brightness. Think what 40 of them will do for the overall
illumination. In addition, the unit offers a remarkable
viewing angle (for a subsystem) of 130°, plus a flicker-

SM-810-001 JOINS THE SA-252.

e o i

If you prefer a larger character, 14-segment display,
yvou may also wish to investigate Beckman’s SA-252

| Alphanumeric Display System. Its 16 characters are
each 0.55” high, and provide excellent viewability, even
at long distances. The SA-252 is also microcomputer
controlled, with direct user access. And, it’s ideal for
biomedical, process control and general electronics
applications.

free 94 Hertz refresh rate. And, it’s all in one compact,
microcomputer-controlled assembly . . . smaller than a
carton of cigarettes.

The SM-810-001 is currently being evaluated by sev-
eral major users. Obvious applications include: medical/
scientific instrumentation, process control and point-of-
sale. More importantly, the almost limitless flexibility of
the Screened Image concept makes it possible to adapt
this display system to your system . .. without the usual,
high engineering design and development charges.

Significant Features of the SM-810-001
e High Viewability.
— High Brightness & Wide Viewing Angle.
e Versatile, Microcomputer Control.
— Direct User Access.
— Right, Left & Random Entry.
— Character & Block Blinking.
— Data Write Time = 310 nS.
— Expanded ASCII — 98 Character Set.
e Compact, self-contained assembly.
— 10.75” x 3.0” x 2.0”
e Standard Interfaces.
— Single, 5 Volt Supply.
— 8 Bit Parallel Bidirectional Bus.

Beckman Displays. The Visible Edge.

For more information concerning your standard or
custom requirements, write: Displays Systems Division,
Beckman Instruments, Inc., 350 North Hayden Rd.,
ggottsd%le, AZ. PHONE: (602) 947-8371. TWX: 910-

0-1293.

BECKMAN
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I COMMUNICATION CHANNEL—I

UP TO 8 USER BOARDS

UP TO 60 METERS—L_

THE TIE

CONTAINS: v
LINE DRIVERS
LINE RECEIVERS
COLLISION DETECTION
CHATTER DISCONNECT

Fig 2 NBS network hardware. One
UB is required for each connected
user device, and NB/TAP combina-
tion can support eight UBs. Com-
munication control, message buf-
fering, assembly of data packets,
and error control functions reside
on each UB. UBs sharing the single
NB are polled and do not contend
with each other

cryption and decryption. The TIE is
shown in Fig 2. Major sections are
the network board (~B) and user
board(s) (uB), managed by a micro-
processor and associated erasable
programmable read only memory
(eproM). Output from ~B is coupled
to the coaxial distribution cable by
a tap.

The TI1E is designed to provide ef-
ficient control of data through the
network. Before transmitting, the

TIE checks to be sure that the cable
is free. However, if two TIEs start
to use the cable at the same time,
each will immediately detect packet
collisions. At this point, each party
involved will truncate the packet
being transmitted and impose a ran-
dom waiting period before trying to
regain control of the cable. This
type of contention for the cable with
detection and delay before retrans-
mitting results in highly efficient use

of the cable channel’s data trans-
mission capacity.

User-to-user protocol is built on
the user-to-Tie, TIE-to-TIE, and TIE-
to-user protocols. Implementation of
user-to-TIE and TIE-to-user protocol
takes into account differences in the
requirements of different user termi-
nals, processors, and mainframes.
Differences are recognized and the
software is personalized to the local
user devices.

Analyzer Measures Online
Network Performance

TP-270 remote network analyzer
measures system response time in a
3270 network and provides specific
measurements of the effects of hard-
ware and software changes on the
system. The microprocessor based
unit, located at the central computer
site, can detect and measure mini-
mum and maximum response times
for each terminal location. It will
display actual measurements of the
elements contributing to the response
times, such as poll to poll, poll to

EIA
PATCH PANEL

EIA CABLE

Remote monitor connection. In this configuration TP-2001
and TP-2002 line driver pair are used to extend EIA interface
beyond customary 50-ft (15.24-m) limit

TELEPHONE LINE




The HP 2621: sim

Simple doesn't have to mean unsophisticated.
The proof is in our new CRT terminal, the HP 2621.

Before building it, we took a long, hard look at
the way you use a simple terminal. Then we took the
knowledge gained in more than 10 years designing
computer products and applied it to engineering an inter-
active character-mode CRT terminal from the.user’s
point of view.

The outcome was actually two models. The HP
2621A, which sells for $1450. And the HP 2621P, which
has a built-in printer, costs $2550. You obviously want
the sharpest display made. So we used the 9x15
character cell you see on every HP CRT terminal,
including the top-of-the-line. And, to help you look back
at the data you've entered, we provided two full pages
of continuously scrolling memory.

We designed the keyboard like the familiar type-
writer, so you don’t have to waste time relearning it. We
built in eight function keys, too. These control the cursor,
rolling and scrolling. And, to make life easier, they’re
labeled on the screen for self-test, configuration, display
and editing.

Editing? On a simple terminal? Certainly. We
included character and line insert and delete, clear line
and clear display. And, since the 2621 keeps your input
separate from your CPU’s, you can edit data before
sending it to the computer. All without writing a line of
system software.

Since flexibility is important in interfacing, we
included a user-definable return key that will send your
computer whatever code it expects. We also made our
terminals compatible with RS232C and Bell 103A, and

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

[ 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. 1247,

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
19400 Homestead Road, Cupertino CA 95014. :

able to communicate with your CPU at 110 to 9600 baud.

If you need hard copy at your fingertips, take
a look at the HP 2621P. With a keystroke, its built-in
120 cps thermal printer will deliver a printout from the
screen in seconds.

So why don't you check out the HP 2621 by call-
ing the nearest HP sales office listed in the White Pages.
Or send us the coupon. Then see for yourself how
sophisticated a simple CRT terminal can be.

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

The 2621’s bright, high-resolution CRT, with enhanced 9x15
character cell, 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 magnify
the power of the 2621’s keyboard. Preprogrammed functions 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. And the 2621’s
familiar 68-key keyboard is almost as easy to use as a typewriter.

HEWLETT |hﬁ' PACKARD

All prices are U.S. list
Auvailable on GSA Contract #GS-00C-01529 from 12/8/78 through 9/30/79
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INTERFACE PRODUCTS
from DB

for Data General “or similar type computers

NEW! DMA Line Printer Controller (Data Channel) :
for most printers; and other new modules.

General Purpose Logic Modules

Peripheral Device Controllers ®* Communications Interfaces

Chassis Assemblies ® Power Supplies

[J General Purpose Interfaces

GPIO features include in-
terface logic with wirewrap
portion for 105 devices of
any DIP configuration, four
16-bit I/O registers and
Data Channel Connec on

logic
Wire Wrap E

trollers; other omia ;

Modem Control

Multiplexor, four or eight
channel with full modem
control; 4060 compatible
with additional program
controlled features. Optional

** Data General is a computer manufacturer unrelated
to MDB.

 ducts are"commtitwely priced,
: denvery is 30 days ARO or

multiplexor or panel pro-
vides for 25-pin connectors
for each channel

[0 Chassis Assemblies

Front loading expansion
chassis, six slots with 34”
spacing

Terminator Modules

' MﬁB p!aees an unconditional

ﬂ "‘cms year warranty on its con-

clude Real Time Clockang  trollers and tested products.

MDB also supplies interface

:qud les for PDP*-11, LSI-11,

IBM Series/1 and Interdata com-
puters. Product literature kits
are complete with pricing.

* TM Digital Equipment Corp.

1995 N. Batavia Street
Orange, California 92665

m D 714-998-6900

SYSTEMS INC. TWX:910-593-1339

Circle 168 for DG; 169 for PDP; 170 for LSI; 171 for IBM; 172 for Interdata
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response, and CPU wait times, as well
as the duration of inquiry and re-
sponse messages. Event counts, such
as ACKS, NAKs, WACKs, and mes-
sages are displayed to show direction
of origin. The TP-270 is available
from TeleProcessing* Products, Inc,
4565 E Industrial St, Bldg 7K, Simi
Valley, ca 93603.

While not intended as a diagnostic
tool, the unit provides the sophisti-
cated user with inferences which are
an aid in network trouble shooting.
When equipped with an optional
printer interface card, a hardcopy
printout of individual functions or a
complete status report will be pro-
duced on a user-nrovided printer.

The Tp-270 will handle synchro-
nous data rates up to 9600 bits/s.
Codes are switch-selectable, ascm or
EBEDIC, | Size' is 5125 x 17 x 11.57
(13.3 x 43 x 29.2 cm), weight, 13
Ibs (5.85 kg). Power requirement is
115 Vac, 60 Hz, 1 A.

Circle 400 on Inquiry Card

Intelligent Processor
Improves Computer
Communications

An intelligent network processor
(1vp) relieves cpu congestion, en-
ables computer to computer com-
munications at speeds to 56k bits/s,
and improves distributed systems net-
work (DsN) operations as well as re-
mote job entry functions via 2780
links. The mvp was recently introduced
by Hewlett-Packard General Systems
Div, 19447 Pruneridge Ave, Cuper-
tino, ca 95014.

The 1Np is applicable to all mp
3000 computer systems. It uses a
proprietary silicon on sapphire (sos)
microprocessor and 32k bytes of on-
board ram to relieve the cpu of com-
munications management tasks such
as character handling and buffer stor-
age. The processor uses 1BM binary
synchronous communications protocol,
and is compatible with uHp 32210T,
37220T, and Bell 201, 208, and 209
modems.

Interface is E1A Rs-232-c, ccrTT
V24/28, V.35, or hardwired. Data
rates are 19.2k bits/s using modem,
half or full duplex, or to 56k bits/s
with V.35 or a hardwired link. Data
buffer capacity is as much as 2k
bytes /buffer; buffered data are pro-
tected in case of power failure. Self-
test capability and a comprehensive
diagnostic program for troubleshoot-
ing are included.

Circle 401 on Inquiry Card
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ROW 9
DATA
PHOTO TRANSISTOR

ROW 12
DATA
PHOTO TRANSISTOR

STROBE
PHOTO TRANSISTOR

BADGE EDGE
PHOTO TRANSISTOR
LEFT

BADGE EDGE
PHOTO TRANSISTOR
RIGHT

SEATED
PHOTO TRANSISTOR
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We'vejustadded
two hard-hitting rookies
to our winning lineug

Now that the new F6802 microprocessor and F6846 combo
chip have joined Fairchild's F6800 feam, you've got a
minimum, microprocessor-based-system solution to your
design problems. One that's low cost and easy to work
with too. Like the rest of our F6800 family, these two great
new NMOS products are made using Fairchild's patented
Isoplanar™ process.

The F6802 and F6846 are already becoming big hits in
the microcomputer field. When you put them on your team,
they're bound to score some winning runs for you.

The F6802 microprocessor. It sends your design
p s to the minors.
And that's where they'll stay, thanks to this enhanced
version of the F6800 central processing unit. The F6802
offers an on-chip power-on reset
function, on-board clock
for easier use and on-board
128 x 8 RAM with options of
8-byte or 32-byte power-down.
Now you no longer need an
: additional RAM with battery
e bhackup systems.
The F6802 features a memory-ready line for slow or fast
memory. So you can use memories in synchronous or
asynchronous mode. And the F6802 is bus-compatible
for easy use with all of the other F6800 peripherals.

il The F6846 combo chip. It's a memorable teammate.
T The F6846 is a user-defined ROM-based peripheral

element. It features 2K x 8 ROM, a powerful programmable
binary timer, and eight bidirectional input/output ports on the
same circuit. It's also F6800 series bus-compatible.

COMPUTER DESIGN/OCTOBER 1979



§ 8 Bidirectional

Battery = 8 or 32-Byte . Input/Output Ports
Backup 'ower-Down
@
We're a major-league supplier.

Some of the biggest OEM customers come to us. Including
names like General Motors, Ford, H.P. and Lear-Siegler, to
mention a few. They know we're one of the biggest suppliers
and one of the best sources for F6800 microcomputer pro-
ducts in the industry. We offer the entire F6800 family, includ-
ing peripherals, memory and communication circuits. And we
can get them fo you when you need them because we're
in high-volume production. We also have some great new
circuits coming up soon from training camp — the F6856 SPCC,
F6808 CPU, F6847 VDG controller and F6801 single chip.

We support your team.

No matter what your needs, from standard fo hi-rel, we
can supply you because our F6800s are in stock at our distribu-
tors now. In quantity too, so you can have on-time delivery.

When you need some heavy-hitting microprocessor
circuits for your team, give us a call and we'll hit you with our
winning lineup. Just ask for our Microprocessor Group at
(408) 224-7000. Or write Fairchild Camera and Instrument
Corporation, P.O. Box 880A, Mountain View, California
94042. TWX: 910-379-1227.

CIRCLE 20 ON INQUIRY CARD
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Callusonit.
(408) 224-7000
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quality, our quiet
operation,or our
reliability. Not for
$660theycan’t.

Our Comprint 912 is
the best printer for
the money.
Period. Any
printer
that can
match our
price
can't
even begin
to match our
performance.
And any printer
that boasts perfor-
mance like ours doesn”
even come close to our
price. No matter what
your application; com-
puter reports, listings,

CRT hard copy, message | receiving, scientific/

= Industrial data

,a logging, or any-
*~ thing you can

@ think of, the

Comprint 912

\ is the perfor-

] mance leader in

printers under

$1000.

First consider
our perfor-
mance.

CRT hardcopy is an excellent
application for the Comprint 912.

30

The Comprint 912 printer.
Nooneelse can match
our speed,our print

"~ printers costing hun-

The Comprint 912 prints nearly 3
lines every second.

Speed.
At 225
characters
per second
(170 LPM)
the Com-
print 912
isup to 4
times faster
than impact

dreds of dollars more.
With our printer you
don’t waste time and
money waiting for your
print-out.
Print Quality.

Our 9x12 matrix pro-
vides sharp, crisp
characters. Compare
that with our competi-
tion. Their very best is a
9x7 matrix, which
means no lower case
descenders and
cramped letters. With
the Comprint 912 you
don’t have to put up
with the irritation of
fuzzy, hard to read
computer printing. This

COMPUTER DESIGN/OCTOBER 1979



kceptional print quality in offere.leon.th Waltan-
ly by the Comprint 912 in 7 ty, twice the lndustry
nless reliability, 6 month standard.The key to all
rallel I/0 and 8 172" wide this superior perfor-
been shipped to happy custec mance is our special
The superior print quality provided

by the Comprint 912 is obvious in this
actual size sample.

means increased prod-
uctivity. And because
the Comprint 912 makes
better originals, our
originals make better
Xeroxes.

Quiet Operation.

Most computer
printers are irritat-

lngly noisy. They can Fewer movi;{g paﬁé in the Comprint
dlsrupt concentration 912 mean greater reliability.

and reduce the effi- paper. This aluminized
ciency of anyone work- | “silver paper” works just
ing near them. They're like ordinary paper. It
noisy because they're won't fade or discolor

and actually costs less
than plain paper and
one time ribbons. For
the vast majority of
printing applications
it’s just plain better
than plain paper. Espe-
cially when you con-
sider the hidden costs
of plain paper printers
due to their inferior per-
The Comprint 912 is quiet because it’s formance Compared to

3

electronic not mechanical. the Comprint 912. And
impact. The Comprint on those rare occasions
912 has no mechanical when you really do

print head banging on

the paper. It’s elec-

tronic. It’s quiet.
Reliability.

Since the Comprint
912 prints electronically,
rather than mechani-
cally like ordinary im-
pact printers, we have
fewer moving parts and
less vibration. The
Comprint 912 has fewer
things to go wrong and
less wear. That’s why we

CIRCLE 21 ON INQUIRY CARD

need a plain bond
paper copy, just run
your Comprint 912
printout through your
plain bond copy ma-
chine and you've got it.
Even though our paper
is special, it’s available
everywhere; from your
dealer or distributor, or
from us.
Now consider our
price.
The Comprint 912.
$660 with parallel
interface, $699 with
serial interface.

We could talk about
our other advantages,
like our 80-character
lines on 8-1/2" wide pa-
per, or our compact,
light-weight size, and
the fact that the Com-
print 912 has no ribbons
to mess with, no chemi-
cals, nothing to add but
paper.

But you have to see
for yourself. Before you
buy any printer, insist
on seeing the Comprint
912, the performance
leader, at your local
computer store or in-
dustrial distributor. Or
contact us for a de-
scriptive brochure, a
sample print-out, and
applications literature.

The performance leader.

Computer Printers International, Inc.|
340 E. Middlefield Rd.
Mountain View, California 94043
415 969-6161
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| communicaTion CHANNEL |

Work Station Incorporates
IATA Protocol

Basic software package of the 2001
work station now incorporates the
83B3 communications protocol, al-
lowing operation in this communica-
tions medium because it takes into
account special International Air
Transport Association (1aATA) format
and specific communications restric-
tions. The work station combines an
83B3 communications terminal and

a complete word processing system.
The 2001 is manufactured by Mega-
data Corp, 35 Orville Dr, Bohemia,
Ny 11716.

Word processing and communica-
tions functions occur simultaneously.
Total number of messages in line
queue can amount to about 245k
characters. The system comprises a
64k raM, dual floppy discs, a letter
quality printer for word processing,
and a separate printer for incoming
and outgoing messages.

A file of “canned” phrases allows
1-time entry of commonly used text,
with a 6-char code used to call up
the phrases. 1aTA forms control is
included to perform complete check
of outgoing messages and insure
validity of header information. Com-
munications are fully supported with
all output messages queued up on a
disc. Automatic header checking,
message blocking, and reject mes-
sage handling are included.

Circle 402 on Inquiry Card

Fiber Optic Data Link
Operates to 250k Bits/s

High sensitivity, medium speed 3713
data link is designed to provide signal
isolation in electrically noisy en-
vironments, and is compatible with
many process and control configura-
tions. Made up of the 3713T trans-
mitter and 3713R receiver connected
by a suitable fiber optic cable, the
3713 provides a 250k-baud Nrz data
link capable of operation to 1.7 km.
An amp Optimate single-fiber con-
nector system simplifies interfacing

modules and fiber and minimizes
problems of source/fiber/detector
alignment. Metal packages of both
transmitter and receiver provide im-
munity to electromagnetic radiation,
and direct pc board mounting with-
out need of an additional heat sink.

The integral connector system also
permits choice of a variety of cables
to match specific needs, with maxi-
mum cable length depending on the
type of fiber optic cable used. Units
operate with 10™ bit error rate
(Ber) and 20-dB aggregate cable
and connector loss when used with a
200-um fiber. When low loss silica

fiber is used, the link can function
over distances to 2.5 km. The 3713
link system is offered by Burr-Brown,
International Airport Industrial Pk,
ro Box 11400, Tucson, Az 85374.
Power requirement for the trans-
mitter is 5 V; optical power may be
adjusted with a single resistor. The
receiver takes a = 15-V supply. An
automatic threshold circuit is incor-
porated in the receiver for maximum
noise immunity. Package size is 41
x 77 x 16 mm. Direct pc board mount
is enabled by seven pins located on
the bottom of each unit.
Circle 403 on Inquiry Card

TTL INPUT O
TRANSMITTER PHASING O

*Voo *Vec
O O

DIGITAL “Vee
COMMON

——O TTL OUTPUT
——O ANALOG OUTPUT

© ANALOG COMMON
O DIGITAL COMMON

THRESHOLD
ADJUST

3713 fiber optic data link. Transmitter converts TTL level inputs to optical pulses via
LED light source at data rates from dc to 2M baud NRZ. Receiver converts light input
via PIN photodiode to TTL output, with receiver sensitivity of 15 nW and data rates
to 250k baud NRZ
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C.Itoh's Model 8300
printer looks superb

BT Ttoh offers you the perfect
OEM printer for general purpose

It ks computers, communication terminals,
Wor data loggers and micro computers:

the Model 8300. This quiet and low-cost unit
even - features a straightforward, reliable design
and a continuous-duty 7-wire head with a
ettet life expectancy of 100 million characters.
Designed with a 7-bit parallel interface,
the 80-column, dot matrix Model 8300 prints bi-directionally at
125 CPS. Its sprocket paper feed mechanism accepts multi-ply
pin-feed paper in any width from 4.5"” to 9.5"; paper can be
loaded from the bottom or rear; and print line position is readily
adjustable. The Model 8300 works even better than it looks.

Would you expect anything less from C.Itoh?
Write today for detailed specifications.

<3 C. Itoh Electronics, Inc.

5301 Beethoven Street, Los Angeles, CA 90066

C. Itoh means excellence in printers. Call: (213) 390-7778 « Telex: WU 65-2451
East Coast
280 Park Avenue, New York, NY 10017
Call: (212) 682-0420 » Telex: WU 12-5059

C. Itoh Electronics is part of the 119-year-old C. Itoh & Co., Ltd., world-wide trading organization.
CIRCLE 73 ON INQUIRY CARD'



DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS:

INTEGRATED CIRCUIT
COSTS

MANUFACTURING

Montgomery Phister, Jr

Systems Consulting
Santa Monica, California

When engineers were designing the first commercial
digital computers, a system flipflop occupied one-third
of a cubic foot and cost over $100 (see Table 12, p
117 of Computer Design, Oct 1978). Designers there-
fore were interested in logic minimization, and devoted
time and effort to finding structures which shared regis-
ters and eliminated superfluous gates.

Today a system flipflop costs 80¢ and occupies 2 in3
(33 ¢cm?) of cabinet volume. The integrated circuit, un-
imagined by early computer engineers who struggled
with vacuum tubes and dreamed of transistors, has
turned the designer’s world upside down. He is still
interested in elegant structures, but his bricks are aLus,

34

decoders, p/rRoMs, and microprocessors rather than gates
and flipflops. Furthermore, because the lion’s share of
a system’s cost is in its components, he has an abiding
interest in IC prices and price trends.

Prices in a free market are of course complicated
entities. They depend on the price of functionally equiva-
lent, existing alternative parts. They depend on the
demand from the marketplace, and on the supply of
parts available. But ultimately they are limited by
the manufacturing cost of the parts. Design engineers
interested in prices and price trends therefore must
have some understanding of the factors which influence
1c manufacturing cost.
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The more you dema
the more you sh

Chances are, you’ll find that the performance you
need is already there.

At HP, our long experience in developing instru-
ments for engineering and manufacturing has given us a
real good idea of what’s needed in computer systems for
technical applications. That’s why Hewlett-Packard’s family
of computer products can meet your needs so closely in the
lab or on the factory floor.

Matching the computer to the job.

Take our 9800 Series Desktop computers. For
single-station interactive computing, they’re in a class by
themselves. With up to 449K bytes of memory, enhanced
BASIC, graphics capabilities, and a built-in keyboard and
display, you get the power of a minicomputer in one complete,
integrated package. And there’s easy interfacing with HP
instruments and peripherals for jobs like control and testing,
statistical analysis, and even engineering design.

For more complex multi-processing tasks, the
HP 1000 computer has the power and flexibility to meet your
needs. You can choose from a broad range of computation
power to process your data, from the low-cost M-Series to
the high-speed floating point F-Series. All of the configura-
tions use upward-compatible RTE operating systems, so
you don’t have to rewrite your programs when you change

jobs or move up to another model. And if you need additional
storage, you can expand the systems to two megabytes of
main memory starting at only $18K/per megabyte.

The HP 1000 system also comes with a number of
applications tools to minimize your programming costs. HP’s
new DATACAP/ 1000 software, for example, lets you design
a real-time factory data collection system according to your
shop floor needs. And to help you manage vast quantities
of technical data, we developed our powerful IMAGE/1000
data base management system. Just a few simple keystrokes
give you up-to-the-minute information on inventory levels
or instrument check-out status. If you'd like a really clear
picture of your information, HP’s GRAPHICS/1000 will plot
your data in a way you can understand.

V b i




nd from a computer,
ould look at HI?

Communication made simple.

General purpose interface cards let you adapt the
HP 1000 to a variety of tasks, including A/D conversion and
multi-point communications. What’s more, with the plug-in
HP-IB (interface bus), you can process and control data from
over 200 sophisticated measurement and testing instruments.

Talking to the computers is easy, too. The HP 1000
uses BASIC and FORTRAN as well as assembly and micro-
code languages. And our powerful communications software,
DS/1000, lets you hook HP 1000 computers together in any
network configuration you want—across your plant
or around the world.

A continuous growth plan.

HP’s family of computer products is constantly
growing to meet your scientific, engineering, and manufactur-
ing needs. Whether it’s instrumentation front ends, CRT ter-
minals, plotters or digitizers, HP’s compatible products let
you add to your system at any time without writing new
software. And of course, you get HP’s full support, service,
training and documentation.

Go ahead and ask your own computer some tough
questions.Then ask ours and see the difference. For a hands-
on demonstration of the HP 1000, just call your nearest HP
sales office listed in the White Pages. Or for more information
write Hewlett-Packard, Attn: Roger Ueltzen, Dept. 1259,
11000 Wolfe Road, Cupertino, CA 95014.

22904HPDS 28
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Here are just a few of HP’s range of products for manufac-

turers and engineers:

1. HP 9845 Desktop Computer.
2. HP 9825 Desktop Computer.
3. HP 1000 Model 45 Real-time
System with HP 7906 Disc
Drive and HP 2648A
Graphics Terminal.
4-6. HP 1000 F-, E-, and
M-Series Computers.
7. HP 2108 Board Computer.
8. HP 7925 Mass Storage Unit.
9. HP 2240 Measurement &
Control Processor.
10. HP ATS Automatic Test
System.
11. HP 12050 Fiber Optics.
12. HP-IB Link IEEE-488
Standard Interface.
13. HP 2621 CRT Terminal.
14. HP 3075 Data Capture
Terminal.
15. HP 3077 Time Reporting
Terminal.
16. HP 3455 Voltmeter.
17. HP 3495 Scanner.

18. HP 5328A Universal Counter.

19. HP 5342 Microwave
Frequency Counter.
20. HP 436A Power Meter.
21. HP 4262 LCR Meter.
22. HP 8566A Spectrum
Analyzer.

23. HP 8754A Network
Analyzer.

24. HP 3325A Synthesizer/
Function Generator.

25-6. HP 8660A & HP 8672A
Synthesizer/Signal
Generators.

27-8. HP 9876A & HP 2608A
Printers.

29. HP 2635 Printer.

30. HP 7245A Thermal Plotter/

Printer.

31. HP 7221A Plotter.

32. HP 7225A Graphics Plotter.

33. HP 9872A Programmable

Graphics Plotter.

34. HP 9874A Digitizer.

35. HP keeps it coming.




IC Manufacturing Process

Briefly, 1¢ manufacture begins with a sequence of al-
ternating optical and chemical steps carried out on a
thin wafer of silicon.! The optical operation transfers
circuit patterns from a set of masks to the wafer, and
the chemical (or physical/chemical) processes create
appropriate conducting, semiconducting, and insulating
paths in the silicon locations specified by the masks.
The masks typically contain patterns for tens or hundreds
of identical circuit components, or chips (the actual
number depends on wafer and chip dimensions). When
the manufacturer finishes the processing steps on a
batch of wafers, he tests the individual chips and marks
the bad ones. The ratio of good chips to total chips
on the wafer is called the wafer yield, and is a most
important parameter.

Next, the manufacturer separates the chips, discard-
ing the bad ones. He mounts each good chip on a pack-
age “header,” and bonds it in place. Then he attaches
the chip terminals to the package leads, and inspects
the result. The ratio of good circuits to total circuits
at this point is the packaging yield.

The last steps in the manufacturing process call for
the mounted chips to be capped and marked, and to
undergo a final test, which cycles the finished product

through a sophisticated test appropriate to its complex-
ity. The ratio of good units to total units here is the
final test yield.

Cost Influencing Factors

“A Model for Integrated Circuit Manufacturing Costs” pro-
vides a simplified model?:3:45 for this entire process.
Total cost is the sum of processing, packaging, and
testing costs. The latter two costs are assumed constant,
and dominate manufacturing cost for small chips. As
chip size increases, however, both wafer yield and the
number of chips per wafer fall, and the first term,
processing cost, becomes dominant. Fig 1 shows how
wafer yield varies with chip area, and Fig 2 illustrates
how the number of chips per wafer varies, for two
common wafer sizes. [The 3-in (7.6-cm) wafer is the
most widely used in the u.s. today, but it is being
superceded by the larger wafer. |

The resulting chip manufacturing cost is shown in
Fig 3. To put things in perspective, note that Intel’s
16k dynamic raMm, the 2116, has an area of 0.034 in2?
(0.219 cm?), and 1BM has announced that their 64k ram
has an area of 0.0625 in2 (0.403 cm?2). The model pre-
dicts that the former would have a manufacturing cost
of about $1.50, and that the latter would cost about

A Model for Integrated Circuit
Manufacturing Costs

Wafer oy
Processing A

n chips

Packaging |————>»| Final Test

—_—
nYwa nY waY t

IC Manufacturing Cost/Chip = Processing Cost + Packaging Cost + Final Test Cost

Cost of Processed Wafer

Processing Cost =

Cw

(Chips/Wafer) X (Wafer Yield) X (Packaging Yield) X (Test Yield)

[r e 1.77D] 5% [ 0.8
4¢* e

where

D = Wafer Diameter (inches)

e = Edge of square chip (inches)

k = Silicon wafer defect density

Packaging Cost

(1 + ke?)?

] xYth

_. (Cost of IC Package) + (Cost of IC Connections)

ol )
Y5 Ye
Cost of Testing Finished IC _

Final Test Cost = = i
Ye

Test Yield

A(1+kA)*Cyw

(Packaging Yield) X (Test Yield)

IC Manufacturing Cost/Chip =

where
A = e* = Chip Area

0.8 Y,Y:(rD*/4 — 1.77DVA) Y

l[P+C

Y, +T]
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Fig 1 Wafer yield vs chip area. Wafer
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wafer processing is complete, to total num-
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and chip dimensions. Formula shown is
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increases sharply with area. IC prices are
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Take the MULTIBUS with
us, Monolithic Systems
Corporation. We've got
a complete line of
MULTIBUS compatible
products on our route.
Like our ZBOA® based
single board computers,
I/0 and memory
expansion boards, floppy
disk controllers, video
graphics controllers and
RAM/EPROM add-in
memories.

And to complete your
system there's our
MULTIBUS computer
chassis, power supply
and extender and
universal boards. Our
path is easy to follow
because we offer an
EPROM resident uniform
monitor, EPROM resident
operating system and a
floppy disk resident Z80
to 8080 macro file to
guide you through.

Our MULTIBUS
compatible products are
the best route to a
winning system. Check
us out. We won't send
you back to start.

s

QOur brochures tell

all about our MSC 8004
Z80A/Am9511 Single
Board Computer and
our complete line of
MULTIBUS compatible
products.

For your free copies call
or write Monolithic
Systems Corp., 14
Inverness Drive East,
Englewood, CO 80112,
Phone: 303/770-7400
Telex: 45-4498

The innovators
in MULTIBUS
compatible products.

&

Jrtems con

14 Inverness Drive East
Englewood, Colorado 80112
303/770-7400

MULTIBUS is a trademark of Intel Corp
Z80A is a trademark of Zilog, Inc
©1979, Monalithic Systems Corp

CIRCLE 25 FOR LITERATURE
CIRCLE 189 FOR QUOTATION




$3.25. The equation and graphs show very clearly that
cost increases faster-than-linearly with area—for large
enough areas, cost increases with the cube of area,
other things being equal. If we were to modify the
model to accommodate the fact that packaging and test
costs also increase with chip area to some extent, the
increase would be even greater.

The model predicts steady-state manufacturing cost
in some given year. As time passes and technology im-
proves, defect density k drops, wafer yield increases,
and cost falls off somewhat. But more important, from
the equipment designer’s point of view, are the manu-
facturer’s start-up problems. When an 1c first enters
manufacturing, its cost is far higher than that pre-
dicted by the model. Typigally all yields are lower
than their steady-state values, and wafer, connection,
and test costs may be higher than standard while the
plant learns how to make the part. Wafer yield in
particular may be slow to reach its predicted value,
and manufacturing may have to make changes in masks
and/or in process chemistry and physics to solve the
yield problems.

Actual manufacturing cost for a 0.0625-in2 (0.403-
cm?) chip may thus follow a curve like the solid line
in Fig 4, and prices might change as shown by the
dotted line. During the first six months, manufacturing
costs are very high, yields are low (perhaps 2% or
less), parts correspondingly scarce, and production
samples are available at a premium price. After this
six month period, wafer and other yields have improved
somewhat, and there are enough wafers in process for
the manufacturer to supply parts in quantity. He then
lowers the price to the point where the part will be
attractive in comparison to functionally equivalent parts.
His yields, however, though improving, are still low,
keeping parts in relatively short supply compared with
the demand. During the next months there is thus a
sellers’ market and the price holds steady.

Ultimately yield increases further, alleviating the
part shortage. In addition, the success of the 1c attracts
competitors, and their yields increase to the point that
production capacity exceeds demand. Users can get
parts from any of several vendors, and make a choice

42

based on price. There thus ensues a buyers’ market,
and prices fall with increasing frequency. Meanwhile
the steady-state manufacturing cost (dashed line in Fig
4) falls slowly as defect density improves, and actual
costs approach that limit. However, to cover overhead
and sales costs, and to recover development costs and
make a profit, the manufacturer must hold prices at
a value two to four times his costs.

The cost trend might be somewhat better, or con-
siderably worse, than that shown in Fig 4. It is not
at all uncommon to read that manufacturers have
trouble initiating production on a new and complex
part, especially when some new facet of technology
is being introduced. In this case, yields may stubbornly
hold at disappointingly low values for months while
engineers try mew circuits, new masks, new process
variations, and new tests. The supply of parts is very
low, and the supplier loses money even at premium
prices. Meanwhile, users must scramble for parts, or
must employ old and more expensive technology. For
this reason the wise designer is very cautious about
introducing new components into his designs.
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; TEKTRONIX
thinks your logic analyzer
should be as versatile

So ours let you connect probes fast.

The Harmonica Connector:
fast, convenient probe
connection

FLLEERELED

£t

Logic analyzer versatility can
often mean the difference be-
tween spending time on a
problem...or on its solution.
With some logic analyzers,
for example, probe connec-
tions can take up to 70% of
your time.

A variety of Tektronix probes
give you that time back. The
patented Harmonica Connec-
tor eliminates attaching indi-
vidual connectors to each test
point. Our Quick Connect
Probe allows you to measure

S PR L:.I_ﬁ.l,).ﬁi{\,”)“”‘;A. AREG &

A

any number of test points,
without constantly attaching
and re-attaching connectors.
Use the Low Profile Dip Clip
for easy access to integrated
circuit pins. There’s even a
special probe for the GPIB.
The result is convenience and
efficiency that can encourage
you to use your logic analyzer
more frequently—and make
you more productive.

Fast probe connections:
they help make our Logic
Analyzers versatile. So you

can do today’s job and to-
morrow’s. So you can
change applications with-
out changing your logic

analyzer.

Contact Tektronix Inc., PO. Box
500, Beaverton, OR 97077. In
Europe, Tektronix Ltd., P.O. Box
36, St. Peter Port, Guernsey,
Channel Islands.

Tektronix:

COMMITTED TO EXCELLENCE

TEKTRONIX LOGIC ANALYZERS THE VERSATILE ONES

For immediate action dial our toll free automatic
answering service 1-800-547-1512




Shugart delivers the lowest cost per
megabyte in an 8-inch Winchester drive.
The company with more experience
in low-cost Winchester technology than
anyone else in the industry has broken
the $1,000 price barrier with its SA1000
series of 8-inch fixed disk drives. Here's
your 5 or 10 megabyte system upgrade
at an affordable price. Here's Winchester per-
formance in a compatible floppy-sized package.
Here's an 8-inch drive that will be built in the
quantities that you need for your market-
place, using Shugart’s high volume
manufacturing technology. Introducing
the SA1000. Packed with valuable
features. And priced to give you the
competitive edge.

Introducing the
“fixed diskdrive

It's easy to upgrade your system. Our design objective for the SA1000
was to create an 8-inch Winchester drive as mechanically and electrically
identical to our floppy disk drives as possible. The result is a drive that has the same
physical dimensions and mounting holes as our 8-inch floppy drives. Also, the SA1000
: has a simple “floppy-like” interface and command
structure. And drive control signals use the same pin
assignments as our SA850/851 floppy drives so
A you can daisy chain both fixed and floppy
drives from the same controller. Software
development is simple too, because the
SA1000 has the same capacity per track as
the double-density SA850. Even the power
voltages are the same. All this means that
we've made it easy and economical for
you to increase data throughput to 4.3
Mb/sec., average access time to 70 msec.,
and capacity to 5 or 10 Mbytes. Shugart
gives you value where it counts.




Product reliabilty —we're Headstrong about it. The SA1000 has
40% fewer parts than a floppy drive. That means high
MTBF —8000 power-on hours of typical duty. And
no preventive maintenance is required. Error
rates equal 1 x 10 soft (recoverable), 1x 1012
hard (non-recoverable), and 1 x 108 seek.
The belt-driven AC spindle drive motor i
eliminates the need for a separate
power supply. Our new Fasflex™ Il ball  §
bearing-supported actuator provides V%
more precise head-to-track positioning.
Data reliability? We've eliminated possible
media contamination and further protected your data by
locating the AC drive and stepper motors outside the
media chamber and by shock-mounting the drive on
three points within its casing. We don't take
shortcuts when it comes to
product reliability.

SA1000.The only
under $1000.

Shugart's Headstrong about product availability. Fromvinitial product concept through
manufacturing, Shugart has designed the SA1000 for high volume, highly
mechanized production and backed it with it's own dedicated engineering
and manufacturing organization. This kind of commitment has

made it possible for us to bring you the Iowest

cost per function 8-inch fixed disk drive available
today. We'll be delivering the SA1000 drives in
the first quarter of 1980. Optional controller

and data separator will also be available. The
new SA1000 from The Headstrong Company.
Contact your nearest sales office. Shugart
headquarters: 435 Oakmead Parkway, Sunny-
vale, CA 94086 (408) 733-0100; West Coast
Sales/Service: (408) 737-9241; Midwest Sales/
Service: (612) 574-9750; East Coast Sales/
Service: (617) 893-0560; Europe Sales/Service:
Paris (1) 686-00-85; Munich (089) 17-60-06.

JA.Shugart

The Headstrong Company

CIRCLE 26 ON INQUIRY CARD



DIGITAL TECHNOLOGY REVIEW J

Single-Channel, Positionable Magnetic Tape Head
Records 16 Tracks with 12k-Bit/in Density

A positionable bidirectional read-
after-write head can double the bit
density and significantly increase track
density of tape systems. Developed
by Nortronics Co, Inc, 8101 Tenth
Ave, N, Minneapolis, Mn 55427, the
head combines the best of disc and
tape head technologies to reduce the
cost of backup storage for rigid disc
systems.

Increased use of rigid discs in var-
ious sizes for high speed access to
data has created the need for low
cost backup systems. Such systems do
not require the high performance
characteristics of large tape drives be-
cause they normally run in a stream-
ing mode—you turn on the drive and
let it run—continually recording data
with no start or stop. To do this
economically, however, both high
track density and high bit density
are necessary to provide the needed
capacity. Current backup storage—
floppy discs and 7-track 0.25” (0.635-
cm) tape drives—are either too ex-
pensive or lack the necessary capacity.

The single-channel positionable
head permits high track and bit den-
sity recording, at a fraction of the
cost of heads in existing backup sys-
tems. Capable of writing up to 16
data tracks (see Fig 1) on 0.25” mag-
netic tape and increasing bit density
to 12,000 bits/in (4724/cm), ap-
proximately twice what is currently
possible, the head is constructed of
ferrite and ceramic to extend head
and tape life, and to permit increased
bit density.

In use (see Fig 2), the single-
channel head is first positioned to re-
cord one track near the tape edge.
When the tape has run its length, the
head automatically reverses itself,
moving and recording data in the op-
posite direction. This recording pro-
cess continues in a serpentine manner.

Read-after-write capability (Fig 3),
automatically reversed when the tape
is reversed, is a key feature of the
head, according to Matthias Grundt-
ner, director of engineering for
Nortronics. When tape is reversed the
area of the head that was reading is
now used for writing, and the area
that was writing begins reading.

46

“While the tape is written in one
direction, the same track will have a
symmetrical assembly on the other
end that is used to read back. Thus,
as the tape moves across the head,
it is written, erase trimmed, and read
back immediately after writing.” This
feature permits data to be transferred
from disc to tape with minimum error.
A second important feature of the

head is the symmetrical tunnel erase
system which permits close track
spacing, and therefore more tracks
with reduced noise.

Prototype units are currently being
built; manufacture of the heads will
begin early in 1980. In high produc-
tion quantities, the 1-track position-
able head will cost approximately $75.
Circle 175 on Inquiry Card
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LERASE TRACK

(2 PLACES)
BLACK AREAS ARE FERRITE
WHITE AREAS ARE CERAMIC
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TUNNEL ERASE GAPS J

READ/WRITE GAPS
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Fig 1 Bidirectional read-after-write tape head (a) is capable

|
|
ERASED BAND |
TRACK “1” E
|
|
|

ERASED BAND

ERASED BAND |
TRACK “2"
ERASED BAND

of recording up to 16 tracks on 0.25” tape with a density of
12,000 bits/in. Combination of ferrite and ceramic areas per-
mits increased bit density. Symmetrical tunnel erase system
permits close track spacing without increased noise, and
results in multitrack tape format (b), with Track 1 written in
one direction, Track 2 in the reverse
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3M’'s DC-300-XL Data
Cartridge always finishes last
because it records and
stores at a field-tested rate
of 6400 bpi on 450 feet of
tape. And that's 150 feet more ]
than standard data cartridges. |

Which means you ‘
won't have to change it so
often. And you'll have fewer
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Fig 2 Positionable single-channel magnetic tape head
assembly combines disc and tape head technologies to
provide high track and bit density at low cost
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cartridges to mess with.
Or lose.

Like all 3M DC-300-A
data cartridges, the DC-300-XL
has the same metal base-
plate. And the ANSI three-point
positioning system.

What's more, it's the
exact same size as other 300-
foot cartridges. So you can
use it in any drive that accepts |

standard cartridges. Yet
the DC-300-XL stores 50%
more data.

You see, sometimes

~+—— REVERSE TAPE MOTION

T4 ‘i" N finishing last has its advan-
Wi \7 7y tages, too.
M ||||||l[[lllll||||I||||||l|..........|||||||||||||||| H ‘/L\ { \;’,‘\ i e a———

it WY where to get the DC-300-XL,
call toll-free, 800-328-1300.

In Minnesota, call collect: (612)
736-9625. Or write: Data

Products/3M,223-5E,3M Center,

St. Paul, MN 55101.

READ WRITE
ACTIVE ERASE

Fig 3 Read-after-write capability that is automatically
reversed when tape is reversed results in serpentine re-
cording on tape
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“Designing our own LSI

The hard part is findin

with some flexibility."

The inflexibility of most LSI man-
ufacturers can be really frustrating. The
fact is, they’re just not set up to handle
“customer designed” projects.

You'll find things a lot different at
AMI. We're the only major LSI company
with a group specially organized to handle
these jobs. It's our sole responsibility.
Last year, we ran more than a hundred
circuits designed by a wide variety of
customers. And the list is growing fast.

We want to do it our way’

That's okay with us. No two customers
bring us a job at the same stage of
development anyway. So it would be a
waste of our time and your effort to set up
a lot of hard and fast requirements.
Instead, we make it as simple as possible
for you to interface with us at almost any
design or production phase.

You can supply us working plates,
pattern generator or data base tapes, com-
plete test programs or test vectors. We'll
take it from there. And we'll provide
components at any of these stages: wafers,
prototype circuits, or complete, fully
tested assemblies.

We don't limit your choice of process,
either. We work in 25 variations of four
basic MOS disciplines. What’s more, our
manufacturing capability is large enough
to set aside an entire fab line for fast
turn-around circuit prototyping. And
allocate other fab lines for production runs.

48

“What makes AMI so great?”

In a word: experience. We have the
longest history in custom, with a record of
more than 1200 circuits designed and
produced since 1966. And we've been in-
volved in customer designed projects
for six years, longer than anyone else,
completing more than 300 circuits.

We're geared to work with your
in-house MOS designers or an indepen-
dent design firm. Or we can handle your

We're flexible enough to work with you at almost any stage of
your circuit development. After all, you're the customer.



ircuit isnt the problem.

manufacturer

™

=]

B L, F i Histories Using Custom Circujts
Comparison of MOS Processes and Microprocessors”
P Chan P Chan P Chan N Chan Comple- N Chan N Chan il
HiV, 2 mentary 1 1+ VMOS You can get hold of copies
Metal Metal SiGate SiGate MOS dep Lds. Sl
Spesd (per uni area) 1% | by writing to AMI Customer
e+ 2+ + 1+ | Designs Marketing Il
S iy i e | 3800 Homestead Road, Santa
Logic Flexibility 3 1 3 3 1 2 1 1 y
On-Chip Clock Generation 4 2 5 4 1 3 2 2 Clara CA 95051 Phone (408)
Bipolar Compatibility § a0 1 1 1 o | 246-0330. Or from one of these
T i = | AM] sales offices: California,
rocess Simplicity o
Ranki!;gsare relative among the processes, with the lowest number being most desirable. (213) 595-4768; Florlda’ (305)

AMI offers 25 variations of four basic MOS processes. So you can pick the one

that fits your product and budget.

job from scratch, giving it the full custom
treatment that has made us the leader

in this field.

We're also in a unique position to
advise you on the best way to tackle your
application. As we also produce standard
4, 8 and 16-bit microprocessors (the S2000,
S6800 and S9900), we may be able to
show you a cost-effective way to mix
standard MPUs and custom peripherals.
Or customize a standard MPU specially
for you.

“Fine, but I need more details”

We have all the documentation
you need, from design and test parameters
to production schedules. And we've
also just published two new brochures
describing AMI’s involvement in the
custom LSI business. These are “Six Steps

to Success with Custom LSI” and
“MOQOS Systems Solutions: A Dozen Case

CIRCLE 28 ON INQUIRY CARD

830-8889; Illinois, (312) 437-6496;
Indiana, (317) 773-6330;
Massachusetts, (617) 762-0726;
Michigan, (313) 478-9339; New York,
(914) 352-5333; Pennsylvania, (215)
643-0217; Texas, (214) 231-5721,
Washington, (206) 687-3101.

And, if youd like a “live” show, we'll
make a 30-minute presentation right in
your office. That should be long enough
to convince you how flexible an LSI

company can be.
I®

AM

AMERICAN MICROSYSTEMS, INC.

49
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MOS Memory Option
For Mainframes Increases
Execution Speeds

Doubling memory capacity of earlier
mos configurations and making semi-
conductor memory available on the
pEcsystem 1091-S, the mos memory
option, announced by Digital Equip-
ment Corp, Large System Group,
Maynard, ma 01754, provides a factor
of 14 improvement in availability. Ex-
pansion of primary memory made
possible with the option decreases
the reliance on secondary memory
devices and thus increases system
execution speeds.

Because the Mos memory modules
used for both the pecsystem 1091-S
and pecsystem 2040 and 2060 incor-
porate error correction logic capable
of correcting single-bit errors and
detecting double-bit errors, an im-
provement in reliability can be seen
over core memory systems. In addi-
tion, 64k-byte segments of memory
can be mapped out dynamically to
allow for deferred corrective main-
tenance.

Up to 12M bytes of Mos memory
can be installed in the 1091-S con-
figuration; the first 6M in the basic
system cabinet, with a separate cabi-
net necessary for additional incre-
ments. The same tyve of cabinet is
used to expand capacity of 2040 and
2060 configurations to the system
maximums of 12M bytes.

Basic system configurations of 2040,
2060, and 1091-S, including 1M byte
of memory, are priced from $324,600,

$399,100, and $440,700, respective-
ly. Deliveries of Mo0s memory and
memory expanded versions are sched-
uled for early next year.
Circle 176 on Inquiry Card

Mid-Range Computer
Meets Short Term Demands
With Accelerator Option

A mid-range addition to the 470
series of high performance computers
made by Amdahl Corp, 1250 E
Arques Ave, Sunnyvale, ca 94086,
the 470V /7A gives users high per-
formance at lower cost with the op-
tion of increasing capacity through
upgrades. 470/Accelerator hardware
provides ability to meet short term
increases in demand without having
to support expensive idle capacity
over the long term.

With performance rated between
that of the V/6-11 and the V/7 and
slightly higher than that of the 1M
3033, a minimum configuration V/7TA
consists of 4M bytes of memory, 12
1/0 channels, 32k-byte high speed
RAM buffer, console display, and
independent console processor. Ma-
chine cycle time is 29 ns. This con-
figuration expands to 16M bytes of
memory and 16 1/0 channels. Op-
tional are 470/Accelerator, channel
to channel adapter, and 2-byte inter-
face.

The 12 1/0 channels can be con-
figured by the user into any com-
bination of block multiplexer, byte
multiplexer, or selector channel

mode. 2048 subchannels are pro-
vided. Using high performance bi-
polar RaMs to speed access, the buff-
er is organized as a set associative
cache memory with eight sets.

The independent console processor,
an internal minicomputer, performs
service diagnostics, monitors impor-
tant cpu functions, and interfaces to
the company’s diagnostic assistance
center to obtain remote maintenance
support for the system.

Available on a time metered rent-
al basis, the 470/Accelerator when
activated by user command increases
processor performance. It operates
with V/5 and V/5-11, raising their
performance to V/6 and V/6-11
levels, respectively; and increases
performance of a V/7A to the V/7
level—approximately 20%.

Consisting of special console pro-
cessor software command and LsI
hardware, the option installs within
the existing system. A single accel-
erator command brings the unit on-
line; another turns the unit off. Soft-
ware is not affected either in the
transition or while the cpu is in
accelerator mode. Similarly, jobs are
not disrupted by either on or off
command.

A hardware meter to measure CPU
time spent in accelerator mode is
included in the system as a usage
meter, not an elapsed time meter.
In minimum configuration the V/7A
will sell for $2,450,000. The Accel-
erator option will rent for $1800/mo
for 20-h usage, plus $90/h beyond
the 20-h minimum.

Circle 177 on Inquiry Card
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LSI 11/2 & PDP 11/03
5004-624 48KBytes
(24KX16) $732.00
5004-632 64KBytes
(32K X16)  $820.00

T ORDER FROM: SECO Sales, Inc., 111 S. Maitland Ave., Suite 202,
e P. O. Box 1475, Maitland, FL 32751 — Phone 305—645-3444

L_OUW\ PRICES ON
*  INTEL'S LSI-T1 & PDP-T1
. COMPATIBLE MEMORY

Model in 5004 Memory For LSI-11,

Model in 5034 Memory For Model in 1670
PDP - 11/04 & PDP - 11/34 Memory For
5034-832 64KBytes PDP 11/70

w/Parity (32KX18) $1062.00
5034-864 128KBytes
w/Parity (64KX18) $1606.00

(Price upon
request)
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mage processing. Your way.

Now, with the Grinnell GMR-270 Image Proc-
essing System, you can have pipeline image
processing tailored to fit your application.

The GMR-270 combines the best features of
our proven GMR-27 line of high speed graphic
display systems with a special package of
sophisticated image processing features. The
result is a modular image processing system
that can be furnished with any or all of the
following:

= Convolution

- Image multiplication and ratioing

- Zoom and pan

- 512 x 512 panning window on a 1024 x 1024
image

- Function memories

- Pseudo-color tables

- Video digitizers with frame averaging

- Split screen and image toggling

- Full graphics and alphanumerics

- Up to four overlay memory planes

- Independent cursors

- Trackballs and joysticks

- External synchronization

- Plug compatible interfaces for most
minicomputers

In addition, the GMR-270 has a display
resolution of 512 x 512 pixels and a video for-
mat that is RS-170 compatible. It is housed in a
rack-mountable chassis and drives standard
TV monitors.

Besides the GMR-270, Grinnell manufactures
two complete lines of graphic television display
systems: the GMR-27 Series and the GMR-37
Series. GMR-27 units are high speed, graphic
and image display systems; GMR-37 units are
low cost graphic display systems. Both are
available with display resolutions from 256 x
512 to 1024 x 1024.

So, whether you want to analyze images
from outer space or monitor a process in a
plant, Grinnell has a system that can do it. For
detailed specifications and/or a quotation, call
or write today.

Photographs provided by Stanford University Department of Applied
Earth Sciences, Palo Alto, California.

GRININELL SYSTEMS

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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WHAT SPERRY UNIVAC IS DOING IN THE MINICOMPUTER BUSINESS.

WE'RE BUILDING
HARDWARE
THAT HELPS CUT
THE COST
OF SOFTWARE.

The Sperry UnivacV77-600 and V77-800
minicomputers with SUMMIT don't just speak
Pascal, they were designed and assembled with it.

At Sperry Univac Mini-Computer Operations,
we understood that Pascal was a giant advance in
computer technology when other manufacturers
still considered it a passing fancy.

And now that they are just beginning to
recognize Pascal as the cost saving, time saving
solution to the spiraling expense of software, we've
already perfected our Pascal designed systems.

L

LUNIVAC

MAKES PROGRAMMERS
10 TIMES AS PRODUCTIVE.

Pascal is a high level, general purpose lan-
guage, composed in orderly steps so it's easy and
efficient to write. It provides for excellent docu-
mentation so that software errors can be reduced
by as much as 90% over Cobol.

But most important, Pascal dramatically cuts
the time necessary for programming —a major
consideration when most programming staffs
spend nearly 75% of their time just maintaining
existing software.

COST CUTTING PORTABILITY.

Although Pascal is frequently used as a
system development language, unlike an assem-
bly language, it can be transported between
computers that support Pascal with minimal
reprogramming.

This advantage alone means that the existing
software can be used on newer, state-of-the-art
systems. It's not necessary to write a whole new
program for the new computer.




ALL THE TOOLS
FOR COMPLETE PASCAL SUPPORT.

The Sperry Univac Structured Programming
System (SPS) running under our SUMMIT operat-
ing system, includes several powerful program
development tools available for Pascal support.

Pascal Compiler conforms to recognized
industry standards and provides concurrent com-
pilation for from one to 32 terminals.

Pascal Debugger allows the terminal user to
monitor execution of Pascal code on a program,
procedure, or line-within-procedure basis.

Pascal Program Formatter accepts Pascal
program source code in an unstructured form and
produces indented source output, conforming
with generally accepted practice for structured
programs.

SPS Text Editor allows the terminal user to

=== enter and edit Pascal
~S- .~ source code in an
e A R efficient manner.

SPS Document
gl Formatter pro-
vides for the

efficient generation of documentation.

Pascal Concordance program sorts and out-
puts all symbols and symbol-references within
a Pascal source file.

WE'RE COMMITTED
TO SOLVING YOUR PROBLEMS.

That's why we're committed to Pascal. We
know a major concern of our customers involves
curbing and controlling the high cost of program-
ming and maintaining software.

At Sperry Univac Mini-Computer Operations,
we feel that with Pascal and our Pascal adapted
systems we're helping our customers solve those
problems.

For more information, write to us at
Sperry Univac Mini-Computer Operations, 2722
Michelson Drive, Irvine, California 92713. Or call
(714) 833-2400, Marketing Communications.

In Europe, write Headquarters, Mini-Computer
Operations, London NW10 8LS, England.

In Canada, write Headquarters, Mini-Computer
Operations, 55 City Centre Drive, Mississauga,
Ontario, L5B 1M4.

SPERRY <= LUNIVAC

SPERRY UNIVAC IS A DIVISION OF
SPERRY RAND CORPORATION
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Sperry Univac Mini-Computer Operations,
Marketing Communications, 2722 Michelson Dr.,
Irvine, California 92713.

Please send information on Sperry Univac
minicomputers with Pascal to:

NAME

TITLE I
COMPANY ,
ADDRESS I
CITY ¥ 2 I

STATE e LI,

PHONE ( )



CEMAN @elivers?

Now you have reliability that won't
melt away.

Justlike ourline of ICEMAN™ linear
supplies, long-term reliability in a
switcher begins with how it’s made.
Fewer components, fewer connections,
less wiring, reduced failure points
and modes.

That was our design goal.

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
inches and contains
the latest
multifunction
ICs in place of
dozens of discrete

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 inch main output
board combines OVP, soft-start for
inrush current limiting and all output
supply components.

54

ICEMAN keeps his cool.

All the way through. Longer. More
efficiently.

Four paralleled, 60 A, high-
temperature Switchmode™ Schottkys,
with a maximum of 240 A capability,
are used to achieve the 5V, 80 A
output. In other words, they're run at
just 33% 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.

Specifications

PSN1801, 5 v/80 A

PSD1802, 5 v/60 A, 12V/8 A
PST1803, 5 V/60 A, 12 V/4 A, 12 V/4 A
Input. 100-130 Vac/200-260 Vac (Select-
able), 45-440 Hz Single Phase

Output. Floating, isolated from each
other and from ground, 600 Vdc max
Regulation. Line: +0.1% Output, for
100-130 or 200-260 Vac. Load: +0.29%
Output, no load to full load

Ripple and Noise. Less than 10 mV 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 us 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
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400 W, PSN1801, Single-Output
ICEMAN Switching Power Supply

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.

L

SINGLE OUTPUT TRIPLE OUTPUT
EFFICIENCY EFFICIENCY
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.

Prices for the three models range
from $530 to $675, 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.

MOTOROLA INC.
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MOTOROLA MANUFACTURERS' REPRESENTATIVES

. (602) 994-4587

Summit Sales ...
Ed Landa Company
€d Landa Company
QuadRep Inc. .

.. Thorson Company

ARIZONA, Phoenix i
CALIFORNIA, Los Angeles
CALIFORNIA, San Diego 2
l:AuFonulA. San Francisco

ORADO, Denver
mmAN . FL Wi McFadden Sales
INDIANA, lnalunupehs McFadden Sales
MICHIGAN, Detroit McFadden Sales

Comstrand. Inc
HLM Associates
HLM Associates ...

TEXAS, Dallas ; Mycrosystems Mkig., Inc
Mycrosystems Mkig.. Inc.
Mycrosystems Mkig.. Inc
UTAH, Sait La Anderson Associates
WASHINGTON, Seattle ES. Chase Co., Inc

© (206) 762-4824

AUTHORIZED MOTOROLA SUBSYSTEM DISTRIBUTORS
Hall-Mark Electronics ... (205) B37-8700
Hamilton/Avnet Electronics
Hamilton/Avnet Electronics
Wyle Distribution Group

ALABAMA, Huntsville
ALABAMA, Huntsville
ARIZONA, Phoenix
ARIZONA, Phoenix

ARIZONA, Phoenix e Slerllny Electronics ...
CALIFORNIA, CostaMesa ............ Avnet .. ........o..0
CALIFORNIA, Culver City Hamilton Electro Sales/L.A
CALIFORNIA, Cupertino . ... Western Mncmlachnology Sales ...(408) 725-1660
CALIFORNIA, EI Segundo ............ Wyle Distribution Grou -1 (213) 322-8100
CALIFORNIA, Irvine Sebbets Schweber Electronics - ... (213) 537-4321
714) 556-3880
CALIFORNIA, Sunnyvale Hamilton/Avnet Electronics .. 408) 743-3300
CALIFORNIA, Palo Alto Kierulff Electronics, Inc. ......... (415) 968-6292
CALIFORNIA, San Diego Hamilton/Avnet Electronics 714) 279-2421
CALIFORNIA, San Diego . Wyle Distribution Group ... 714) 565-9171
CALIFORNIA, Santa Clara Wyle Distribution Group 408) 727-2500
COLORADO, Cummevu City ... Wyle Distribution Group ......... (303) 287-9611
COLORADO, Denver -, Hamilton/Avnet Electronics ...... (303) 534-1212
CONNECTICUT, Danbury .- Schweber Electronics _.. (203) 792-3500
CONNECTICUT, 203) 762-0361
CONNECTICUT. Wallingford Cramer/Connecticut 203) 265-7741
FLORIDA, Fi. Lauderdale .. Hall-Mark Electronics -.. (305) 971-6280
FLORIDA, F1. Lauderdale Hamilton/Avnet Electronics .. 305) 971-2900
ORIDA, Hollywood Schweber Electronics ........... (305) 927-0511
FLomnA. om"ﬂo Hall-Mark Electronics ........... (305) 855-4020
FLORID. ... (813) 576-3930
Fl.omnA. S| Petersburg . Kierulff Electronics Inc. .......... (813) 576-1966
GEORGIA, No reross cihEs Hamilton/Avnet Electronics ...... (404) 448-0806
ILLINOIS, Chicago . Newark Electronics Corp. ........ (312) 638-4411
ILLINOIS, Elmhurst Industrial Park Semiconductor Specialists, .
Inc./Chicago ......... .. (312) 279-1000
ILLINOIS, Bensenville .......... . Hall-Mark Electronics {L..... (312) 860-3800
ILLINOIS, Eik Grove Village Pioneer/Chicago . -.. (312) 437-9680
ILLINOIS, Elk Grove Village Schweber Electronics ... (312) 593-2740
ILLINOIS, Schiller Park Hamilton/Avnet Electronics ... (312) 678-6310
INDIANA, Indianapolis 5 Graham Electronics Supply. Inc. ... (317) 634-8202
INDIANA, . P 4 « (317) 849-7300
KANSAS, Overland Park ! Hamilton/Avnet Electronics (913) 888-8900
KANSAS, Shawnee Mission ... Hall-Mark Electronics —.......... (313) 888-4747
ARYLAND, o [ (301) 948-0110
ARYLAN El ( 01)945 0710
ARYLAND. A Schweber Electronics -5900
ARYLAND, Hanover . Hamilton/Avnet Electronics
ARYLAND, Savage Pyttronic Industries, Inc 01) 953-9650
SETTS, Bedford ... Schweber Electronics 17) 275-5100
MASSACHUSETTS, Lexington Harvey Electronics <ioo... (817) 861-9200
MASSACHUSETTS, Newton ..... Cramer Electronics, Inc » 17) 969-7700
TTS, Woburn Hamilton/Avnet Electronics ...... (617) 935-9700
Livonia . Hamilton/Avnet Electronics ... 13) 522-4700
MICHIGAN, Livooia Pioneer-Standard Electronics . 13) 525-1800
MICHIGAN, Liv Les RS Electronics .. ... (313) §25-1155
MINNESOTA, Bioomingion .| - Hall-Mark Electronics Lo... (612) B84-9056
MINNESOTA, Eden Prairie ............ Schweber Electronics ... (812) 941-5280
MINNESOTA, Edina 5 Hamilton/Avnet Electronics ... (612) 941-
MISSOURI, Earth City Hall-Mark Electronics ... (314) 291-5350
MISSOURI, (314) 731-1144
#MISSOURI, Kansas City LCOMP/Kansas City, Inc 816) 221-2400
#MISSOURI, Maryland Heights LCOMP/St. Louls, Inc. 314) 291-6200
NEW JERSEY, Cherry Hill Hamilton/Avnet Electronics 609) 234-2133
NEW JERSEY, Fairfield Hamilton/Avnet Electronics .. 201) 575-3380
NEW JERSEY, Fairfield Schweber Electronics 201) 227-7880
NEW JERSEY, Pinebrook Harvey Electronics 201) 575-3510
NEW MEXICO, v 05) 765-1
NEW YORK, East Syracuse Hamilton/Avnet Electronics 315) 437-2642
#NEW YORK, Farmingdale Harrison Radio Corporation 516) 203-7979
NEW YORK; Hauppauge, LI Cramer/Long Island 1111 (516) 231-5600
NEW YORK, Liverpool Cramer Electronics ~.ov. (315) 652-1000
NEW YORK; Rochester Cramer/Roches! ~. (716) 275-0300
NEW YORK, Rochester Hamiton/Avnet Electionics (716) 442-7820
NEW YORK, Rochester ioey Schweber Efectronics : (716) 424-2222
‘W YORK, Vest S Harvey Electronics (607) 748-8211
NEW YORK. Wos Laristta Harvey Electronics 716) 334-5020
NEW YORK; Westbury, LI Hamilton/Avnet Electronics . .... (516) 333-5800
NEW YORK; Westbury, LI Schweber Electronics 16) 334-7474
N K, Woodbury. LI Harvey Electronics 16) 921-8700
NOI OLINA, Greensboro Pioneer/Washington 19) 273-4441
NORTH CAROLINA, Raleigh Hall-Mark Electronics 19) 832-4465
NORTH CAROLINA, Raleigh Hamilton/Avnet Electronics 19) 829-8030
RTH CAROLINA, w G veevenee. (919) 725-8711
HIO, Centerville Hamilton/Avnet Electronics ... 13) 433-0610
HIO, Cleveland oo Ploneed/Washington Electronics ... (21 587-3600
HIO, Dayton .. Pioneer/Day!os 13) 236-9900
HIO, Warrensville Heights ... Hamilton/Avnet Electionics 16) 831-3500
OKLAHOMA, Tulsa K Hall-Mark Electronics ..... (918) 835-845
PENNSYLVANIA, Horsham Pioneer/Washington .. 15) 674-4
PENNSYLVANIA, Horsham ... . Schweber Electronics 15) 441-06:
PENNSYLVANIA, Huntington .. Hall-Mark Electronics 15) 355-73
PENNSYLVANIA, Monigomeryvile Pyttronic Industries. Inc. 15) 643-2850
vEMuVLVAmA Pittsburgh Pioneer-Standard Electronics 12) 782-2300
OUTH CAROLINA, Columbia Dixie Electronics ... (809) 779-
Ens Austin Hall-Mark Electronics ... (512) 837-2814
Au Hamilton/Avnet Electronics 12) 837-8911
Hall-Mark Electronics 1111 (214) 234-7400
Hamilton/Avnet Electronics 14) 661-8661
Schweber Electronics ~. (214) 661-5010
Sterling Elaciranics 14) 357-9131
Hall-Mark Electronics _ 13) 781-6100
Hamilton/Avnet Electronics (713) 780-1771
Sterling Electronics, Inc (713) 627-980

Bell Indu: 801) 972-696
HamitonAvnet Electionics
Hamilton/Avnet Electronics
Wyle Distribution Group

Almac/Stroum Electronics 206) 763-23f
414) 784-451

S, on
TAH, Salt Lake City
JTAH, Salt Lake City
WASHINGTON, Bellevue
WASHINGTON, Bellevue
ASHINGTON, Seattie
ISCONSIN, New Berlin

Hamilton/Avnet Electronics
CANADA

CALGARY, Alberta L.A. Varah, Ltd. .. (403) 276-8818
CALGARY, Alberta Zentronics, Ltd 403) 230-1422
DOWNSVIEW, Ontario Zentronics, Ltd (416) 635-2822
EDMONDTON, Alberta Bowtek Electric Co., Lid 403) 426-1072
HAMILTON, Ontario LA Varah Ld 416) 561-8311
ON, Ontario C.M. Peterson Co. ~... (519) 434-3204
MISSISSAUGA, Ontario Familtonavnet It Canada Lid .. {a16) 677-7432
MONTREAL, Cesco Electronics Lit ... (514) 735-5511
AWA, Ontario Zentronics, Ltd. ... 3) 232-3591
OTTAWA, Ontario Hamilton/Avnet int1 Can.da Ltd. .. (613) 226-17
QUEBEC CITY, Quebec Cesco Electronics. = 8) 524-4641
ST. LAURENT, Quebec S Hamilton/Avnet Inti Canada Lid" - (1) 3916443
TOWN OF MOUNT ROYAL, Quebec .. Zentronics, Ltd 514) 735-5361
VANCOUVER, B.C 3 Intek Electronics, Ltd. (604) 324-6831
8c 5 LA Varah, Ltd (604) 873-3211
VANCOUVER, B.C. - Zentronics, Ltd. ... (604) 325-3292
WILLOWDALE, Ontario Electro Sonic. Inc (416) 494-1555
WINNIPEG, Manitoba Zentronics, Ltd 204) 775-8661

Plus Products

Color Graphics Computer
Programmable In
Pascal/Assembly Language

Fully integrqted RM-6114 color graphics computer system from Ramtek is pro-
grammable in Pascal or assembler language, can operate as either standalone
system or with host computer, and provides color data presentation as well as

data storage and manipulation

The 6114 Colorgraphic computer
provides a means for graphic presen-
tation, a programming language that
allows wusers to manipulate data,
and a standalone system for storage
of data files. The fully integrated
color graphics computer system from
Ramtek Corp, 2211 Lawson Lane,
Santa Clara, ca 95050 gives users a
range of choices not previously avail-
able in a low cost, medium resolution
display system. While previous sys-
tems have concentrated on data entry
and manipulation problems, this sys-
tem uses programmable graphics capa-
bilities to accommodate instant in-
terpretation by presenting data visual-
ly and in color.

In its Pascal configuration the sys-
tem consists of Z80 central processor
operating at 4 MHz with 64k pro-
grammable memory, floppy disc con-
troller, 250k-byte single-density
floppy disc drive, and pedestal dis-
play unit. Graphics refresh memory
is 256 x 320 with 240 x 320 display-
able pixels (picture elements). RGB
output may be used with NTsc en-
coder to drive a video cassette re-
corder. The format also provides
square pixels since the CRT screen
itself is a 4:3 aspect ratio as is the
displayable pixel array. The display
features a full screen crosshair cur-
sor and eight standard colors. Alpha-
numeric memory will display 96
characters in a format of 24 lines of
80 characters each.

The Pascal system is a licensed
version of ucsp Pascal, permitting

any Pascal source programs written
on an ucsD system to be transferred
to the 6114 and the reverse. This
use of standard operating system
software permits software to be trans-
ferred from one computer to another
and enables the use of standardized
computer graphics procedures.

The large amounts of memory and
large number of peripheral devices
sometimes necessary with a graphics
system are handled with the hard-
ware/software Ramos (Ramtek op-
erating system) package. RAMOs pro-
vides hardware memory management
and protection up to 512k bytes, spe-
cial user/system switching control,
and 1/0 interrupt vectoring. Multi-
tasking and virtual space features
in the operating system allow users
to add software in assembly language.

The system’s crr oriented editor
creates and updates text files, which
are edited on the console CRT using
a file window concept. A file man-
ager allows files to be created and
controlled on the floppy discs. Ac-
cess to assembly language program-
ming is supplied by Z80 Assembler
and linker.

Optional interfaces for the sys-
tem include Rs-232 communications,
color  printer/plotter,  black/white
printer, and graphics tablet. Price
for the basic system is approximate-
ly $12,000. With a monochrome dis-
play (upgradable to color), the
system is available for about $1000
less.

Circle 178 on Inquiry Card
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What could anyone

possibly do with 85,000
Dumb Terminals?

That's how many ADM-3A’s there
are out in the field working right
now. And more being shipped each
day. Now just what accounts for
such remarkable popularity?

Sure, it's the definitive dumb
terminal, adaptable enough to
fit a host of applications. It has
a 12-inch diagonal screen. Full
or half duplex operation at 11 select-
able data rates. 1920 easy-to-read
characters in 24 rows of 80 letters.
59 entry keys. An RS232C inter-
face extension port. And direct
cursor addressing.

But we wondered if all 85,000
Dumb Terminals were being used
for just everyday data entry. So
we checked around.

And found that people are using
Dumb Terminals for things even we
never thought of.

THE ADM-3A GOES INTO
BUSINESS.

More and more OEM's are put-
ting the Dumb Terminal into small
business systems. They assemble
a package that usually contains a
disk, memory, a printer, and a
video display terminal — the adapt-
able ADM-3A.

So the chances are that when you
buy a small business system from
someone, it'll contain, you guessed
it, the amazing Dumb Terminal.

IT TAKES STOCK OF THE
SITUATION.

Many businesses are using the
Dumb Terminal, along with a light
pen (Universal Product Code
Decoder), to keep track ot their
inventory. The decoder is interfaced
to the Dumb Terminal, and when
a piece of merchandise imprinted
with a Universal Product Code
passes under it, the item is entered
into a computer for tallying.

Simultaneously, the item is also
displayed on the ADM-3A's screen
—so it's instantly available for quick
double-checking.

PROGRAMMERS LIKE
IT, TOO.

Surprisingly enough, many
computer programmers use the
ADM-3A as an effective, portable
[/O device. They can take it into
a back room or, along with an acous-
tic coupler, to their homes if they
wish, and compile programs nearly
anywhere.

By using telephone lines, they
can have direct access to a compu-
ter. Or, with the addition of an
inexpensive cassette, the program-
mer can store the program on
tape and enter it into the mainframe
at a later date — with no loss of data.

THE DUMB TERMINAL PUTS
ON A NEW FACE.

Some of our more ambitious
customers have transformed their
ADM-3A's into sophisticated graph-
ics terminals. Simply by installing
another PCB, they've enabled their
terminals to perform complex plot-
ting, graphics, and even draw charts.

And the Dumb Terminal is so
adaptable that these industrious peo-
ple had no trouble with installation
— the graphics PCB required not
the slightest cutting or soldering. It
simply slipped right in and started
working, all in a matter of minutes.

YOU CAN EVEN TAKE IT
HOME TO MEET THE FAMILY.

We discovered that many com-
puter buffs are using the Dumb
Terminal as an inexpensive way
to upgrade their systems. After
all, the equipment found on most
microcomputers leaves a lot to
be desired. Such as the tiny five
or six-inch screen, for instance.

By upgrading to the ADM-3A,
they gét a full 12-inch screen that's
easy on the eyes. Not to mention

DUMB TERMINAL
SMART BUY

m LEAR SIEGLER, INC.
DATA PRODUCTS DIVISION

a lot of capabilities they wanted, but
just didn't get on their systems.
All for only $895.

THE DUMB TERMINAL. THE
HALLMARK OF VERSATILITY.

When you get right down to
it, the Dumb Terminal’s applications
are pretty amazing.

[t can be interfaced with a stag-
gering variety of RS232 devices.
Such as cassettes, disks, floppy disk
drives, printers, paper tapes, and
readers, to mention just a few.

In fact, the ADM-3A is compatible
with just about any RS232 device
you can name. Even other video
terminals, if you wish.

And people call this a “"dumb”
terminal?

WHAT WILL THEY THINK
OF NEXT?

Who knows? But it seems that as
long as there are Dumb Terminals,
people will find new, unsuspected
uses for them.

Of course, the ADM-3A will
continue to be the same dependable
data entry terminal that's made it
an industry legend.

With good, reliable features and
a minimum of frills. Nothing could
change that. The fact is, we think
that's probably the main reason that
so many people have come up
with so many uses for the ADM-3A.

Who said you can't teach a Dumb
Terminal new tricks?

Lear Siegler, Inc./Data Products
Division, 714 N. Brookhurst Street,
Anaheim, CA 92803. (800)
854-3805. In California (714)
774-1010. TWX: 910-591-1157. Telex:
65-5444. Regional Sales Offices:
San Francisco (408) 263-0506. Los
Angeles (213) 454-9941. Chicago
(312) 279-5250. Houston (713)
780-2585. Philadelphia (215)
968-0112. New York (212) 594-6762.
Boston (617) 423-1510. Washington,
D.C. (301) 459-1826. England
(4867) 80666.

Dumb Terminal® terminal is a registered trademark of Lear Siegler, Data Products Division
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New 12" DC motor-tach

cuts noise in your system

With the new EM-15 motor-tach,
you don’t have to run AC power
lines into noise-sensitive areas of
your system. Rated voltage: 6 to
24 v.d.c. Tach frequency: 8 cycles/
rev. AC tachometer is brushless.
You get accurate speed at low
cost.

Low-cost DC PM motor

only 1% " in diameter

Our economy EM-13 motors have
many of the features of our quality
military motors. Torque constant:
2.6 oz. in./amp for 12 v.d.c. ver-
sion. Voltage constant: 1.92V /K
rpm. Available in 6, 12, or 24 v.d.c.
versions. Tooled for high-volume
production.

In a hot spot? Cool it

with our fans and blowers

Cool your critical components with
our miniature DC fans and blowers.
Power source 12to 115 v.d.c. 10 to
315 cfm free air. Propeller, centrif-
ugal, tubeaxial, vaneaxial, and
propaxial types. Diameters 1.25" to
5.75%

TRW/ Lo MOTORS

Dayton, Ohio. (513) 228-3171.
Distributed by Arrow, Hall-Mark,
Hamilton/Avnet, Jaco, Pioneer.
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Compact Computer System
Broadens Range Within
Compatible Family

Reducing the entry level price of the
3000 family to $49,750, the mp 3000
series 30, introduced by Hewlett-
Packard Co, 1507 Page Mill Rd, Palo
Alto, ca 94304, is a full function
machine capable of batch operation,
program development, data entry,
and data communications. In addi-
tion to a lower price, the unit pro-
vides a more compact package and
an intelligent network processor
(see p 26) that relieves cpu con-
gestion and enables communication
at speeds to 56k bits /s.

Compact design and low power
requirements of the system stem from
the application of proprietary sili-
con on sapphire technology. The cpu
is based on three sos chips (1cF-25A)
that are integrated at the 15k gate
level. Memory is composed of 16k
raMs. Packaged within a cabinet
measuring 24 x 30 x 18” (61 x 76
x 46 cm) the unit is accompanied
by a separate system /maintenance
console and system disc. It runs on
standard 120-V power, uses only 15
A, and needs no special air condi-
tioning,.

The system is a full function HP
3000 capable of batch operation,
program development, data entry,
and data communication. Differences

between it and Series 33 and 1 lie
in performance and expandability.
Since it uses the MPpE-1mn1 operating
system, applications programs writ-
ten for those machines will run with-
out reprogramming, recompiling, or
relinking. Among the application
areas are as standalone business data
processing systems and as stations
within 3000 networks. Like the series
33, the series 30 incorporates a self-
test feature and remote system veri-
fication program.

Series 30 systems can execute pro-
grams written in COBOL, BASIC, FOR-
TRAN, RPG, or SPL, (the company’s
systems level programming language).
Bundled in with the machine are
MAGE /3000 database management
with QUERY, viEw /3000 business forms
generating software, and ksam /3000
keyed sequential file access method.

List prices for the systems begin at
$49,750 for a base level unit that
has 256k-bytes error correcting semi-
conductor memory, 1M-byte flexible
disc, four asynchronous terminal
ports, system/maintenance console,
20M-byte system disc, and eight
powered 1/0 expansion slots. This con-
figuration can be expanded to include
1024k-byte main memory, 960M-byte
disc capacity, up to 32 terminal

ports, 4 magnetic tape drives, and 2
line printers. Up to two communica-
tions lines can be added, each re-
placing four terminal ports.

Circle 179 on Inquiry Card

Hewlett-Packard’s application of SOS technology in its 3000 family compatible
series 30 reduces power and cooling requirements as well as package size
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“Frankly, IDC connectors used to be a
pain in the neck?

“My problems were monstrous.

When I could find the connectors I needed,
I would have to go digging around for the cable.
If the price was right, the products weren’t. And
on and on, eon after eon.

Until one day my doctor suggested
Spectra-Strip.

Of course! They’ve been making flat cable
longer than anybody, so they would have to
know how to make ends meet!

They do, and now I get all my IDC receptacles,

headers, DIP plugs and sockets, PCB transi-
tions and card-edge connectors from a single,
reliable source: Spectra-Strip.

When things get really busy at the lab, I even
have them or one of their value-added distribu-
tors provide completely terminated and tested
jumpers and custom assemblies.

¢ Spectra-Strip Inc. 1979

Their products
are just what the
doctor ordered, their %
Q.C. has real teeth in it, &
and their prices never
put the bite on
my budget.
For the name and
number of your nearest distributor or rep, write
Spectra-Strip, 7100 Lampson Avenue, Garden
Grove, CA 92642, telephone (714) 892-3361.
In the East, call (203) 281-3200.
And tell them Frank sent you”

" When you're down to the wire.
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Family of Systems Offers
Distributed Processing
Benefits to All Users

600/X5 series distributed data pro-
cessing systems, announced by Nix-
dorf Computer Corp, 168 Middlesex
Tpk, Burlington, ma 01803, offer in-
creased processing power, configura-
tion flexibility, and concurrency. Each
system in the series—consisting of
600/15, /25, /35, /45, and /55—can
perform batch and interactive com-
munications, local file processing,
data entry, word processing, and
local data base inquiry and update
using DBMS.

All models provide virtual memory
multiterminal  operations, synchro-
nous batch and interactive communi-
cations, character and line printers,
and extensive mass storage capabili-
ties. Operating under the control of
the Distributed Processing Executive
(pDPEX) operating system, the ma-
chines have a virtual architecture
that allows performance of multiple
concurrent tasks without real-mem-
ory constraints. Communications pro-
tocols include 3741, 2780, 3780, and
HASP  multileaving remote batch
communications, as well as 3270
transaction processing emulation.

Intended to serve in remote appli-
cations where small volumes of data
are entered and processed locally
before transmission to another sys-
tem within a network, the 600/15
is a diskette based distributed pro-
cessing system with 1100-ns proces-
sor. It can perform any two of the
following  operations concurrently:
batch or interactive communications,
local file processing, data entry, local
data base inquiry and update, or
word processing. Support is provided
for a 2-terminal, 2-diskette config-
uration with 300k bytes of virtual
memory.

Designated as a remote terminal
system for larger members of the
family, the 600/25 has a 1100-ns
processor and offers the same con-
currency as larger models. It pro-
vides support for up to six terminals,
two diskette units, 4.8M-bytes fixed
disc capacity, and 1M-byte virtual
memory.

Among the larger configurations,
the 600/35 serves in small remote
offices where concurrent operations
are required but cost must be kept
low. This unit has a 1100-ns proces-

60

sor and supports up to eight termi-
nals, two diskettes, two fixed discs,
magnetic tape unit, and 2M-byte
virtual memory.

Providing a mix of processor pow-
er and configuration flexibility that
meets demands for multiple con-
current operations, the /45 has a
700-ns processor. It supports up to
16 terminals, two diskettes, magnetic
tape, virtual memory of 8M bytes,
and up to 132M bytes of fixed disc
storage.

The top of the line /55 is designed
for operation where large volumes
of information must be locally stored,
interrogated, and maintained. Incor-
porating a 450-ns processor, this sys-
tem handles up to 32 terminals, 2
diskettes, magnetic tape unit, 8M-
byte virtual memory, and 264M bytes
of online storage.

A terminal oriented, multitasking
virtual memory operating system,
DPEX provides a combination of high
level data processing and communica-
tions capabilities. To provide opera-

tional simplicity for both operator
and programmer, the system man-
ages all aspects of virtual memory
allocation, application program re-
locatability, and sharability, and simul-
taneous data base access. In addition
to data processing capabilities, it
provides a range of communications
emulators. Features include file in-
quiry, retrieval and update capabili-
ties, terminal and system security,
sort/merge, batch and interactive
communications, and data entry capa-
bility. Word processing is an option-
al software package that allows op-
erators to enter, store, correct, manip-
ulate, and output document style
text. The word processing system
operates concurrently with other func-
tions and may be used by multiple
operators simultaneously.

Prices for the systems in basic
configurations start at $31,450 for
the 600/15 and range upward to
$69,670 for the 600/35. A top level
600/55 has a price of $159,050.
Circle 180 on Inquiry Card

9600-BIT/S DUAL COMMUNICATIONS

600/55

—DATA ENTRY
—LOCAL DATA BASE

TASKS

L)

© 1 TO 4 MAGNETIC TAPES TERMINALS
o L eSS (1920-CHAR)
— BATCH & INTERACTIVE
COMMUNICATIONS

—LOCAL FILE PROCESSING

INQUIRY/UPDATE (DBMS)
— WORD PROCESSING
—UP TO 32 CONCURRENT

170 32
OPERATOR

© OPERATOR TERMINALS
MAY BE LOCAL OR
REMOTE

45 CHAR/S
165 CHAR/S
300LINE/MIN
TERMINAL
PRINTERS

Based on 450-ns processor, Nixdorf's 600/55 distributed processing system
provides configuration flexibility while meeting demands for large online
data storage and concurrent operations
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Datacom Interfaces.
5 chips...1 socket.

Signetics’ family of UARTs/USARTs
lets you design up—not out.

Specify a socket for one of our five pro- Want to support bisync operation? Team
grammable datacom controllers . . . and any of our pin-compatible USARTSs with the
you've specified it for all of them. Design Signetics 2653 Data Integrity Controller for
your PC board for today’s needs, then design a fast firmware solution. Add our 2652 Multi-
up with the same board tomorrow. Protocol Communi-

Simply plug in the Signetics UART or ~ cations Controller
USART that’s right for the job. With all and extend your
the same pinouts, your datacom system to include
options stay open. SDLC, HDLC

If you want asynchronous only \ and ADCCP,
data transfer, insert our 2641 - Datacom control-
UART. It’s fully program- lers. Five pin-
mable, with an on-chip compatible UART/
baud-rate generator. - USARTS. Plus two

Need both synchronous unmatched LSI solu-
and asynchronous flexibil- ~ tions for data integrity
ity? Choose our industry - and protocol control.
standard 2651 USART. Start putting 7-chip
Same socket. convenience into your

Baud-rate table changes? datacom design today.
Pick one of our enhanced Contact us, your nearby
USARTS: 2661-1, Signetics sales office or
2661-2 or 2661-3. authorized distributor.
Same socket, again.

. . . .
GiNDTES
replacement shifts you' “
. fivgg o dlf
to the desired range— R CLLEE ]| a subsidiary of U.S. Philips Corporation

where you can program-
select from 16 differ-
ent baud rates.

Signetics Corporation

811 East Arques Avenue
P.O. Box 409

Sunnyvale, California 94086
Telephone 408/739-7700

’ To: Slgnetlcs Publication Services, 811 E. Arques Ave.,
~ P.O. Box 409, Sunnyvale, CA 94086

() Please send complete specifications on Signetics’
socket-compatible family of datacom controllers.

Lear.n ln.ore ab.out .LSI fOI.. Data .Com' ( ) Send me the above plus data sheets on the 2652 and
munications. Signetics and its Hamilton/ 2653. . €Dio7e

Avnet distributor are co-sponsoring data
communications seminars in 24 cities. Call
us or Hamilton/Avnet for your admission Company ... Division
ticket and program details. Addreds MS

Title

Name

 City State Zip

( ) My need is urgent. Please have a datacom spemahst .
phone me at once: ( o ,




“I can cut your control
without

I’'m Bob Jones, President of Artec. I'd like
to tell you how my new system of computer
components fulfills a six year ambition of mine.




system CPU costs 40"
sacrificing quality ”

A SIDE BY SIDE COMPARISON—INTEL, VECTOR GRAPHIC AND ARTEC

You may think I’'m crazy now.
You won’t after you find out
more about this system.

Ever since I started Artec Electronics,
I've wanted to build a computer system
that was better than the ones built by the
computer industry’s giants. As you can see
from the comparison chart, I've done it.

The Artec Centurion System not only
offers more features than the popular
8-bit microcomputer board families built
by Intel and Vector Graphic, but sub-
stantial savings too.

The key to lowering costs without
lowering quality was choosing the S100
bus. This major innovation allows smaller
PC boards, fewer chips and more compact
cabinets. All features that reduce system
costs. But the level of quality is superior
to any board family anywhere.

Consider this 5 MHz CPU
with monitor, math chip and
on-board memory for $850.

Using the Intel 8085A2, this CPU card
has been specially designed to do what you
want it to. Hardware floating point lets
you perform math four times faster
than you can on the other CPUs. To get
this kind of performance before, you
probably had to buy a mini.

The board also comes with a powerful,
but simple to use, monitor in PROM
memory. This monitor lets you test
memory, debug software and check the
status of your program at any time.

For a scratch pad, the CPU uses 3K
of PROM memory and 1K of RAM. For
simple control applications you may not
even need add-on memory.

If that isn’t enough to convince you,
how about this? This card also has four
vectored interrupts, switch-selectable
/0 ports, variable clock frequency
(2 and 5MHz) and a phantom line.

16K PROM Memory Card
for just $300.

Everything in this card is the best
you can find. The PROMs are reliable,
2708-type designed by TI. The board is
high-quality FR4 glass epoxy with fully-
buffered address and data lines and plated-
through holes. You can choose from 0-4
wait states (selectable by DIP switch).
You can also address any 4K group of
memory to any 4K boundary. This bank
select feature allows you to control up to
8 banks of memory.

Artec
Feature Intel SBC/8030 Vector Graphic MZ Centurion
Clock speed 2.7 MHz 4MHZ 5MH:z
Onboard monitor yes no yes
Hardware floating
point no no yes
Onboard memory 8K PROM 3K PROM

16K RAM none 1K RAM

Onboard regulators no yes yes
Board size 6. 75X 12" 5.3 10" 5.3” X 10”
Onboard ports for
keyboard and RS232 yes no yes
Price $1298 $215 $850

No question about it, this is a tre-
mendous card for the money. The card
without memory is just $125 with all the
sockets in place. The EPROM chips alone
are $11 each.

8K-32K Expandable RAM
memory just $175-$620.

We’ve used a fine, Texas Instrument
designed chip, the 4044. Start with the
board and 8K of memory and then add on
as your application grows. The board
holds up to 32K of fully static memory.

It has bank select and the same high-
quality PC board construction techniques
as the PROM card.

The 8K board costs just $175; 16K is
$315; 24K is $475; and the 32K board is
$620. 8K add-on kits are $135. Single TI
4044 chips are $7.

A rugged card cage built
around Artec’s Totally Silent
Motherboard

Some people argue for passive termina-
tion, others for active termination. All
I know is that we have the motherboard
that is totally free from spurious noise
at 2MHz, 4MHz, or 5SMHz.

More than twice as thick e o
O.K. Bob, convince me, get in touch with me and
tell me more about your computer system.

as most motherboards you
can find for the S100 bus,
this is the best possible

Breadboards for people who
like to do it themselves— $20

For just $20 each these breadboards
are incredible. You can find every board
you need including copper clad boards
with no holes, wire wraps, and two with
plated-through holes that are set up for
different pin arrangements.

Call me and let me tell you
more about this system

If you still have questions about this
system, call Artec Electronics, Inc. at
(415) 592-2740. Ask for Bob Jones, and
tell the person who answers you want to
talk about his computer system. Or use

the coupon if you don’t have time to call.

Our address is 605 Old County Rd.,
San Carlos, CA 94070.

Either way, don’t sit there wondering
if I'm crazy or not. Find out for yourself
by calling or writing today.

State

start for a reliable control Name/Title
system.

The card cage itself is S
made out of 12 gauge
anodized aluminum for City
solid support and protec- Phone

|
|
|
|
| Company
|
: : |
tion of your investment. |
Awvailable in 6, 8, 10, 12, or
16 slots. |

e

—
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THE MICROPROCESSOR

INTRODUCED NEW KINDS OF

BOARDTEST PROBLEMS.

Old ways of testing
IC boards don't work very
well on MPU-based prod-
ucts. So far, attempits to fill
the testing gap have proved
expensive or inadequate. Or
both. And they usually need
an engineer to run them. "

The MicroSystem Analyzer
on the other hand, doesn't need an
expert or a ﬁve-ﬁgure budget to
troubleshoot fast and accurately to
the node level.

To do this, Millennium pio-
neered the concept of testing from
the inside out. Instead of making
edge connections or using a bed of
nails, you unplug your microproces-
sor and plug our system right into
your MPU socket. To test any board
or node with which the uP can com-
municate, just push a couple of but-
tons, and you're off and running at
system speed up to 5 MHz—so you
catch more faults. And in a true
system environment.

Simple programming;
exhaustive testing.

It doesn't take much prepara-
tion to run complete system testing.
In a short time, using your system’s
microprocessor language, programs
can be ready to do Go/No testing of
your digital and hybrid boards, and
with a Signature Analysis, trace a fault
down to a defective node.

To make things even easier,
you can easily modify your existing
diagnostics to run on the Micro-
System Analyzer.

The low price of success.

This new approach to testing
also breaks some cost barriers. With
a starting price of $4000, you can
afford to share your test, QA and
maintenance loads. And, when you
change to a different microprocessor,
all you do is change the low-cost
personality cards in the Analyzer.

For factory-field compatibility,
your service force can also take it
right to the customer, replace only
defective boards on-site, spearhead
repairs at your local office, using fac-
tory level diagnostics to reduce that
board float problem. The MicroSys-
tem Analyzer also has an optional
RS232 capability, making it ideal as a
test station or for remote field service.

Millennium's filling the gap.

The MicroSystem Analyzer is
a significant first step in making the
MPU-based product easier to test.

For yPs and Cs past, present and future.

Here Today More Tomorrow
8080A 8048
8085A 8049
6800 8035
6802 8039
ZB80A 8748
8021

and more

Our other two products, the Micro-
System Designer and MicroSystem
Emulator, will help engineers get
their jobs done better, faster and
cheaper, too. So you can look to Mil-
lennium for the new ways to solve the
new microprocessor problems —all
the way from MPU evaluation and
product development to system test
and field service trouble-shooting.

Get your hands on.

It's easy to see whether the
MicroSystem Analyzer is all it's
cracked up to be. We'll arrange a
hands-on demonstration for you. Just
call or write to Barney Hordos, Mil-
lennium Systems, Inc., 19020 Prune-
ridge Avenue, Cupertino CA 95014.
Phone (408) 996-9109. We'll send you
complete information, including our
new 24-page “Guide to Testing
Microprocessor-Based Systems
and Boards®'

With all the new microproc-
essors around, the MicroSystem
Analyzer is the only true test.

MILLENNIUM

a subsidiary of American Microsystems, Inc.

CIRCLE 38 ON INQUIRY CARD



MILLENNIUM
INTRODUCED A NEW KIND
OF BOARD TEST SOLUTION.

The 20—charc_acfer You can do long
alphanumeric dis- distance trouble
play can be pro- shooting by phone
grammed to lead with our remote
the operator step- communications

by-step through

tion.
your test, and tells o

whats happening in
Status indicator simple statements
lights let you know like "RAM error
things like: “Is your LOCO8GR". . " Fait R T S TN s g
system clock
working?”

Run your test pro-

gram at full clock

rate, or single step Most tests only
through a program. need a couple of
Orloop on a special keys to run. The

subtest for those other keys are there

hard-to-find inter- to give you greater

mittent faults. flexibility for more
in-depth testing.

Take out your MPU,
plug usin, and your.
test is underway.

e detects faults
using Signature
Analysis, transition
counting and time
domain analysis.
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Multiprocessing Adds
Flexibility to
Business Computer Family

BC/7-900 uses a different processor
to provide 1.5 times the speed of
the /7-800, and offers 262,144 bytes
of Mos memory, compared to 131,072
bytes for the /7-800. Adding power
to the Bc/7 family from Sperry
Univac, po Box 500, Blue Bell, ra
19424, the 900 model performs in a
multiprocessing  environment, han-
dling four jobs concurrently to sup-
ply flexibility particularly at peak
processing periods.

Secondary storage capacity of 40M
bytes is available on two 20M-byte
disc drives, a further 4M-bytes from
diskettes. The 20M-byte capacity
drive offers removable disc cartridge

capability and requires only one cabi-
net for the 40M configuration, re-
ducing floor space, electric power,
and heat dissipation.

The unit is compatible with the
-800, which can be upgraded in the
field. All software presently in use on
the -800 and all existing peripheral
equipment can be used on the -900
model without modification. Addi-
tional benefits of the system include
printer spooling transparent to ap-
plication, a file sharing feature that
extends to all users, and user pro-
gram size up to 48,152 bytes.

A typical system consists of 262,144
bytes of main storage, 40M-bytes
disc capacity, diskette unit, and four
workstations. Purchase price is $76,-
587. First deliveries are planned for
second quarter 1980.

Circle 183 on Inquiry Card

Packaged Systems Lower
Cost of Dispersed Data
Processing Operations

ARCPAC systems increase the attrac-
tiveness of dispersed data processing
by offering complete computer sys-
tems at substantial savings. Avail-
able only as complete units, the
attached resource computer system
packages are composed of modular
ARC system components (see Com-
puter Design, Feb 1978, p 28) and
differ only in the amount of disc
storage provided. Datapoint Corp,
9725 Datapoint Dr, San Antonio, TX
78284 provides system and timeshar-
ing software, industry standard pro-
gramming languages, and all neces-
sary cabling with each unit.

Model 4724 includes 20M-bytes
cartridge disc storage while the 4754
has 120M bytes. Both systems in-
clude five 3810 Dispersed Processors,
one 6600 Advanced Business Proces-
sor, and the necessary interprocessor
bus components—six 9483 Resource

66

Interface Modules plus a 9484 Ac-
tive Hub, and cabling.

The 3810s are the applications
processors of the system and feature
60k-bytes user memory, 1920-char
video display screens and typewriter
style keyboards. The 6600, with
120k-bytes user memory, 960-char
screen, and typewriter keyboard, acts
as the system’s file processor.

Software is comprised of Anst In-
teractive and batch coBoL, BAsicPLUS,
and RrpcpLUs, along with the paTa-
BUS" businesss programming language,
and DATASHARE® business timeshar-
ing language. Also part of the soft-
ware package is the pos disc operat-
ing system plus pos utility programs
including EprT, LI1ST, SORT, and INDEX.
Additional software telecommunica-
tions support is provided by paTa-
PoLL® for datapoint to datapoint net-
works.

Model 4724 has a purchase price
of $58,950; price for the 4754 is
$84,950. These prices include soft-
ware license fees.

Circle 184 on Inquiry Card

Text Processor/Editor
Packages Run On
Portable Computer System

Software that simplifies the prepara-
tion, editing, and production of docu-
ments on the Miniterm® model 1206/
pos portable computer system in-
cludes text processor and editor pack-
ages. The system, introduced by Com-
puter Devices, Inc, 25 North Ave,
Burlington, mA 01803, combines text
manipulation features with random
access storage in a portable unit
that provides transmission over dial-
up telephone lines to final produc-
tion system.

User prompting messages allow
persons having no computing ex-
perience to perform various interac-
tive tasks in addition to text pro-
cessing. Text processor and editor
software permit documents and blocks
of text to be stored and retrieved
using user specified labels. Stored
material can be merged into a pri-
mary document automatically to gen-
erate personalized correspondence.

Dynamic margin adjustment, tab-
ulation, text centering, and text justi-
fication routines accommodate re-
quirements for multiple column
widths. Page lengths can be specified
and headers and numbers inserted
automatically. A single keyboard
command adjusts left margirs and
page header (number) locations to
left and right of page. The system
can also generate indexes and tables
of contents under user command and
can drive any Bs-232-C compatible
printers.

System hardware includes a 64k
processor programmable in Basic,
128-char ascur keyboard, 80-/132-col
50-char/s thermal printer, disc con-
troller, and communications inter-
face. All are enclosed in a carrying
case small enough to fit under an
airplane seat. The disc controller
supports up to four Minifile double-
density minifloppy disc drives to pro-
vide up to 1.44M bytes of random
access storage. The unit is priced at
$7075.

Circle 185 on Inquiry Card
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Considering alphanumeric terminals?
Our L.Q. test can determine whether
your needs are dumb, smart or intelligent.

Finding a
source for alphanumeric
terminals is relatively easy.
Finding the right terminal isn’t necessarily so easy.

That’s where our 1.Q. Test can help.
L

Numerous questions must be answered before you
can specify the optimum terminal for your data or
word processing system. Should it be dumb? Smart?
Or intelligent? Clustered or stand alone? Do you
need local processing capability? Expansion RAM,
ROM or PROM? ShouldP it be user programmable?
Or can you };re-program it to satisfy your system’s
requirements? The handy 1.Q. Test inside our new
ZMS Family brochure can help us help you find the

At Zentec, we want your
first terminal choice to be your most intelligent
choice. So we’d like to assist you in reviewing your
basic requirements. And help you analyze your sys-
tem needs. If intelligent terminals are the answer,
we'll help you determine which ZMS terminal best
fits your system requirements. Or how you can best
modify our modular designs to satisfy your specific
application. We’ll also help you weigh other selec-
tion criteria than just hardware. Like custom config-
urations. Customized firmware and software. And
specialized interfaces and protocols. All to insure
that the terminals you specify offer you the best
price/performance ratio money can buy.

Looking for an intelligent alternative?

—~

Dumb Smart Intelligent Requvi?:rrnen(s

Local CPU Processing No No Some
User Programmability No No Some R
Expansion RAM No No Some %
Expansion ROM/PROM No | Some Yes
Displayable Characters 64 |[64-96| 128-256
Video Attributes Limited | Some Some
Screen Character 5x7 | 7x8 7x9
Matrix Resolution
“Soft-Font" No No | Some -
Down Load Capability No No Some
Printer Capability Some | Some Yes | [
Mass Storage Capability No | No | Some |
Protected Data No Some:  Yes

¥ Higher Level Languages No No | Some

uestions. And more. Here,
information on our new

answers to these basic
ou’ll also find detaile

If you'd like to find
out more about how
Zentec intelligent
terminals can

‘ Q 10
provide intelligent

solutions to your data

or word processing problems, send for our free ZMS
Family brochure. Then take the I.Q. Test. Write:
Zentec Corporation, 2400 Walsh Avenue, Santa
Clara, CA 9@050. Or call (408) 246-7662. It may be
one of the smartest moves you’ve ever made.

CIRCLE 159 ON INQUIRY CARD

e 7ENTEC

MS Family of intelligent terminals: the ZMS-50,
ZMS-70 and ZMS-90 . .. three intelligent solutions to
your system design problems. ... the last word in intelligent terminals.
Sales Offices — Santa Clara, CA, (408) 246-7662; Los Angeles, CA, (714) 975-1285; Richardson, TX, (214) 690-9265; Palatine, IL, (312) 991-0105; White Plains, NY, (914) 428-2801;
Boston, MA, (617) 935-4511; Washington, DC, (703) 941-9270; Austria: Tonko, 425-451; England: Zygal Dynamics, 02405-75681; Finland: Videodata, 90-578-877; France: Tekelec,

(1)027-7535; Switzerland: Atek, 041-831043.



DIGITAL TECHNOLOGY REVIEW ]

|SOFTWARE|

FORTRAN Compiler Meets
ANSI X3.9-1978, Runs
On 32-Bit Computers

Part of a FORTRAN product family
introduced by Systems Engineering
Laboratories, Inc, 6901 W Sunrise
Blvd, Fort Lauderdale, L 33313, For-
TRAN 77+ meets anst X3.9-1978
standards, supports MIL-sTD-1753, and
provides comprehensive structured
FORTRAN. Developed to run on the
company’s series 32 line of 32-bit
computers, the FORTRAN family is
supported by rt™M and mpx-32 real-
time operating systems, and is de-
signed to exploit 32 series hardware
capabilities to improve total system
performance.

Primary features of the FORTRAN
77+ compiler include FORTRAN based,
Pascal based, realtime based, and
industry based extensions that im-
prove program efficiency while reduc-
ing development costs. Extensions
are highlichted by structured pro-
gramming features like po UNTIL and
BEGIN-END constructs. In addition to
filling Anst X3.9-1978 requirements,
the comviler also meets or exceeds
MIL-sTD 1753 and 1sA S61.1 and S61.2
standards.

In addition to FORTRAN+ the fam-
ily incorporates an integrated hard-
ware/firmware /software version of
the scientific runtime library (Scien-
tific Accelerator) and two Softool
performance analyzers. When com-
bined with ForTRAN 664, a hichly
optimized 3-pass processor that sup-
ports a superset of ansr X3.9-1966
FORTRAN 1v, and with the software
runtime library, these products form
a comorehensive family that satisfes
users’ performance requirements while
protecting software investments.

A comnrehensive set of subroutines
that provide operating system ser-
vices, the scientific runtime library
supplies mathematical library rou-
tines, and language extensions for
FORTRAN 66+ and 77+. It is avail-
able as a standalone product for ex-
ecution-only systems without a For-
TRAN compiler.

The scientific accelerator provides
all scientific rTL features plus fully
integrated hardware, software, and
firmware to significantly improve
FORTRAN program execution speeds.
Performance up to 30% better can
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be obtained by linking to accelera-
tor routines rather than rTL.

Softool Instrumentor Utilities aid
in optimizing and debugging pro-
grams. Reporting on execution times
and usage frequency of FORTRAN pro-
grams, they operate on the source
program to determine how much
time each statement or subroutine
has spent executing. This enables
realtime users to pinpoint most crit-
ical performance bottlenecks and
logic flaws.

Circle 181 on Inquiry Card

Extended Pascal
Implementations Execute
Across Computer Family

In implementing Pascal for use with
Data General! computers running un-
der the Advanced Operating System
(aos) Rational Data Systems, 245
W 55th St, New York, Ny 10019 has
provided a structured language that
is compatible with the entire line—
from Eclipse to microNova. All ver-
sions are source compatible and each
can cross-compile for any of the
other systems.

The compilers generate code for a
hypothetical computer with an archi-
tecture optimized for Pascal execu-
tion. The instruction set for this com-
puter is based on 8-bit bytes which
are executed by the computer’s in-
terpreter. Each 8-bit instruction ex-
presses a high level operation, great-
ly reducing memory space require-
ments. By using a dense byte oriented
code to represent programs, the im-
plementations can significantly in-
crease the number of users and size
of programs that may remain mem-
ory resident before swapping occurs.
This results in less system overhead
and quicker response times.

Five distinct implementations are
included in the family. Each is opti-
mized for a particular environment
but is source compatible with and
capable of cross-compilation for exe-
cution by any other implementation.
Each can be configured to take ad-
vantage of specific hardware and
software available. Such options in-
clude Eclipse, Nova, or microNova
processor; hardware or software
multiply /divide; hardware or soft-

ware floating point; and Eclipse char-
acter or commercial instruction sets.

Aos, the first available implemen-
tation, is a high speed, single-pass
recursive descent design that includes
compile time source text “include”
facility. Runtime facility is in the
shared code partition. This means
that no matter how many users are
running programs, there will be only
one copy of the interpreter in mem-
ory. No binding or loading is re-
quired. Output of the compiler is im-
mediately ready for execution, there-
by significantly reducing program de-
velopment time.

This version includes these exten-
sions to standard Pascal: string vari-
ables and intrinsics similar to those
within Pr/1; decimal variables for
business applications; and terminal
files to simplify interactive programs.
Ability to randomly access files easily
extends to 1sAM and vsam. Segment
procedures and functions within the
compiler permit a program to be di-
vided into as many as 16 pieces that
are handled automatically by a
load-on-call mechanism, thus permit-
ting execution of programs too large
to fit into main memory. Another ex-
tension provides access to the host
operating system facilities via a gen-
eralized syscaLL procedure.

Implementations that complete the
family are: rpos/pos single-user that
requires a minimal system config-
uration; RDOS/DOs multiterminal in
which all terminals execute com-
mon code (for dedicated applications
such as order entry); and RpOs/pOs
multiuser via swapping which pro-
vides a low cost system, typically for
turnkey systems. In addition, RpOs
multiuser via extended memory is a
higher performance system that adapts
to number crunching applications
with many users and fast response
time requirements.

Speeds of the compilers vary de-
pending on version and host system
environment, but all are faster than
most language processors available
for Data General computers. As an
example, using an S/130 processor
running Aos with a 10M-byte disc,
the compiler can compile itself in 8
min. A typical l-page program (50
lines) compiles in less than 11 s.

All implementations are provided
on Data General compatible floppy
discs or 9-track magnetic tape. The
Aos version is priced at $3500. Copies
may be obtained on 5M-byte top
loading cartridges for an additional
$200/copy.

Circle 182 on Inquiry Card
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SIEMENS

Take the whole kit & caboodle
or the caboodle alone.

KITAND CABOODLE
(PT80i Terminal)

Freedom of choice is what you get from
Siemens. The choice to select the quiet PT80i Ink-
Jet Printer Terminal in a variety of platen widths,
paper feeds, interfaces and configurations; or just
the “guts” of this remarkably quiet unit, the PT80i
Ink-Jet Printer Module; or, for those of you who
would like to build your own quiet printer, the Ink-
Jet Print Head with support electronics.

Aside from offering choice, the Siemens PT80i
offers a bi-directional printing speed of 270 char-
acters per second with nearly noiseless printing
operation, = 50dB (A) at 270 cps. It also gives you
high quality printing in a variety of type styles on
standard paper.

The technology to do more.

CABOODLE
(PT80i Module)

Extraordinary Speed...Quiet Operation...
Choice...Siemens Quality.

For more information about the PT80i Ink-Jet
Printer, contact us at:

Siemens Corporation
OEM Data Products Division
1440 Allec Street
Anaheim, CA (714)991-9700

District Offices:

Boston, MA (617) 444-6580
Iselin, NJ (201)494-1000
Chicago, IL (312)671-2810
Dallas, TX (817)461-1673
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A UNIQUE CHOICE OF

DATA ACQUISITION SYSTEMS
FOR THE LSI-11/2 AND 11/23.
NOW FROM ADAC.

When it comes to data acquisition transmitters and strip chart recorders to
systems, there is nothing quite like the name a few. Discrete cards communicate
ADAC System 1000 and the new with switch contacts, relays, thumb
System 2000. wheel switches, pumps, motors and
Both systems can operate as low cost ~ other devices. All cards can be pur-
peripheral expanders to any UNIBUS chased as separate items.
computer. When incorporating a DEC A single System 1000 can be supplied
LSI-11/2 or 11/23 microcomputer the with up to 700 high level analog input
systems operate as stand alone control channels, or 128 analog low level input
systems or as remote intelligent channels, or 700 digital I/O functions.
terminals. A typical System 2000 contains a CPU,
The compact System 2000 is built to 64 kilobytes of memory, floppy disc con-
hold 13 half quad cards. If you need troller, 16 channel A/D, 4 channel D/A,
greater capacity, slave units can be uti- 32 TTL I/0 lines, two serial I/0 ports
lized or you can go to the larger System plus room for another six cards of
1000 which accommodates any com- your choice.
bination of 11 quad size cards or 22 half Another nice thing about both sys-
quad size cards. Both systems can be tems is their prices. They start at $995
bench top or rack mounted and have a for the System 2000 and $1550 for the
universal power supply that can support System 1000. So you can choose the
up to 256 kilobytes of memory. combination of price and capability that's
The real heart of both System 1000 just right for your application. Contact
and System 2000 is their incredible ADAC for full details.

number of analog, digital, serial 1/0,
clock, bus and CPU/memory
cards. Functional analog cards
communicate directly with ther-
mocouples, load cells, strain
gauges, isolation amplifiers,

CORPORATION

70 Tower Office Park + Woburn, MA 01801
617-935-6668
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HOW MFE CAME UP
WITH THE MOST ACCURATE,
MOST RELIABLE, AND
MOST EFFICIENT
DOUBLE-SIDED FLOPPY EVER BUILT.
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When diskettes went double-
density, and later double-sided, drive
manufacturers tried to adapt their
original single-sided technology.

But at MFE, we saw that the old
technology would simply be stretched
toits limits. It was time to start again.

So based on where diskettes
already were, and where they were
headed in the future, we designed an
entirely new disk drive from the ground
up. For totally new levels of precision.

And the results are dramatic.

Our drive not only handles double-
sided diskettes with ease, it even antici-
pates still greater disk densities—such
as double-track and quad-density
designs.

SMALLER IS BETTER.
82"

12"

o@@

The smaller package is a more stable base
for high density disks.

We started with the packaging
scheme.

Ifyou lay a standard 8" diskette
on top of the MFE drive, you'll discover
that the drive is barely larger than the
diskette itself. It actually approaches the
theoretical minimum size for a drive.

By keeping internal dimensions
small, we achieved the tightest mechan-
ical tolerances of any drive on the mar-
ket. For example, only 3.4" separate the
disk spindle from the stepper capstan, a
reduction of 54% over the largest sell-
ing drive. And the baseplate, on which
everything else is built, isa full 2%2" to
3"shorter. So no moving partin the
drive moves further than it has to.

And since we were designing from
scratch, we made the entire drive

modular. You can get toall theimpor-
tant components easily, and remove
them without scraping your knuckles
or taking apart the drive.

The new packaging alone yielded
significant improvements. But we went
much further.

THREE KEY INNOVATIONS.
L]

P e -

.-.l[:‘-_-;; -------------- 7

IBM-compatible head eliminates scoring.
Both heads move when unloaded.

1. Tohandle the double-sided problems,
we designed a true IBM-compatible
head, including tunnel erase. Both heads,
when unloaded, move completely away
from the diskette surface, eliminating
any head or media wear.

2. Weintroduced a unique half-step
positioning motor that drastically
reduces error tolerances in track regis-
tration. Because the motor takes 154
steps per diskette side, instead of the
usual 77, it operates far more smoothly
and more accurately. In fact, it is 3%2
times more accurate than the largest
selling drive. And it's designed to be
able to handle twice the number of
tracks per inch.

3. Finally, we developed an optional

DC brushless motor. In one stroke, we
reduced speed variation of the disk
spindle from 2% to a mere 0.4%. We
decreased power consumption by 30
watts, and increased drive efficiency by

The DC brushless
motor makes speed

control 5 times more
accurate than conven-
tional drives.

CIRCLE 41 ON INQUIRY CARD

anincredible 60-80%. And the DC
motor runs so cool, you may even be
able to mount multiple drives without
afan.

A NEW GENERATION.

The MFE drive is the only second
generation double-sided drive, built
from the ground up for higher precision
and more reliable performance.

Where other companies have
reached the end of their technology,
we're just beginning.

And you can get our advanced
design in single-sided versions, as well
as double-sided.

WE’'RE SHIPPING NOW.

Involume. From manufacturing
facilities in the U.S. and Europe.

Ifyou'd like a complete demon-
stration, call toll-free 800-258-3884.

And we'll show you the next
generation of floppy disk drives.

(Ifyou're outside the continental
U.S. call the appropriate office listed
below.)

U.S. Headquarters: MFE Corporation,
Salem, NH 03079, Tel. (603)
893-1921, TELEX 947477.

West Coast Sales Office: Irvine, CA,
Tel. (714) 851-0281.

European Headquarters: MFE Limited,
West Lothian, Scotland, Tel. (0589)
410242, TELEX 727827.

U.K. Sales Office: MFE Limited,
Colnbrook, England, Tel. (02812) 5941,
TELEX 848039.

MFE has worldwide distribution.

In Europe, contact MFE Products Sa,
Vevey, Switzerland, Tel. 021/52 8040,
TELEX 451173, for the distributor
nearest you.
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AUTOMATION SYSTEMS

Bit Slice Approach for Small Stack Processor

Aids Design of Blending System

Gene A. Cummings

The Foxboro Company, Foxboro, Massachusetts

Gerald S. Miller

California Automation, Incorporated, San Diego, California

Control systems for high speed process operations often
necessitate design of dedicated processors in order to
provide the required power and flexibility. Often, of
course, the manpower costs of such designs can be spread
out since the resultant processors might fit the needs of
other systems built by the company.

In the case of a high speed blending system for
handling up to 24 components in either batch or con-
tinuous organization, the processor design was based on
a bipolar bit slice approach. By utilizing microprogram-
ming techniques, useful features could be incorporated
from higher level systems and applications software.

Basic requirements—common to such process control
and automation applications—include efficient use of pro-
gram and data memory space; support of byte, word,
and floating point data; and adequate computational
power, including floating point. In addition, the system
must provide efficient realtime input/output (1/0); sup-
port for multitask programming and interrupt handling;
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and a means for sharing system resources such as buffers,
1/0 devices, and the central processing unit (cPu) be-
tween tasks.

To meet these requirements, and yet do so with a
relatively small processor, a microprogrammable bit-slice
approach using the AMD2900 family of circuits was
chosen. The decision was made in part because The
Foxboro Co already utilized those circuits in several of
its other processors and thus company personnel were
familiar with them.

System Design Features

Model 99S micro-BlendTrol™ monitoring and control
system (Fig 1) was designed specifically for batch or
continuous blending operations. Basic portions are an
input section that conditions pulse input signals from
flowmeters, converts analog input signals into digital
format, and reads digital (contact closure) inputs; a
computation section that receives these data as input to
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WHY PUZZLE OVER PIECES?

Sece the whole picture on Sanders’ Graphic 7

so rapidly that you see all the data you want. Benchmark tests with actual time measurements
have proven Graphic 7 to be the refreshed cost/performance leader. This performance spells
results for your application.

Convenience? Chances are the Graphic 7 will interface directly to your minicomputer’s
parallel DMA channel or connect to your mainframe via an RS-232
time-share link. The Graphic 7 dual microprocessors will handle the
graphics and let your computer do its job more efficiently.

At Sanders we build graphic displays to tough standards and
we support them. The reliability of a solid product backed by a
solid organization helps keep your job on track.

To make sure you get the whole picture of performance,
convenience, and reliability, call us at (603) 885-5280 and let us
arrange a demonstration of the Graphic 7.
Sanders Associates, Inc., Information Products SA A
Division, Daniel Webster Highway South,
Nashua, NH 03061. (603) 885-5280; SANDERS
TWX: 710-228-1894. SHBUCIATES, ING.
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Six years ago Biomation brought you
the first logic analyzer. Today we bring
you the industry’s broadest selection.
And there’s more on the way.

Keeping abreast of the latest technological
advances is half the battle these days. If you're
designing with digital logic — especially
microprocessors — you know how fast things
are changing.

The new demands of digital logic are what
Bill Moore, Biomation’s first chief engineer, had
in mind when he developed the logic analyzer,
back in '73. He called it a “glitch fixer’
designed to track and unravel the mysterious
electronic glitches that plague digital

logic desis

THE NEXT GREAT

Bill Moore was named Man of the Year by
Electronics magazine for his invention.

We're proud of that. In fact, pride is a big part
of everything we do. It’s the secret ingre-
dient in each logic analyzer in our broad line.

Our other “secret ingredient” is good
hearing. We listen carefully to our customers.
Then design our products to meet your
needs. And we keep a finger on the pulse of
technology. So we can understand the
special demands it puts on you.

As a result, we've been first with each
important logic analyzer advance. For example,
when we developed “latch mode” we
gave you the capabilities to latch onto glitches —
random pulses — as narrow as 2 nano-
seconds in current models.




GLITCH FIXER“”.

Today our K100-D includes latch mode —
and much more. It’s the premier logic analyzer
for the most complex logic problems. It
combines built-in display, keyboard input, 16
channels (up to 32 with adapter) and 100
MHz sampling rate.

Not every application requires such a
powerful tool. To meet your special needs, we
can deliver seven models, with 8, 9, 16,

27 or 32 channels, sampling rates to 200 MHz
and memory lengths to 2048 words.

Which glitch fixer is best for your application?
Call us at (408) 988-6800 to discuss your
needs — or any time you need technical assist-
ance. Our application engineers are here

line of loglc analyzers, write for our

to help. For more information on our complete

Write Gould Inc., Biomation Division,
4600 Old Ironsides Dr., Santa Clara, CA 95050.
And the next great

glitch fixer? One
thing you can be %J

sure of. It — and
the one after it—
will be wearing
our name.

== GOULD

An Electrical/Electronics Company
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control algorithms in the programmable read only mem-
ory, calculates a new output value for continuous com-
parison to demand rates, and outputs alarm and blend
status signals; and an output section that converts the
new digital value to an analog signal for control purposes £
so that automatic adjustments can be made to maintain |

|

total blend specifications, and that drives alarm and
blender status indicators. An operator’s control panel
enables the operator to enter tuning constants, to read ; S
or set the process variables, to define system and loop i
options, and to control the blender; a video display allows l
operators to monitor and evaluate the principal param- ;

eters more easily; and a communication interface enables | 9
loop data to be uploaded to a host or downloaded to a -

S5 |
blender. S 7

Core of the system is a microcoded processor (Fig 2)
which drives a 16-bit data bus serving both memory and ————g_—’
1/0 devices. A 16-bit address bus allows either 8-bit byte
or 16-bit word addressing on even byte boundaries. Fig 1 Model 99S micro-BlendTrol monitoring and con-
Address space is either 64k 8-bit bytes (at words O to trol system. Greatly simplified flowchart shows control
32k) or 64k 16-bit words (words O to 64k). unit, flowmeters, and tanks

The arithmetic unit is 16 bits wide, made up of four
AMD2901 arithmetic logic unit (ALU) bit slices. In ad-
dition to internal registers, a memory address register
doubles as the instruction register and a mode register

MICROPROGRAM STORE (ROM) -
[ PIPELINE REGISTER ]
A Y
ARITILoGIE ADDRESS _ | microPROGRAM
UNIT (ALU) MODE ADDRESS
DECODER SEQUENCER
A \ A
Fig 2 System processor. In-
cluded are four AMD2901

microcontroller unit 4-bit slices

INSTRUCTION -
='| e | DECODING and three A'M'02909 microcode
ROM sequencer slices, as well as
INTERRUPTS onboard microprogram ROM

:i INTRPT REG | “ with a capacity of 1k 24-bit

words. Processor drives 16-bit
data bus that serves both
=3 MA/IR 9 memory and 1/0 devices

\ \

I 3S XCVRS I 3S DRIVERS

|

MEMORY AND I/0 BUS
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How to get two pounds of Computation

into a one pound box.
Use MAXIBOX:

Only 15.75 inches high and easily mounted in a
standard 19-inch NEMA cabinet, the MAXIBOX
is the most compact, fully integrated 32-bit
minicomputer available.

Small as it is, MAXIBOX is a full-scale 32-bit mini,
designed to outperform any 16-bit minicomputer.
More important, because it is fully integrated you can
concentrate your design efforts on the functional
aspects of your product with less concern over how to
integrate the mini. For example, MAXIBOX comes
fully equipped with power supply, cooling, and battery
back-up. It operates on 115Vac. It is rack mountable
with only eight screws.

We feel that for the product OEM concerned with
simplified design and maximum return on investment,
MAXIBOX isthe best minicomputer available.

Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 « (305) 587-2900

To find out more about the MAXIBOX, return
the coupon for additional literature, specifi-
cations and pricing information. Or, call
SYSTEMS toll-free.

-------------------------1

[] Have a representative call me.
] Send me a detailed technical summary. I plan to purchase in
[ ] approximately months.

§ NAME
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i TITLE

§ COMPANY
§ ADDRESS

by STATE

PHONE yAlg

L-----

Proven COMPUTER Performance
SYSTEMS toll-free product information service 1-800-327-9716
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provides an additional two bits to the instruction de-
coding as a function of the current data type being
processed. Three AMD2909 microcode sequencers and a
programmable logic array (PLA) generate addresses for
the 1k of onboard microcode read only memory (rROM).

A 7 x 11”7 (18 x 28-cm) printed circuit board con-
tains the entire processor. By also packaging memory
and 1/0 on similar boards, the entire system was con-
tained in a small enclosure similar to a cathode ray
tube (CRT) terminal.

Organization of the microcode instruction format is
designed primarily to permit the speed of simultaneous
data and branching operations while minimizing the
width of the microprogram control store required. En-
coding of the 24-bit microinstruction, shown in Fig 3,
accomplishes this through four different formats specified
by a 2-bit field at the leftmost end of the word.

One format is devoted entirely to unrestricted arith-
metic operations and another entirely to full address
range branches. Of the two remaining formats, one
allows a limited subset of the arithmetic operations
while branching within a local page and the other per-
mits similar operations as well as a multiple return to
the macroinstruction fetch routine. The latter uses a
separate mapping RoM to decode the machine language
instructions (as modified by the arithmetic mode register)
and branch directly to the proper microcode for their
execution.

One advantage made of the microcoded machine is
aimed at reducing the 1/0 hardware by substituting
microcoded operations for the battery of pulse counters
normally required for the flowmeters. The counters are
kept instead in main memory and updated by high speed
1/0 routines triggered by interrupts serviced directly in
microcode. Thus the microlevel machine is shared be-

tween the macrolevel instruction execution and these
transparent counter routines.

Because of the flexibility and power inherent in micro-
programming, a number of “wish list” features from
higher level software could be added to its machine
language operations. The choice of a stack architecture
for the macrolevel machine was a fundamental part
of this.

For example, use of the stack as a working space for
temporary data and an implicit address for instructions
allows control algorithms to be coded directly in Polish
notation. Operands either are pushed onto the stack
from other memory locations or reside there as the result
of the previous operation. An operation such as ADD then
adds the two data words on the top of the stack and re-
places both words with the resultant sum. This becomes
an operand for further operators or may be returned to
a regular memory location. The generality of such oper-
ations permits identical instruction coding for variable
byte, word, or floating point data types.

As a complement to its stack architecture, the processor
also includes a higher level means of accessing data via
descriptor tables. The descriptor is a location containing
an address pointing to the actual data as well as a 2-bit
field specifying its data type. Since the 6-bit descriptor
table index can be packed into the 1-byte instructions
pushing data onto the stack, data can be more efficiently
addressed by this means. Also, by using such data
references, the CPU can be automatically set for the ap-
propriate arithmetic mode (byte, word, or floating point)
according to the data type placed on the stack.

Perhaps the most outstanding feature incorporated in
the firmware is the multitask program scheduler and
interrupt handler, normally a part of operating system
software (Fig 4). This feature is particularly useful in

=2

ALUOP RB | RA | RBX | RAX |
. A CoE Fig 3 Microinstruction encoding. Four
i xor RB | RA | KMADR |  different microcode formats are deter-
] - mined by coding of 2-bit field at leftmost
- - = ; end of word. Sharing microcode fields in
T atvor | re | RA | Kk/ADR specialized combinations of functions
B . minimizes microprogram storage
JMP ‘K/JADR

80

COMPUTER DESIGN/OCTOBER 1979



When your 16-bit computer
starts running out of gas...

vou need MAXIBOX

MAXIBOX is a full-scale minicomputer designed to outperform any
16-bit and most 32-bit computers.

Any ofthe 15 slots in its flexible backplane can be used for I/O
controllers, CPU options, peripherals interfaces, and up to 1 MByte of
fast, economical MOS memory. Its standard 256 KByte configuration
leaves you with 9 “nondedicated” slots for total design flexibility.

No other mini of any size can offer 26.7 MByte bandwidth on a
computer that requires only a 115Vac utility outlet. With 600 ns ECC
MOS memory for maximum computation speed and a virtually
universal backplane, MAXIBOX is a must for “peripheral intensive”
designs or products where speed, space and power are prime
considerations.

Furthermore, MAXIBOX is fully compatible with the broadest 32-bit
product line in the world. SYSTEMS’ RTM, the most thoroughly
field-proven 32-bit operating system available, is currently installed in
hundreds of SYSTEMS processors.

Writable Control Store allows you to tailor the MAXIBOX to your
product environment. Regional Processing Units let you develop
sophisticated intelligent I /O controllers and give you parallel

processing never before available; it’s like having an independent
processor attached to the MAXIBOX for discreet I /O functions.

We feel that for the product OEM concerned with simplified design and
maximum return on investment, MAXIBOX is the best minicomputer
available. To find out more about the MAXIBOX, return the coupon for
additional literature, specifications and pricing information. Or, call
SYSTEMS toll-free.

[ i - D SN GD D S D SN SR G R SR ey
(] Have a representative call me.
1 (] Send me a detailed technical summary. I plan to purchase in 76 ]

I approximately months.

1 NAME
TITLE
COMPANY
ADDRESS
ey - _ STATE
PHONE. . _~" > .« o o ZIP

-------------------------J

Proven COMPUTER Performance

SYSTEMS toll-free product information service 1-800-327-9716 &
Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900
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\
TASK 1 >1 MACHINE
TASK 2 STATE
L | TASK 1
TASK 4 STACK
END (-1)
TASK STACK
POINTER TABLE ¢
IN SCHEDULER A
MACHINE
STATE
TASK 2
STACK
J
I Sp } URRENT ]
& Fig 4 Scheduler’s method of
TOP OF e
;ﬁggis‘fgzm STACK suspending tasks (Task 3 run-
R TASK3  ning). To run any suspended
STACK task, scheduler need only
know where top of that par-
ticular stack is located, as in-
) dicated by stored pointer
N
MACHINE
STATE
$1A5K4
STACK
.

realtime control systems to allow independent program-
ming of the various activities that must take place—
and interact with each other—in real time. The firmware
scheduler automatically resolves their conflicts based first
upon the system resources they require and then upon
task priorities, and schedules their shared use of the
processor. One task program will always be running in
the processor at any time and the remainder will be sus-
pended, their context stored as if interrupted, in various
stages of completion.

Once these resource dependencies are programmed into
each task, the programmer can treat them independently
and the scheduler will handle their realtime interaction.
Tasks are normally released from suspension either by
the other tasks or by the interrupts which make the
resources for which they are suspended available. Even
the realtime clock can be treated as such a resource, thus
allowing tasks to be run at regularly scheduled intervals
such as once a second.

Controller Tasks

A standalone multiloop controller in the blender system
contains keyboard, cRT display, communications inter-
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face, and analog and digital 1/0. Individual tasks of the
software configuration (Fig 5) are assembled as inde-
pendent programs. A short initializer links the tasks to
the scheduler, turns on the interrupts, and places the
system in run mode.

The communications task is interrupt driven from the
communications 1/0 interface. Multiple blenders can be
connected to one communications line. Each blender is
given a number by the user, which is entered using the
blender keyboard. All blenders on a line listen to com-
mands from the host, but the only blender which responds
is the one having the identification number matching that
in the command from the host.

A communications 1/0 driver buffers all messages to
and from the host. The driver does not request the com-
munications task to run until a complete message has
been received or sent. At this time, the communications
task either processes the message received from the host
if waiting for a command, or sends the next line of the
reply (if any) for the command it is currently processing.

Possible commands from the host include downloading,
uploading, requests for selected data from a specified
loop, requests for selected data from all loops, and
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UK NEPDLIY RELUTE

A

How can you get a bigger byte
without a ballooning budget?

Use MAXIBOX:

Simply stated, for the product OEM concerned i rehend SRt L S
with simpliﬁed design and maximum return on 1o Senf.l me a detailed technical summary. I plan to purchase in 76 1
investment, the MAXIBOX offers the greatest : :‘X’;’g'ma'e"’ e :
price/performance advantages available in a B i
32-bit minicomputer. :TLE i

To find out more about the MAXIBOX, return : A(D)::::: :
the coupon for additional literature, P 1
specifications and pricing information. Or, call ol g U
SYSTEMStoll-free. LPiOEE- e N N -ZE- [ ————— |

Proven COMPUTER Performance

SYSTEMS toll-free product information service 1-800-327-9716
Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900
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Socket Connectors— .
IDS Series

For pluggable termination

of cable to header mounted
on PCB. Single piece body for
easy assemnbly, fewer parts to
inventory. Cover latch and
optional strain relief for
operational reliability.

T
Transition Connectors—
IDT Series :
Used to attach cable permanently to
PCB, Has rugged single piece design
for fast assembly and high reliability.
Cover latch swivels for easy cable
insertion.

Cable Plugs—IDP Series
Offer fast, easy plugging of cable
to PCB directly or into DIP
sockets. Tapered pins assure
quick, easy insertion into
DIP sockets. One unit
design speeds handling and
-assembly. Cover latch swivels
~" for easy cable insertion.

Headers—
IDH Series
Mounts permanently to
PCB and accepts socket
connectors. In straight or right
angle mounting—for solder or
wrap/pin termination. Handy ejector/
latch available—when closed it locks
socket into place and serves as ejector
when open.

Laminated Flat Cable
RN offers both cable and connectors—your
assurance of “single source” reliability.
Available in white or color coded
100 foot rolls in 10 thru 50
conductor sizes.

\J




It now...a truly economical

cable system

for high speed assembly
using tooling you already have

This RN IDC System delivers what engineers want...

® Advanced automated manufacturing facilities enable RN to cut costs
—pass the savings on to you

® Fewer pieces for faster assembly, reduced inventory
@ Can be assembled with IDC tooling already in place

® Each connector made more rugged, more resistant to shock,
vibration and cable strain

® Assured reliability and compatibility of cable and connectors —
RN supplies both

Economical, easy to use—once properly adjusted,
all RN IDC connectors can be assembled with a
simple base plate change

Hand Held crimp tool Bench mounted

, for assembling IDP crimp tool for
series Cable Plugs and assembly of all RN
IDT series Transition IDC connectors.
Connectors

WRITE TODAY for new Robinson-Nugent
Insulation Displacement Connector catalog with
complete specifications and dimensions on the
entire IDC product line.

OBINS ON
NUGENT ING.

00 East Eighth Street, New Albany, Indiana 47150 « Phone: (812) 945-0211 — TWX: 810-540-4082

®
8
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

CLOCK KEYBOARD COMMUNICATION PROCESS
INTERRUPTS INTERRUPTS INTERRUPTS INTERRUPTS
KEY SCAN MICROPROGRAMMED .
SUBROUTINE OPERATING SYSTEM NTIALIERR
PRIORITY 3 PRIORITY 4 PRIORITY 2 PRIORITY 1
ALGORITHM CRT KEYBOARD comaumcxnous]
TASK TASK TASK TASK GLOBAL
DATA
LOCAL DATA LOCAL DATA LOCAL DATA LOCAL DATA
PROCESS 1/0 CRT 1/0 ngmummno: 'fl
Fig 5 Software configuration. Individual tasks are assembled as independent programs, each com-
peting for system resources according to its priority. CRT task—with lowest priority—runs only in
free time

changing selected data in a specified loop. Download and
upload data messages are sent as strings of hexadecimal
AscIl characters in which two characters represent the
binary value of one byte of data. Each download or
upload record contains the record number, 60 hexa-
decimal characters, and a checksum.

The addressed blender always responds to each com-
mand from the host, either with an Ack for successful
execution, a NAK for unsuccessful execution, or the re-
quested data for those commands which request data. A
total of 20 main commands is provided.

A keyboard task runs only when a complete command
has been entered by the user at the blender keyboard, as
determined by the keyboard scanning subroutine. This
subroutine is called from the clock interrupt and executes
a 3-state algorithm to identify a valid key, accept the
key, and proceed to identify the next key. When a com-
plete command has been entered (which can be a single
key for some commands) the keyboard task is requested,
through the microcoded executive, to run.

The keyboard task parses the commands, checks the
parameters (if any), and makes context checks. If legal,
the keyboard task then executes the command. Some
commands have two cycles, in which the first cycle
selects data to be displayed and the second cycle accepts
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a new value to store for the selected data. All of the
program codes and loop address functions are 2-cycle
commands. Data types which can be displayed and
entered are binary masks, integer and floating point
numerics, and ASCII strings.

All blender loops and control blocks are created and
parameterized through the keyboard task. Also, all of
the blend control buttons such as START, STOP, LOCAL,
and coMP are processed by the keyboard task. A total of
116 program functions is provided, in addition to the
dedicated key functions.

The algorithm task periodically processes all of the
active blender loops and calculation blocks defined in the
blender system. Each blender loop is executed every 0.1 s,
and each calculation block is executed at the period as-
signed by the user. The algorithm task itself is requested
to run each 0.1 s by the clock interrupt.

For each active blender loop, a transformation from
turbine meter counts to control valve position is com-
puted. The turbine meter counts used are those which
have accumulated in the most recent 0.1-s period, and
thus represent the flow rate increment received by that
loop for that period. Variables which may be displayed or
changed from the keyboard include loop name, loop engi-
neering units, specific gravity, loop turbine meter K
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Here’s the fastest GIEE)
graphic peripheral available today...

and it programs like a plotter.

A

With the HP 1350A Graphics Translator and
one or more HP electrostatic CRT displays,
there’s no faster way of seeing your system'’s
output. You can get a quick reading - then plot
if hard copy is needed.

Because it's HP-IB* compatible, the 1350A
is easy to add to your system. It lets you present
different information simultaneously on up to
four CRT displays.

And, it makes writing a program for a CRT
display as easy as programming a plotter. An
optional binary cassette tape for the HP 9825
Desktop Computer simplifies programming and
lets you use the same routines on both CRT’s
and plotters.

The 1350A lets you update the display se-
lectively. For example, in an application such as

HEWLETT (hp,

sequential testing, you can view multiple data
plots (A) on a CRT and update only a portion
of the display for rapid comparative measure-
ments. It also provides convenient operator
interaction. You can display program listings (B),
normal and expanded displays, or a cursor

and its coordinates.

Ideal for use with HP Data Acquisition and
Network Analysis Systems, the 1350A Graphics
Translator, priced at $3,450**, is a useful tool
anywhere a fast, high-resolution graphic presen-
tation of information is needed. Write for
Application Note 271-1, or call your local HP
field engineer for complete details.

*HP'’s implementation of IEEE Standard 488-1975
**Domestic U.S.A. price only

PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282 088/12
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The world’s best
floppy disk controller.

Now there are two ways to get the simplicity, power and flexibility of our
floppy disk controller: NEC’s uPD765 chip, or the BP-2190 board from
NEC Microcomputers.

The innovative uPD765, developed and introduced by NEC, has
become an industry standard and will soon be second-sourced by a
U.S. semiconductor company. It's simple to build into your system,
because the standard 40-pin, +5V design is totally compatible
with IBM single- or double-density format floppies and 5%"
mini-floppies, as well as standard 8" drives.

It’s powerful too, executing 15 complex commands including
many subroutines usually found in a disk handler software
package. Plus it controls up to four double-sided drives.

And the 765 gives you unequalled flexibility in programming
your controller system through such commands as Multi-Sector
Reads and/or Writes, Track Formatting, and Multiple Drive Seeks.
It operates in either DMA or interrupt-driven mode, and interfaces
to all popular microprocessors, including our uPD8080AE,
wPD8085A and uPD780 (Z80™).

For board applications, you get all the capabilities above and
more. The BP-2190 board includes the 765 and 16K of dual-
ported RAM (expandable on-board to 48K), along with priority
and refresh logic. Disk-to-RAM transfers are under DMA control

Controller Chip REPS: Action Unlimited, Arlington, TX, Spring, TX; Cerco, San Diego, CA; Contact Sales, Inc., Burlington, MA; D/Z Associates, Inc., Denver, CO;
Electronic Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; HLM Assoc., Torrington, CT, Northport, NY, Parsippany, NJ; Imtech, Inc., Cleveland, OH, Dayton,
OH; K-Mar Enginererir;a & Sales, Inc., Grandview, MO; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH COLUMBIA; L & M
Associates, Pikesville, MD, Montpelier, VA; Harry Nash Associates, Willow Grove, PA; R.C. Nordstrom & Company, Lathrup Village, MI; Perrott Associates, Inc., Fort
Lauderdale, FL, Clearwater, FL, Orlando, FL; Santana Sales, Costa Mesa, CA; Stone Component Sales, Waltham, MA; Technology Sales, Inc., Palatine, IL; Trident
Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA; 20th Century Marketing, Inc., Huntsville, AL, Knoxville, TN; Wolff's
Sales Service Company, Raleigh, NC.

DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO,
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnn/ale. CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/Lakeland, Inc., Elk grove Village, IL; Diplomat/IPC
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland, Inc., Farmington, MI; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis,
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; Intermark Elec-
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX ; Kent Electronics, Houston, TX; G.S. Marshall, Sunnyvale, CA, Canoga Park, CA,
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT; Milgray Electronics, Inc., Freeport, NC{ Orange, CT; Quality Com-
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, MI, Columbus, OH; gesco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc.,
Chicago, IL, Burlington, MA, Farmington, MI, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX, Tukwi? , WA; Summit Distributors, Inc.,
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA.

COMPUTER DESIGN/OCTOBER 1979



with the werks.

which keeps host processor overhead to a minimum. And mixed

densities and sizes are handled with ease. All of this on a single

ready-to-run board that plugs directly into a Multibus™ system—

and we'll supply the software drivers, too.

O  - The uPD765 chip, or the BP-2190 board. Either way, it’s the

oy e ( y world’s best floppy disk controller. Backed by full documentation,

’ - : testing, and engineering help for specific application problems.

______ For more information, attach your business card or letterhead

.......... s ‘ to this page and send to NEC Microcomputers, Inc., 173

' ; \ o Worcester Street, Wellesley, MA 02181. Or contact the

e \ s regional office near you. WESTERN REGION OFFICE:

YRR A e il Orange, CA at (714) 633-2980; EASTERN REGION

' | OFFICE: Melville, NY at (516) 293-5660; MID-

WESTERN REGION OFFICE: Des Plaines, IL at

(312) 298-7081; SOUTHERN REGION OFFICE:
Dallas, TX at

®
™Z80 is a trademark of Zilog Corporation.
™ Multibus is a trademark of Intel Corporation.

E

NEC Microcomputers, Inc.

Controller Board REPS: Action Unlimited, Arlington, TX, Spring, TX; Cerco, San Diego, CA; Contact Sales, Inc., Burlington, MA.; D/Z Associates, Inc., Denver,
CO; Electronics Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH CO-
LUMBIA; Santana Sales, Costa Mesa, CA; Trident Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA.

DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuguerque, NM, Wheatridge, CO,
Salt Lake City, UT; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; Diplomat/Lakeland, Inc., Elk Grove Village, IL; Diplomat/IPC
of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland, Inc., Farmington, MI; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis,
Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; Intermark Elec-
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX; Kent Electronics, Houston, TX; G.S. Marshall, Sunnvale. CA, Canoga Park, CA,
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT: Milgray Electronics, Inc., Freeport, NY, Orange, CT; Quality Com-
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, MI, Columbus, OH; Resco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc.,
Chicago, IL, Burlington, MA, Farmington, MI, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX; Tukwila, WA; Summit Distributors, Inc.,
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA. CcD-2
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

factor, loop normalization factor, proportional gain,
integral (reset) gain, high and low flow alarm limits,
plus and minus quantity error alarm limits, plus and
minus quantity error shutdown limits, loop pacing param-
eters, and valve position. All values and variables are
entered in engineering units or customarily used units
such as proportional band (PB).

For each active calculation block, an algorithm cor-
responding to the block type is executed. The block types
include analog input, proportional/integral control, ana-
log switch, contact input, equation, and constant. All
parameters can be entered or displayed through the
keyboard, in customarily used units, and the blocks may
be linked together or to blender loops by keyboard
selection. General parameters include period, block name,
block units, and on/off status. Other parameters specific
to the block type include hardware address, proportional
gain, reset time, contact number, input designations,
operands, and operators.

The crr task selects and formats all of the displays
presented on the CRT. It also checks the blend loop alarm
limits and shutdown conditions, and calculates the rates
for blend ramp up and ramp down.

This task is requested once each second by the clock
interrupt. Each crRT display contains a static and a dy-
namic part. The static part contains those fields which
do not change once they have been output, such as loop

names and engineering unit labels; it is output only
when a new display is selected. The dynamic part is out-
put with the static part, and then each 1 s thereafter.

Other Processor Applications

The small stack processor originally designed for the
micro-BlendTrol application has also been used in the
company’s other products. For example, it controls the
universal field multiplexer, a data acquisition system
used in the sPECTRUM™ distributed process control sys-
tem; and the same hardware emulating another instruc-
tion set appears in the MICROSPEC™ unit controller
module.

While the loss of some speed owing to the extra
memory accesses required for stack and descriptor oper-
ations makes it unsuitable for certain applications, the
processor easily regains the advantage in any application
that makes effective use of its higher level machine code.
Obviously such code runs much faster than similar soft-
ware programmed in a more conventional machine lan-
guage. Such considerations would make it very adept at
running higher level language interpreters, for example.
Its use in products to date, however, has been limited to
applications where dedicated machine language program-
ming of small realtime process control systems has made
its minimal use of memory and multitask operating sys-
tem its most useful features. O

“I'need a
compact, lightweight

printer to build into my
system. CDI's 03, weighing in
at4lbs., isit.” d

“Reliability is what " | look for.
CDI's all solid state circuitry and
the fact that it has logged over
1,000,000 hours of use sold me.”

“The 03 “ has 50 cps printing
and offers upper/lower case,
dual fonts (APL available)

and 80 or 132 columns.”

“The 1201 also has
96 character upper/lower
interchangeable and user

selected fonts and standard
interfaces.”

90 CIRCLE 51 ON INQUIRY CARD

ONCE OEMS GET THEIR HANDS ON OUR
QUIET LITTLE PRINTERS,
THEY MAKE ALL KINDS OF NOISE.

“With the Q3
Plotting Option,
we get
.017 inch dot
resolution plus
80 and 132 column

printing formats.”

Want to know ““what all the talk
is about? Write for details.
Computer Devices, Inc..

25 North Avenue, Burlington, MA
01803. Telex: 94-9398. Or
telephone 617-273-1550, or

toll free: 800-225-1230.

We travel in the best companies.

COMPUTER
DEVICES inc:
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“We need a versatile data processor that will save on
installation costs and reduce our programmmg concerns.
What’s available?”

Hitachi’s answer:
the Distributed Intelligent
Process Input/Output (DPIO)

Subsystem.

* Total cable length: Max. 2 km 4
J—_ ~ * Transfer speed: 250 kbps ~ ~ Max, BDFIO

Computer interface * 1 pair shielded cable

; (DMA transfer)
, T T -
DPIO No. 1 LS — — : A 7

Back-up data
transfer cable |

{optional)

Digital: Approx. 250 points
Analog: Max. 80 points

DPIO answers your needs with these excellent features:

e Minimized cabling, an important factor in reduced installation
costs.

e Front connector for direct linking with external cable
(AWG Nos. 14-20) — a feature that minimizes field wiring.

e DPIO 7660’s intelligence performing linearization, cold junction
compensation, span calibration, limit check, etc.

e Extreme flexibility in adapting to different system sizes.

e Large repertoireof I/Ocards..... digital, analog, pulse and
interrupt.

e Reduced power consumption by use of C-MOS circuit and
low power input/output circuits.

i i i San Francisco Office
HltaChl Amerlca' Ltd' 100 California Street l I ITA c H I
San Francisco, California 94111
Tel: 415-981-7871 Hitachi, Ltd. Tokyo Japan
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can happen in a flash.

But volatile memories

don’'t even notice with
CE DataSentry.




RAMS live in a violent world.
ghtning strikes, generator switch-
ers, accidental unpluggings,
ower shutdowns within the
uilding . . . all threatening to
estroy volatile memory.

The simple, reliable, inexpensive
Dlution is board-mountable
atasSentry® standby power. Dual In-
e Packaged (DIP) DataSentry® bat-
eries mount right on the circuit
oard or in standard DIP sockets —
liminating costly mounting hard-
are, interconnect wiring and
ssembly costs. And the multi-pin
esign and rugged, sealed plastic
pse provide mechanical intergrity.
ow there’s even a hlgh-
temperature Gold Top
DataSentry.

Higher temperatures need no
bnger be a design problem for
andby power. The new Gold Top
atasSentry® battery offers long life
high temperature environments,
ith excellent durability even to 70°
entigrade. If you've considered
andby power, but high
emperature was a problem, Gold
op DataSentry® should be the
nswer!

A voltage to match your
design requirements.

Both standard and Gold Top
DataSentry® batteries are available
two voltages: 2.4 and 3.6 volts.

Multiples of these two sizes allow
you to custom match standby
power to the requirements of your
system. For example: if you need
6.0V, simply combine one 2.5V and
one 3.6V module. You can match the
voltage you need by simply combin-
ing inexpensive standard com-
ponents.

Versatile discharge rates.
At room temperature
DataSentry® will typically support a
small memory drawing 10
microamps up to 3 months, or a
larger memory drawing half an amp

for more than five minutes. And for
even greater requirements, General
Electric offers an extensive line of
larger capacity batteries.

Reduced costs —
increased reliability —
maximum performance.

DIP configured DataSentry® bat-
teries allow you to take full advan-
tage of standardized board
manufacturing techniques, as well as
high volume soldering and cleaning
processes. Which means less produc-
tion time and low costs.

It took General Electric's tech-
nological leadership to combine
the proven reliability and long life
of rechargeable nickel-cadmium bat-
tery technology — with a standard
DIP package. The result is a board-
mountable battery that requires no
maintenance, offers continuous
overcharge capability, the versatility
of both high and low discharge
rates, a flat discharge voltage profile
and a resealable safety vent. And
recharging is easily accomplished by
integrating an inexpensive charge
circuit during board fabrication.

Write today for complete specs
and a free sample. (Offer good
through December 1980 — Limit one
per inquiry.) GE Battery Dept.

P.0. Box 861/Gainesville, FL 32602

Improving Your Designs with Rechargeable Standby Power.

GENERAL @B ELECTRIC
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Spectrophotometer System Analyzes
Fabric Dye Shades Online

“On-the-run” adjustments to dye ranges—while the fabric
is moving through the processing equipment at over 100
yd (91 m) /min—are possible with the Qualscan system
installed at Greenwood Mills’ Orangeburg, sc finishing
plant. During a period of several months of continuous
operation, over 10M yd (91M m) of cloth have been
scanned.

In standard industry practice for textile dye house
operations, 18” (46-cm) swatches of fabric are removed
periodically, sewn together, and examined in a specially
lighted area—by a human—for color shade acceptability.
Because the production and material handling equipment
is stopped only once every 2000 or 3000 yd (1800 or
2700 m), all cloth between stops might be defective.

The computerized online color analyzer, introduced by
Ford Aerospace & Communications Corp, Process Control
Products Operation, Charlotte, Nc, electronically scans
moving fabric and spots off-shade colors. There is no
stopping of equipment, human-element decisions and
possible variations in interpreting standards are elimi-
nated, and color deviations are noted immediately.

Designed to provide color measurement by large scale
fabric finishers for use on continuous dye ranges, the
digital abridged spectrophotometer system contains a
precision scanning color head that traverses the width
of the cloth as it leaves the dye range. Within the head

Scanning color head (cover removed to show detail) in Ford
Aerospace’s fabric color analyzer. Data from 16 color sensi-
tive silicon detectors are compared to shade tolerance
thresholds in computer memory. Fabric illumination is pro-
vided via fiber optic light pipes

94

are 16 color-sensitive silicon detectors behind precision
color filters of very selective bandwidths. To eliminate
drift and instability in the color detection circuitry caused
by heat from the light source, a remotely located quartz
halogen lamp uses fiber optic light pipes to illuminate
the fabric inspection area. Built-in reference standards
check scanning head accuracy every 30 min.

In the procedures to locate shading inconsistencies,
the system scans long runs of dyed fabric in side-center-
side (across the fabric) as well as end-to-end procedures.
Color information is presented to the dyer as a contin-
uous CRT readout and as hardcopy on a high speed
printer. Deviations from color shade values assigned by
the dyer and placed in computer memory as shade tol-
erance thresholds are automatically flashed on the screen

for immediate action.
Circle 160 on Inquiry Card

General Purpose Robot Taught to
React to Unpredictable Deviations

Teaching a computer controlled T? industrial robot to
perform its repetitive duties—but yet be able to deviate
for changes in normal sequences—is greatly simplified
by “walking” the robot through the intended sequence
of events. Cincinnati Milacron, Cincinnati, ou 45209,
has found that what might otherwise become a tedious

0AO01

MO005
INTERRUPT POINT

0802

0A02 0BO1

0A02

0A03

STANDARD OFFSET = BRANCH 0A
INTERRUPT OFFSET = BRANCH 08B

Offset branching programming for robot cycle. At each point
where offset branch is programmed, proper input signal is
checked and branch is entered if input is active. Interrupt
offset allows for “anywhere, anytime” shifts in cycle to allow
reaction to expected but unpredicted deviations
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Make your readouts outstanding
with the latest Itron innovations.

Nz N2 N2 N7 w20 70 N NA A N7 Nzl N7 (71
I/l\l M\l m\l r/m m\l !/J\i l/l\l m\l //l\l I/N M\i //N A} [
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80 100

60 ahil ///‘/20

bar graphic par eg phanumeric
unlts. These latest, and all the other Noritake Itron
advancements, are sure to open up new readout innova-
tion opportunities for you.

And you'll realize all the advantages offered by Itron Fluores-
cent units over ordinary digital displays. Their cost-effective
pricing and simple, fast installation will save you time and
trouble, as well as a great deal of money. Interfacing with peri-
pheral circuits is easy too; further reducing costs. They operate
at low voltage and consume little power. Their bright fluores-
cent output and flat-glass packages make for easy readability, at
a distance and at wide viewing angles, even under high ambient
light conditions.

What's more, Itron displays have
a proven long-life track record for
reliable performance under strin-

50 500 550 600 65 gent conditions. And we can quickly
and economically fabricate custom
WAVE LENGTH (nm) configurations. Since there’s much FLUORESCENT
more you should know to make an DISPLAYS
optimum display selection, contact Patented and manufactured by
INTERNATIONAL REPRESENTATIVES us for all the particulars. ISE ELECTRONICS CORP.

WEST GERMANY: Neurnuller GmbH, Eschonstr 2, 8021, Taufkirchen,
Munich Phone. 089/6118-245 Telex. 522106 MDITAVE ATODNMINS n
NORITAI TRONICS, INC.

i ot o ek L e okl LA. OFFICE: 22410 Hawthorne Boulevard, Torrance, CA 90505, (213) 373-6704, Telex: 67-4910

UNITED KINGDOM: ITT Meridian, West Road, Harlow, Essex GM20 N.Y. OFFICE: 41 Madison Avenue, New York, NY 10010, (212) 481-3440, Telex: 12-5469
2BP Phone. 0279-35351 Telex. 817202

SWEDEN: AB Nordquist & Berg, Box 9145 S-10272, Stockholm NORITAKE COMPANY, LIMI
Phone. 08-690400 Telex. 10407 JAPAN: 1 -1 Nontake Shinmachi, Nishiku, Nagoya -Shi, (052) 561-7111, Telex: J59738
HONG KONG: Phone. 5-232420 TAIPEI: Phone. 351-0293 EUROPE: Burotel Belgium SA, Rue de la Presse 3-5, 1000 Bruxelles, (02) 217-83-60, Telex: 4626962
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

procedure not only eases teaching but also simplifies
operation.

An example of this is shown in the robot’s “branching”
ability. Three types of branching—conditional, offset,
and interrupt offset—enable the robot to perform sec-
ondary functions: add, change, and delete. Such ability
to make decisions based on input conditions permits
tailoring of a general purpose robot to specific applica-
tions.

For conditional branching, a signal from an associated
equipment would cause the robot to deviate from its
normal sequence and to perform one of the secondary
functions. For example, if the robot were loading parts
into a turning center and a signal from that center indi-
cated that the part was not ready, that the door on the
machine was closed, that the spindle was still in motion,
or that the previous part was not completed, the robot
would not move forward in its sequence and load another
part. Instead, it would either wait or go on to another
step.

Teaching offset branching is simplified by software
available in the robot control. In an example where the
robot is loading or unloading parts onto or from skids
and pallets, repetitive moves are taught as a subroutine.
After one instruction period, the robot control remem-
bers the subroutine (including such moves as stop above
pallet, move down, release part, move up) and calls it up
as needed during an actual job.

Interrupt offset, known as a utility branch, can be
entered anywhere in the robot cycle after being triggered
by an external signal. It is actually a contingency pro-
gram for reaction to expected but unplanned events. For
example, if welding tips stick and weld themselves to the
workpiece—an expected occurrence in a spotwelding ap-
plication, but one that is impossible to predict in time
span—the robot would cause the welding tips to move in
a series of previously taught twisting motions to free
the tips. It could also simultaneously signal the operator

that the welding tips require attention.
Circle 161 on Inquiry Card

Energy Management System Reduces
Natural Gas Fuel Costs by Half

Decreased consumption of natural gas and/or propane
during a 6-month test period—resulting directly from
the installation of an energy management system—re-
duced fuel bills by 50% in the most energy inefficient
building in Winnebego Industries’ Forest City, Iowa

96

complex. The company estimates that the cost savings
during that period alone exceeded the cost of software
development, hardware purchase, and installation. As
a result, the system—designed by Billings Computer
Corp, 2000 E Billings Ave, Provo, ur 84601—will be
extended to the remaining 11 buildings.

In the full system, there will be at least one controlling
microcomputer in each building, with very large buildings
having several satellite computers connected to a master
computer in order to simplify wiring to sensors and
peripheral devices. All buildings will be monitored and
controlled from a single keyboard in the maintenance
building. Each master computer will function indepen-
dently, managing its building according to a program
and instruction tables and schedules loaded in from the
central keyboard. Upon request each master computer
will transmit status tables to the maintenance building.

At present, the system monitors temperatures at var-
ious locations in the building as well as flow rate of
natural gas and/or propane into the building. All unit
heaters, exhaust fans, and air make-up units are con-
trolled according to predefined production schedules and
schedules for the temperature setpoint of the building.
Software also provides for error handling with alarm
signals sent back to the maintenance building.

Data accumulation features in system software include
current value tables, selectable accumulators, automatic
accumulators, and weather station history. Requested
data are summarized and saved in memory awaiting
retrieval. More than 1 yr of information is accumulated
in summary form of last month, last week, last day,
last hour, and last 15-min intervals. As the tables fill up,
the oldest information is summarized to form an element
of the next higher table of the cascade.

Selectable data accumulators obtain high, low, integral,
and average of a sensor output from a prespecified start-
ing day and time to a prespecified ending day and time.
The allowable time interval is 5 min to 110 yr.

Master control consists of a 64k-byte Microsystem with
an external, 1M-byte, 8” (20-cm) double-sided floppy
disc drive, X-Y plotter, warning light, and alarm buzzer.
The system addresses 16 separate inputs (monitoring de-
vices) with measurement accuracy within 0.1%.

A parallel 1/0 board allows the system to open or
close circuits to 24 separate devices or sense their operat-
ing modes. A relay section attached to the board contains
an equal number of amplifiers and can drive signals over
twisted pair cable for up to 500 ft (180 m). For applica-
tions with remote controlling requirements, a multiple
input/output board containing four high current ampli-
fiers will drive signals over twisted paid cable for up
to 2 mi (3 km).

Circle 162 on Inquiry Card
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Color
hard copy
isfinally
at hand!

Color hard copy: the luminescent
electronic image, captured in the per-
manence of photographic prints and
transparencies. Dunn Instruments
makes it brilliant, accurate and effort-
less to obtain from an affordable
system. At last you can hold the new
computer graphics and digital images
in your hands.

The source is the 631 Color
Camera System. It packs a high resolu-
tion, high linearity CRT, sophisticated
optics and microprocessor exposure
control into acompact, fastand friendly
unit. For instant hard copy for immedi-
ate analysis, use it with Polaroid Type
808 fllm to make stunnlng 8x10 color
prints. Add the
optional motor-
driven 35mm
system for
beautiful color
| slides. Or load
8x10 transpar-
ency film and
S produce
T
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.-
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“Polaroid" is a registered trademark of the

Polaroid Corporation

LANDSAT image courtesy NASA-Ames Research
Cartographic study courtesy Harvard Laboratory
for Computer Graphics. Management information
graphics courtesy ISSCO.
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Actual 631 images on Polaroid instant 8x10 film.

images you can project overhead.
The 631 economically records the
data from any raster scan CRT, for
presentation, reproduction, access
and display. Applications range from
management information graphics to
satellite remote sensing. Call or write
for more information. We'll arrange for
you to get your hands on actual results
from the 631 Color Camera System.
Dunn Instruments, Inc.,
544 Second Street, PO. Box 77172,
San Francisco, CA 94107.
415/957-1600.

The 631
COLOR
CAMERA
SYSTEM
A At EE

DUNN
INSTRUMENTS




From PERCOM - for Your Mini-Disk Drives ...

Low Cost,
Ready-to-Use Power Supply -
1-, 2- and 3-Drive Enclosures

the PS-401

Used on Percom’s LFD and TFD series of 5%-inch
mini-disk drives, the PS-401 power supply comes com-
plete with ac power cord, dc connector, on-off switch
and fuse. Install, plug into ac and your drive is ready.

The +5-volt and +12-volt outputs of the PS-401
are conservatively rated for most mini-disk drives includ-
ing Shugart’s SA-400 and SA-450 models, Pertec mod-
els FD-200 and FD-250, Wangco models 82 and 282,
MPI's model B51 and the MOD | and MOD Il units
manufactured by Micropolis.

The PS-401 features thermal overload protection
and short-circuit current limiting. Operating ambient
temperature is from 0°C through 40°C. Storage is from
-22°C to 50°C.

Input for the domestic versionis 117 Vac, 50-60 Hz,
0.5 ampere (max). Foreign country version operates on
230 Vac, 50-60 Hz at ¥4 ampere (max).

Order PS-401 power supplies by calling Per-
com’s toll-free number: 1-800-527-1592.

Drive Enclosures

These pre-drilled metal drive enclosures may be or-
dered in standard blue, silver or brown enamel finish.
Other colors are optional. Rubber bumpers for desk-top
operation are permanently attached.

Order 1-, 2- or 3-drive enclosures by calling
Percom’s toll-free number: 1-800-527-1592.

* Price is for 100 quantity. Unit price is $55.00 for
domestic version, $70.00 for foreign version. Call
for foreign version OEM prices.

t Price is for 100 quantity. Unit price is $29.95. Call or
write for 2- and 3-drive enclosure prices or price of
optional finish colors:
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DC&AS BRIEFS

Programmer/Controller Features
Dual-Channel Operation

Self-learning process modeling and dual-channel output
for independent control of two process variables are fea-
tures of the mpc 3030 microcomputer programmer/con-
troller. Introduced by Thermotron Industries, Automatic
Control Systems Div, 468 Cleveland Ave, Holland, M1
49423, the unit offers 50 program intervals with inde-
pendent transition rate control for each channel. By con-
tinuously updating its information through monitoring
the previous control action and the current process var-
iable level, the unit optimizes control response for a
setpoint change and tailors the control response to the
programmed profile. Program instructions are resident
and are system prompted for ease of programming and
editing. Selectable Celsius or Fahrenheit temperature
scales, 25-char keyboard, eight on/off TTL compatible
event outputs, and failsafe protection for power transients
and/or power failure are included in the unit. Options
include EPROM profile storage, emergency power back-up,
event relays, and keyboard lockout. Power requirements
are 115 Vac, 50/60 Hz, 50 VA max. Overall dimensions
are 8.75 x 19 x 17.75” (22 x 48 x 45 cm). Ambient op-
erating temperature is from 32 to 131 °F (0 to 55 °C);
standard temperature range is —125 to 375 °F (—87 to
190 °C).

Circle 163 on Inquiry Card

Interface System Based On
Snap-In |/ O Modules

An 1/0 interface system announced by Teledyne Relays,
12525 Daphne Ave, Hawthorne, ca 90250, consists of a
mounting panel and up to 16 ac and dc input and output
modules. Logic circuitry interconnect wiring in the
mounting panel terminates in a choice of ribbon, edge
card, or D-type connectors compatible with most micro-
computer systems. Solid state modules for the model
674 1/0 system snap into the panel without any wiring
connections. Their features include optical isolation,
noise immunity, and LED status indicators for trouble-
shooting. Output ratings are 4 A at 20 to 250 Vac, and
up to 3 A at up to 250 Vdec.

Circle 164 on Inquiry Card
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Executing PASCAL or MACRO Assembler,
BASIC, COBOL, FORTRAN

Now,Computer Power
InYour System
For Under+3,000'

and Business Software under CP/M°

...With Commander

A unigue family of computer systems, the Commander series
includes the right configuration for your application. Stand
alone Commanders have built-in mini-floppy disks with up
to 320kb of storage. They include a full alphanumeric key-
board, user defined function keys, a five- or nine-inch CRT
with graphics and soft screen, four RS-232 ports, composite
video, parallel 1/0 port, and optional built-in thermal printer,
IEEE and DMA I/0 ports.

Qur stand alone Commanders use dual Z80A processing
whereby the user can access up to 16kb RAM on the CRT
terminal processor independently of the 64kb RAM on the
host processor.

A large capacity version of the Commander series provides
1 megabyte storage in dual SSDD 8 inch floppies...ideal for
integrating your CRT terminals, modems and printers.

Applications Software

Not only does the Commander accept the higher level
languages you and your customer want... but we also offer

a host of proven application packages for a modest one-time
charge, including diagnostic software.

[J File Management, Editing and Word Processing Systems

(1 General Ledger, Accounts Payable and Receivable, Payroll
and other accounting packages

[J Mail List Management, Inventory Control and more general
business packages

*OEM quantity 50 price for dual Z80A, 32kb RAM, 160kb disk, keyboard, CRT
four RS-232 ports and parallel I/0.

™ Trademark of Digital Research

Commanders Are Available For Delivery in 30 Days.

COLUMBIA

DATA PRODUCTS, INC.

9050 Red Branch Road, Columbia, Maryland 21045 TEL: (301) 992-3400 TWX: (710) 862-1891
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Midcon 7¢

James Ralston
Convention Director

How can the electronics industry meet the needs of
manufacturing production and industrial design con-
cerns, and what available technology can these com-
panies utilize? With more than 40% of the United
States’ industrial production within a 500-mi (800-km)
radius of Chicago, these questions represent an im-
portant aspect of Midcon/79. The O’Hare Exposition
Center will function as the exhibit hall, and the Hyatt
Regency O’Hare will be the site of more than 120
professional presentations for the 3-day convention.

Professional sessions will be held at 10 am and 2
pm, Tuesday, Nov 6 through Thursday, Nov 8. Those
of interest to Computer Design readers deal with
trends, applications, and present technology of micro-
computers and microprocessors, of memories, and in
control.

Featured in “Trends in High Performance Single-
Chip Microcomputers” will be Synertek’s sv6500/1,
Motorola’s Mmc6801, Zilog’s Z8, and Texas Instrument’s
™S 9940. These vLsi chips are enhanced cpus sur-
rounded with the elements necessary to offer a stand-
alone microcomputer system on one chip. Although
more expensive than their stripped down counterparts,
the single-chip microcomputers offer a cost savings
due to part count reduction in the overall system,
and can be configured into more demanding applications.

The 16-bit microprocessor based systems to be dis-
cussed in another session are the Mmc68000 from Moto-
rola, the 9445 Microflame 1 from Fairchild Camera

100

Electronics Convention and Exhibition
Chicago O'Hare Exposition Center and
Hyatt Regency O'Hare Hotel
November 6-8

Robert Betten
Program Chairman

and Instrument Corp, the 16-bit microprocessor family
from Zilog, and the ppp-11/23 from Digital Equipment
Corp. Since some of the 16-bit system vendors are
minicomputer manufacturers and others are semicon-
ductor manufacturers, this will afford a perspective
on the evolution and revolution in 16-bit microprocessor
architecture.

Software for many of these systems will be dis-
cussed in “Advanced Software Tools for Microprocessor
Based Systems.” These include the C high level pro-
gramming language for Z80 and 8080 based micro-
processor systems, the IDRIS operating system, Pascal
for Motorola 6809 and 68000 microprocessors with
support for commercial and industrial microprocessor
applications, and the Pascal MICROENGINE processor.

Strides have been made to meet the demand for
nonvolatile memories—during 1979 several manufac-
turers will be introducing memories that allow realtime
system reconfigurations of nonvolatile storage. To be
presented are trends in nonvolatile memories, the de-
vice technology, an overview of the market, and ap-
plications of electrically alterable memories.

Current solutions to the problem of providing non-
volatile storage for micro and miniprocessors and for
small systems will be delivered in another session.
Solutions include EPROM, NMOs, battery backup of
semiconductor memories, bubbles, minicassettes, and
minifloppies. A third session will present advances in
static, cM0s, and static and dynamic NMOs RAMs that
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That’s Rockwell Micropower.

Now you can easily and economically
integrate a 2400 bps modem within the
functional system of terminals or com-
munications equipment.
The reason —the versatile design of
Rockwell's R24, a synchronous MOS-LSI
modem. The R24 divides its functions into
three modules: one for the transmitter and » | Rockwell |
two for the receiver. fea 7 |
Each module is encased in a plastic pack- : =
age that can be plugged into standard con- . ‘
nectors or wave soldered onto system PC boards. Total module area required is only
about 25 sq. inches.

R24 gives designers functional flexibility, too. It's Bell 201 B/C and CCITT V.26 and
V.26 bis compatible. And with a minimum of interfacing circuitry, it can be configured
for operation on leased lines or the general switched network.

Rockwell gets you started in performance analysis and system design with an R24
modem on an evaluation board. Everything you need for your prototype design.

A new generation of modems from the leading OEM manufacturer of high speed LSI
modems. That's Rockwell Micropower working for you.

For more information, contact D-727- A8 Microelectronic Devices, Rockwell International;
P.O. Box 3669, Anaheim, CA 92803, or phone (714) 632-3729.

See us at TELECOM '79, Geneva, Switzerland, EIA/U.S. PAVILION, Stands #109, 110, 117,
and 118.

‘l Rockwell International

.where science gets down to business
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The first modular 2400 bps modem.
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have been directed toward the development of mem-
ory systems with battery backup power to retain data
during power down.

Until recently, low power cMmos devices were also
low speed and low performance. Advances in cMOs
technology have resulted in memory components, micro-
processors, and supporting components that meet low
power requirements without sacrificing speed.

Although bubble memories have been promised as
a usable technology for several years, current status
indicates that it is just finally becoming a practical
reality. Bubble memory subsystems, scaling down
bubble memory devices, and contiguous disc bubble
devices are the topics that will be presented.

Computer use in manufacturing processes varies from
direct machine control to information handling, and
the hardware to implement these applications ranges
from microprocessors to large scale data processing
computers. Applications that will be detailed include
a distributed manufacturing information system, dis-
tributed numerical control, minicomputers for furnace
control, and an information display system for a manu-
facturing operation.

Industrial robots, using open-loop control systems,
are an accepted element in industry today. The addi-
tion of sensors and “intelligence” from the incorpora-
tion of mini or microcomputers will expand their range
of applications. State of the art development in robot

HERMETIC DIGITAL

[ 1

« Hermetic, metal 14-pin DIP
(.870"L x .498"W x .250"D)

- 50ns-250ns Delays (ten 10% taps)

« = 5% Total Delay Accuracy

« 4ns Rise Time

. Schottky Buffered 1/0

« Thick Film Hybrid

« Pin for Pin Compatible with other
leading manufacturer

hytek  (108)358-1991

microsystems 16780 LARK AVENUE
incorporated LOS GATOS, CA 95030
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control, sensors, programming language, the augmen-
tation .of man in space, and the problems of legged
locomotion for robots will be expounded in the session
entitled “Robots in Industry and Space.”

Personal computers are finding applications in engi-
neering, scientific, and industrial fields. Those to be
discussed include a time clock/job accounting data
entry system, data acquisition and control system for
laboratory experiments, medical data acquisition, test-
ing manufactured goods, establishing readability in-
dices, and high capacity mobile telephone systems.

Computer graphics in computer aided design and
manufacturing has demonstrated significant industrial
productivity gains. Presented will be current computer
graphics applications and considerations from the view-
point of industrial research, hardware manufacture,
the turnkey industry, and the university.

Three other sessions will present technology and
trends in switching power supplies, data conversion,
and CRT controllers. The present state of switching
power supply technology is still not mature. New tech-
nologies include power FETs, and integration. Further
developments may be necessary while safety specs call
for higher isolation voltages, and emi pollution con-
trols call for lower levels of conducted and radiated
emi. A high speed bipolar pAc and a high speed micro-
processor compatible ADC are among the trends in A-D
interfacing to be covered. Other developments in this
technology are 1. data converters, monolithic bipolar
video speed data converter circuits, and high resolution
low power cmos data converters. “Directions in CRT
Controllers” will present 1cs now available and de-
signs being readied for production.

The 500 booths in the O’Hare Exposition Center will
be color-coded into specific exhibit areas. The four
color groups encompass components, microelectronics,
and fiberoptics; instrumentation and control systems;
production, packaging, and test equipment; and mini/
microcomputers and EDP peripherals. Exhibition hours
will run from 9:30 am to 6 pm, Tuesday, Nov 6 and
Wednesday, Nov 7; and from 9:30 am to 5 pm, Thurs-
day, Nov 8. A free shuttle from the Caravelle Inn in
Rosemont and the Horizon parking facility near the
Sheraton O’Hare will service both the Hyatt Regency
and the exposition center.

The all-industry reception, “Fun and Games with
Electronics at Midcon,” will be held Tuesday evening,
Nov 6, from 6:30 to 8:30 pm in the Hyatt Regency’s
International Ballroom. Refreshments and an array
of electronic games will be featured. Tickets can be
purchased at the door for $10 apiece. Also to be a
part of this year’s Midcon is the Film theater which
will screen scientific and engineering motion pictures
from 10 am to 4 pm the three days of the show.

Registration for the conference will be $5 at the door;
registration before Oct 22 is $3. For more information
contact the Midcon office, 999 N Sepulveda Blvd, Suite
410, El Segundo, ca 90245, tel: 213/772-2965. Midcon
is sponsored by regional and local chapters of the
Institute of Electrical and Electronic Engineers and the
Electronic Representatives Association. O
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Seven Reasons
Why LSI-11 Computer Users Prefer
MDB Interface Products:

1. Superior Performance

NOoOUlhWN

Find your reason here!

m PERIPHERAL DEVICE CONTROLLERS
MLSI-LP11 Line Printer Controller
MLSI-CR11 Card Reader Controller
MLSI-PC11 Paper Tape Reader/Punch Controller
New! MLSI-LV11 High Speed Electrostatic Plotter
Controller
(controllers above include 15 foot cable)
MLSI-XYV11 Incremental Plotter Interface

= (P)ROM MEMORY MODULES
(memory not included)
MLSI-MRV-000 For 2704 and 2708 UV PROMS
and 3624 PROMS
MLSI-MRV-001 For 1702 UV PROMS
MLSI-MRV-002 For 5623, 5624 PROMS or
equivalent ROMS
MLSI-MRV-003 For 3625 PROMS or equivalent
ROMS
New! MLSI-MRV-004 For 2716 or 2758 PROMS with
on-board programmer
New! MLSI-MRV-005 For 2716, 2732, 2758 or similar
devices

m GENERAL PURPOSE LOGIC MODULES

MLSI-1710 General Purpose Interface Module

MLSI-DRV11P Bus Foundation Module

MLSI-11B General Purpose Direct Memory
Interface

MLSI-WWB1 Universal Quad Wirewrap Module;
sockets optional

New! MDB-W9501 Universal Quad Wirewrap Module

m INTERPROCESSOR LINK SUBSYSTEMS
New! MDB/MLSI-DA11BOI Parallel DMA Interprocessor
Link between PDP-11 and LSI-11 computers,
differential drivers, optically isolated receivers.
New! MLSI-DA11BOI Parallel DMA Interprocessor Link
between LSI-11 computers, differential drivers,
optically isolated receivers. (Subsystems
include 50 foot cables)

m SYSTEMS MODULES
MLSI-IBV11 IEEE/488 Bus Interface

A sk &
*TM Digita: Equipment Corp. Data General is a computer manutacturer unrelated to MDB

. Quality Workmanship

. Comprehensive Product Mix

. Competitive Pricing

. Better Delivery

. One-Year Unconditional Warranty
. Worldwide Sales

MSLI-DRV11C Parallel Line Interface

MLSI-SMU System Monitoring Unit

MLSI-KPV11 Power Fail/Line-Time Clock
Generator

MLSI-KW11P Programmable Real-Time Clock

MLSI-TEV Bus Terminator Module

MLSI-REV-11 Bootstrap Refresh/Terminator
Option

m COMMUNICATIONS/TERMINAL MODULES
MLSI-DLV11 Asynchronous Serial Line
Interface; modem control optional
MLSI-DUV11 Synchronous Serial Line Interface

m CHASSIS ASSEMBLIES

MLSI-BPA84 Backplane/Card Guide Assembly,

16 dual slots
New!MLSI-BPA84A Same, with two slots wired for

RLVO1 disk controller, all others wired for
Q-bus

MLSI-BA11 Rackmount Enclosure for BPA84

MLSI-H984 Roll-around cabinet, 30” mounting
height

MDB interface products always equal or exceed
the host computer manufacturer’s specifications
and performance for a similar product. MDB
interfaces are completely hardware compatible
and software transparent to the host computer.
MDB products are competitively priced, delivery is
30 days ARO or sooner. MDB places an uncondi-
tional one-year warranty on its controllers and
tested products.

MDB also supplies similar interface modules for
DEC PDP*11, Data General**, Perkin-Elmer
(Interdata) and IBM Series/1 computers. Product
literature kits are complete with data sheets,

pricing and discount schedules.
Orange, California 92665

m D 714-998-6900

SYSTEMS INC. TWX:910-593-1339

1995 N. Batavia Street

Northern California 408/733-3950 (I Mid-Atlantic: 301/652-2173 O New England: 617/444-1800 [0 Mid-Western: 312/266-1032 [J Southeastern: 305/254-2511
Southwestern: 713/438-1238 [ Australia & New Zealand: (03) 543 2077 [ Belgium & Luxembourg: 02-720.90.38 [0 Canada: 416/625-1907 [J France: 956.81.42
Greece: 9514.944 9520.589 [ Hawaii: (808)524-8633 [1 Hong Kong: 5-771768 [l India: 234343 (] Japan: 03-437-5371 [J Malaysia: 944 404 (] Netherlands: 03404-21344
Philippines: 89-10-96 (0 Singapore: 295-2381-2389 [) Sweden, Norway & Finland: 08/94 04 90 [ Switzerland & Liechtenstein: 01/730 48 48 W. Germany: 0 89/80 60 61-62
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Digitals RAMpart 64
micro memory.

i Allona5.2" x8.9” (13.2 cm x

€ I .Ce ] tl(eeps 22.8 cm) board.
gethl‘g better. Price is just one way we're
committed to the micro market.

The fact is, we give you more
ways to solve your design prob-
lems than anybody.

A family of 16-bit microcom-
puters in boards, boxes and sys-
tems. The most powerful,
advanced and proven software on
the market. Plus hundreds of
hardware tools —memory and
.. interface boards, complete
: development systems,
peripherals and ter-
minals. And we
back it all with

over 11,000
support
people world-

- approach to micros, only
from Digital.
For more information, con-
tact Digital Equipment Corporation,
MR2-2/M70, One Iron Way,

s

yearFVc;re tl‘;g 53:‘:;:3 Igirr;;g gﬁs Marlborough, MA 01752. Or call
/ toll-free 800-225-9220. (In MA,
our 64Kb RAMpart 64 mem- HA, AL, and Canada, call

ory. Just $582 in 100’s
when purchased
with similar quanti-
ties of LSI-11/2

617-481-7400, ext. 5144.) Or
contact your local
Hamilton/Avnet dis-
tributor. In Europe: 12

CPU;.O B av. des Morgines,
16-bit LSI-11/2 121(%(5?;1‘; e
microcomputer, you In Canada:

can get the memo Digital Equipment

that was made for it. Qf Canada, Ltd.

With Digital’s qual- » e

ity and reliability It took the minicomputer
built rightin—we & ‘ company to make
actually burn-inand ' . s

schmoo every board micros this easy.

we ship.

Our RAMpart 64 memory i% , . o
gives you on-board refresh, select- E ‘ J —
able I/O page boundary, and a typi- /

cal access time of just 210ns.
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BIT SLICE TECHNIQUE
MINIMIZES MICROCONTROLLER

COST/COMPLEXITY

A bipolar LSI bit slice microcontroller bridges the performance/
cost gap between metal oxide semiconductor microprocessors and
discrete logic in a microprogrammable digital to analog system

design

David Hooley

Virginia Polytechnic Institute, Blacksburg, Virginia

Many control tasks require higher speed, wider
data path, or more powerful computation than is pro-
vided by metal oxide semiconductor microprocessors.
In applications such as mass storage controllers, mini-
computers programmed in assembly language either
cannot respond fast enough or should not be burdened
with low level control tasks. Other applications, such
as repetitive display or waveform generation, may be
relatively simple, but require an excessive amount of
processor time. Designers prefer a more general pur-
pose solution to these problems than a specialized,
discrete logic system, but without the expense of a
full microprogrammed bit slice processor. A suitable
controller design would provide a limited instruction
set with subroutine and conditional jump capabilities,
a large number of bits in the instruction word that
are available for control of external registers, very
fast instruction execution, read/write memory for the
development phase, and the ability to use read only
memory or programmable read only memory after
completely debugging the system.

Control tasks which fit in this category of relatively
fast operation with a few simple decision points can
be efficiently implemented with a versatile, straight-

forward, microcontroller design. This controller con-
sists of a large microprogram memory for storage of
microinstructions and a next address generator that
supervises the conditional branching indicated by ex-
ternal control bits. Cost and complexity of the micro-
program sequencer are minimized by restricting its
instruction set and addressing capabilities to meet
particular application tasks. System design time is
reduced considerably because physical hardware
changes are seldom made, the designer does not need
to thoroughly understand all the system details be-
fore starting the design, and similar applications may
require only a minor software change to enable use
of common hardware designs.

Microcontroller Characteristics

A microcontroller or microprogram sequencer furnishes
addresses to control memory, which then presents a
sequence of logic levels to the control lines of the micro-
programmed device. The microcontroller has the capa-
bility of altering program flow based on conditions
generated in the microprogrammed device; thus, the
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microcontroller can be viewed as a primitive processor
that governs external logic.

Several types of instructions for the microcontroller
are needed to efficiently control such external logic
as an arithmetic logic unit (ALU) of a minicomputer,
a disc or tape interface, or a digital to analog con-
verter (pDAc) used for waveform generation. Condi-
tional jumps or branches alter the microprogram flow
depending upon selected conditions in the external
logic. Subroutine control instructions allow the re-
peated use of a group of instructions which perform
a commonly used function. In this manner, the number
of words in an expensive microprogram memory can
be reduced in comparison with straight-line program-
ming methods. Also, the microcontroller may need to
present a number of sequential logic levels to the
external device without any control decisions being
made; therefore, a next instruction or a no operation
instruction is needed. In addition, unconditional jump
instructions provide for convenient control of the pro-
gram flow.

During the development phase, a read/write (R/W)
microprogram memory enables the designer to try
different microprogram approaches to the control prob-
lem more rapidly than if programmable read only
memories (P/ROMs) were used. After the development
phase is completed and the system is debugged, the
ability to store the microprogram in nonvolatile mem-
ory is necessary to avoid the need to reload micro-
program memory every time power is turned off. There-
fore, a practical microprogram sequencer and micro-
program memory would include the capability to use
both R/W and read only memory (roM). Loading of
R/W memory under the control of an external com-
puter system is probably the most practical method
of entering a microprogram into microprogram memory.

System Design Requirements

A system application for a microcontroller involves
a programmable waveform generator. A repetitive,
stable, analog waveform with several simultaneous
digital control signals is needed to control a measure-
ment process (Fig 1). The obvious solution to this
design problem is to program the waveforms in a
P/ROM, whose contents are then sequentially applied
to a DAC. Extra P/ROM output lines could be used for
the required digital control signals.

Before committing the waveforms to P/ROM, a con-
siderable amount of experimentation with the timing
of the waveforms and the control pulses is required;
thus, R/W memory rather than p/RoM is needed for
the design phase. A microcontroller design is more
powerful than needed for this application, but it has
the exact architecture required for a waveform gen-
erator and related control tasks. R/W memory can
be loaded by a minicomputer. If a program consisting
of a series of absolute next (ANXT) instructions with
an absolute jump (AJMP) instruction to address 0000
at the end of the ANXT instructions is loaded, the con-
tents of the R/W memory are continuously accessed.
If a pac is attached to the controller memory output
lines, the desired analog waveforms are easily gen-
erated. Furthermore, an off the shelf microcontroller

106

large scale integration (LsI) chip is immediately avail-
able, whereas other devices would require extended
design and construction time and cost.

In Fig 1, a 12-bit pAc is attached to the controller
memory output lines. Several microcontroller external
control lines (cL) furnish required control signals.
Since control memory can be programmed for single-
step operation, an external variable frequency -clock
is connected to an external reply line to control the
rate of waveform generation. After the optimum rate
and waveforms needed are determined, control memory
can be set for continuous operation, and an appropriate
crystal controlled clock and up/down counter can be
applied.

The minicomputer is capable of loading microcon-
troller memory with the required waveform genera-
tion program and data by asserting the write enable
line and loading the proper write data into controller
memory, after which the program is automatically
resumed by pulsing the microsequencer clear line.
Obviously, the high speed capability of the microcon-
troller cannot be fully utilized in this situation since
a 10-us/step clock rate is needed due to the several
microsecond settling time of the DAc, rather than
applying the microcontroller’s maximum clock rate

of 100 ns.

Microcontroller Implementation

LsI circuits which perform the function of micropro-
gram sequencers are readily available with varying
levels of software support.!? The Texas Instruments
SN74S482 4-bit slice expandable control element has
straightforward architecture and provision for relative
addressing due to its full adder inputs.® Although micro-
program controllers can be implemented with other
available circuits, the sN74S482 was chosen because
of its adder characteristics.

The microsequencer consists of three 4-bit wide ele-
ments, a full adder, a 4-word first in, last out (¥ILO)
stack, and a clocked output address resistor or latch
(Fig 2). Data flow through the sequencer is directed
by two select control lines for each of the three ele-
ments. The clocked output register ensures that the
data output lines are stable between rising edges of
the clock. Likewise, addresses are transferred to or from
the F1Lo stack only on a rising clock edge. Information
on the data input lines can be loaded directly into the
output address register or can be added to the con-
tents of the output register via the full adder and
multiplexer. It is also possible to push the current
contents of the output address register onto the FiLo
stack via the full adder while loading the output regis-
ter from the data input lines, thus implementing a
jump to subroutine microinstruction.?

The complete microcontroller system design (Fig
3) comprises a microprogram control memory, micro-
program sequencer, instruction decoder, clock syn-
chronizer, and input source selector. Microprogram
memory contains the control bit sequences for the
external device under control, as well as the control
program for three cascaded bit slice elements, which
are used to generate 12 address bits for the next
address to control memory. The architecture is purpose-
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Fig 1 System design require-
ments. Microcontroller is applied
as programmable waveform gen-
erator to relieve minicomputer of
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of continuously generating analog
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program memory are needed to
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Fig 2 Functional block dia-
gram of microsequencer. Four
sources of data are delivered to
4-bit output address register.
Addresses to control memory
can be obtained directly from
adder data input bus, output
address register latch, and 4-
word FILO stack. In addition,
current address can be added
to 4-bit full adder data on adder
data input bus, as determined
by control lines S1 to S6
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ly designed to be straightforward, resulting in easier
programming and debugging. The extensive capabilities
of the bit slice control elements and the fast speed
of the microprogram memory array often allow com-
petitive performance with more complex pipelined
architectures. Output lines of the microprogram mem-
ory control external logic systems, select input sources
for the control elements, and specify microinstructions
to be executed.

Full adder carry-input and carry-output lines allow
cascading of the 4-bit slices. System design requires
three cascaded slices, yielding a maximum address
range of 22 or 0000 to 4095, because use of up to
1024 words of control memory is anticipated. This
system design resulted from tradeoffs of hardware
implementation versus software restructuring, design
time versus construction time, and cost considerations.
The simple instruction repertoire of the microsequencer
can often implement the functions of controllers with
larger instruction sets by careful selection of the
instructions available in combination with the full
adder input. Since this system configuration can op-
erate at 100-ns cycle times while using fast bipolar
memories, the added speed of a complex pipeline
structure is not necessary, thus considerably simplify-
ing the overall microcontroller design.

Instruction Set

The microcontroller presents a desired series of con-
trol bits to the hardware under control. An ability
to make decisions based on the results of previous
operations is also required. Provision for repeating a
sequence is highly useful; thus, a subroutine mechan-
ism is needed. The manufacturer of the bit slice con-
trol element provides only hardware documentation,
allowing designers to configure an instruction set to
meet specialized needs. Therefore, an instruction set
for the microcontroller has been formulated from the
six useful combinations of the six select control lines
(S1 to S6) and the carry input line, resulting in three
groups of microinstructions—jump, next, and subrou-
tine operations.

The first, or jump, group results in program con-
trol being transferred to the address specified by the
source input selector. The second, or next, group adds
one to the current address as calculated by the jump
group. The third, or subroutine, group allows storage
of the current address while a sequence of instructions
is being executed, after which execution is resumed
at the instruction following the address that called
the subroutine.

ENABLE EATERNAL 4 EXTERNAL 3-STATE
i § BUFFERS FOR
ADDER INPUT
SOURCES
cL3-s
CL9-20 | ADDER INPUT
ADDRESS FIELD 3-STATE BUS
2
$1-56 AND
CARRY INPUT

Fig 3 Functional block diagram
of microcontroller system. Re-
lationships of individual compo-
nents of microcontroller indicate
straightforward design, based on
microsequencer and micropro-
gram memory. Control lines (CL)
0 to 2 from memory are decoded
to control microsequencer. Con-
trol lines 3 to 5 select adder
input data. Control line 6 controls
clock, while control lines 7 and

) WRITE

4 WRITE BANK

8 are unassigned so that instruc-
CLEAR tion fields fall on octal bound-
aries. Control lines 9 to 20 are
used by instructions that require
address. If none is required, con-
trol lines 9 to 20 can be used for
external control, as can control

lines 21 to 39
DATA IN

SELECT
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A jump to subroutine (JMsA) microinstruction (Table
1) pushes the current contents of the output register
plus 1 onto the 4-word internal FIiLO stack, and the
output register is loaded from the data input lines.
Execution of the microprogram then proceeds from the
absolute address presented on the data input lines.

Nesting of subroutines beyond four levels must be
avoided because the pushing of a fifth address onto
the FiLo stack will cause a stack overflow, losing the
address at which execution will resume after returning
from the first subroutine. To return from a subroutine
(RETS), the top address on the stack is loaded into the
microsequencer output register, allowing execution to
resume at the next microinstruction after the call to
the subroutine in the main microprogram. This opera-
tion pops the stack one position, making the address
stored by a previous subroutine call available on top
of the stack.

Jump and next microinstructions have two forms,
relative and absolute. The relative form adds the
contents of the output register to the data input lines,
while the absolute form loads the output register
directly from the data input lines. Thus, the absolute
jump (AJMP) microinstruction can jump to the address
in microcontroller memory which is presented on the
data input lines. The absolute next (ANXT) microin-

struction does not completely follow form because it
merely increments the output register, causing the
next microinstruction to be accessed.

The relative jump (RJMP) and relative next (RNXT)
microinstructions allow alteration of the micropro-
gram flow based on data presented on the data input
lines. RNXT operates in exactly the same manner as
the ryMP, except that the address loaded into the out-

. put register is one greater than that loaded by a corre-

sponding RJMP microinstruction. RJMP adds the data
input lines to the contents of the output register and
then loads this sum into the output register. This micro-
instruction is used in a situation where a constant
control bit pattern is desired until some quantity be-
ing tested assumes a nonzero value.

An external flag, which assumes a logic 1 value
when the external device under control is ready for
further operations, can be connected to the data input
lines. At the point when the microprogram cannot pro-
ceed until the operation is done, an RJMP microinstruc-
tion is encoded to select this flag for the data input
lines. As long as the flag is a logic 0, RIMP continuously
repeats itself. Only when the flag goes to a logic 1
does the microprogram proceed to the next microinstruc-
tion. Naturally, the opposite condition could be selected
by inverting the flag signal.




Complementing the data input lines would result
in jumping backward one microinstruction in the micro-
program. If the device flag is connected to a bit other
than the least significant bit (LsB) on the data input
lines, a jump of more than one microinstruction could
be made. In fact, this mechanism is a particularly
convenient method to implement a jump table. The
offset into the table is impressed on the data input
lines, and a relative jump or next microinstruction is
executed. For example, the designer may be able to
encode the major types of a computer’s instruction
set into several bits. When the microcontroller is
ready to execute the next computer instruction, it se-
lects the output of the instruction type encoder and
does a relative next microinstruction. This instruction
directs the microprogram through the jump table to
the microinstructions which perform the function of
the computer instruction encoded earlier.

Table 1 summarizes the microinstruction set, indi-
cating the octal code assigned to each microinstruc-
tion, the states of the microsequencer control bits, and
their results for the adder, stack, and latch sections of
the control element. Microinstructions obtained from
bits 0 to 2 of microprogram memory are translated
by the instruction decoder into control signals S1 to
S6 for the microsequencer. Operation columns indicate
the instruction’s effect on respective elements of the
microsequencer. The state of the carry-in line is also
indicated. Because the relative forms of the subroutine
microinstruction have no useful result, they are called

no operation (Noor). However, these are critical micro-
instructions since they loop on themselves indefinitely.
The only practical way to recover from a no operation
microinstruction is to assert the clear line of the micro-
sequencer, thus forcing address 0000 into the output
register.

By comparing the microinstruction set in Table 1
with that of other microsequencers, the relative next
and jump microinstructions can be used to implement
conditional microinstructions present in most other
microsequencers. Conditional jump to subroutine and
return from subroutine instructions are not available,
but these functions can be implemented by the se-
quence of a relative jump or next instruction, and
then the desired subroutine microinstruction. Loop-until-
count-goes-to-zero microinstructions could be imple-
mented by testing the NOR function of an external
counter output with a relative jump microinstruction.
The relative jump microinstruction is repeated until
the external counter output goes to zero, thus incre-
menting the microinstruction counter in the output
register of the microsequencer. Except in cases where
microprogram memory words must be conserved, con-
trol of such loops might be done more easily by re-
peating the complete microinstruction bit pattern using
the absolute next microinstruction until the desired
small number of operations are completed. The lack
of conditional subroutine microinstructions may also
require use of a few extra microprogram memory
words. A short listing of the system application (wave-
form generator) program (Table 2) demonstrates the




utility of the microcontroller instruction set. Partial
listing of the waveform generator program shows the mi-
croprogram address, instruction, and source mnemonics.
In this program, the address field is used for jump
addresses and values for the pAc. Mnemonics ANXT and
AJMP set the I field, ADDF sets the ADDF field, wWAIT
sets the W field to a 1, and cMEM sets the S field
to 7 which selects the ADDF field as the source of
addresses for the microsequencer. ECB sets the ECB
field which controls external logic in this application.

Microprogram Memory

The 40-bit wide microprogram memory is arranged in
six fields to facilitate software and conserve memory
bits (Fig 4). The three 1sBs (2, 1, and 0) select the
desired microinstruction (Table 1). The next three bits
(5, 4, and 3) select one of seven external sources
for the data input lines. The eighth possible coding
(bits 5, 4, and 3 are all 1s) selects the 12-bit address
field of microprogram memory (bits 9 through 20).
This field may be shared with other external control
functions, in which case, care must be taken to avoid
destroying data in the external device under control.
Bit 6 is the clock control bit. Bits 7 and 8 are avail-
able for external control or may be used to expand
the number of sources for the data input lines. Bits
21 through 39 are available for external control func-
tions.

Space is available in microprogram control memory
for both p/RoM and bipolar R/W memory depending
on designer requirements. The capacity of memory
installed is determined by the application requirements
of a particular system.

Up to two banks of P/ROM may be installed in the
current system design—256-word by 4-bit or 512-word
by 4-bit memory units may be used by selecting the
proper address lines from the control element output
register and the chip select decoder. Similarly, one
bank of 256-word by 1-bit or 1024-word by 1-bit bipolar

R/W memory units may be installed with wiring modi-
fications. The smallest implementation of micropro-
gram memory would consist of 256 words of P/ROM
or R/W _memory, while the largest implementation
would consist of 1024 words of R/W memory and 1024
words of P/RoM for a maximum microprogram of 2048
words by 40 bits wide. Larger configurations would
require additional. printed circuit area or another 4-bit
slice if 4096 words are exceeded.

R/W memory is used as a writable control store,
particularly to test microprograms before they are
dedicated to p/RoM. To accomplish the writing process
for test purposes, external logic asserts the write enable
line (Fig 3), which stops the execution of the micro-
program. This external logic then places the address
to be written into on the data input lines and pulses
the write clock, which loads the microsequencer output
register with the desired address. Then, external logic
applies proper data to the 10 write input lines for
each of the four banks of R/W memory, pulsing the
proper bank select line to conclude the writing opera-
tion. This procedure is repeated for all addresses that
must be written into memory; after this, microprogram
execution is restarted in an orderly fashion at micro-
program address 0000 by deactivating the write enable
line and pulsing the control element clear line.

Clock Synchronization Logic

In the clock synchronization logic (Fig 5), the enable
flipflop (FFr) is cleared by the rising edge of the wait
signal generated from bit 6 (cL 6) of control memory.
When the current clock pulse is completed, no more
pulses are generated until the enable flipflop is set
by the positive transition of the externally generated
reply signal. Setup time with respect to the rising
edge of the microsequencer clock is about 40 ns, which
is the same period of time as the sum of the decode
instruction and setup times (Table 3). Thus, setting
bit 6 in the current microinstruction to 1 halts the

Fig 4 Microprogram memory
control fields. Encoding of
control fields in microprogram
memory reduces number of
bits required in memory. Bits
0 to 2 select one of eight pos-
sible instructions, of which six
are used. Bits 3 to 5 select
one of eight adder input data
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Fig 5 Clock synchronization logic. This circuit allows microcontroller to be halted by low to high
transition on wait line derived from line CL 6 of microprogram memory. When low to high transi-
tion occurs on reply line, clock pulses are passed through clock flipflop, and microprogram execu-

tion resumes

controller clock before the next clock pulse can be
generated.

If the enable flipflop is clocked by a positive edge
10 ns before the clock flipflop is clocked by a positive
edge from the clock oscillator, a microsequencer clock
pulse is generated immediately. Replies arriving later
will not generate a pulse until the next positive edge
appears on the oscillator output. Setup time with re-
spect to the rising edge of the microsequencer clock
is about 30 ns for the reply signal. Bit 6 in the
microinstruction must be a 1 to start a wait state,
after which the device that is addressed by other bits
of the microinstruction holds the reply line low until
device data are valid. At this time, reply is released
by the device, a positive edge is generated, and the
microprogram proceeds with the next positive edge
generated by the oscillator.

Microcontroller Timing

Timing of the microcontroller with reference to the
rising edge of the clock pulse is shown in Fig 6. Maxi-
mum, typical, and observed times (in nanoseconds)
for the time parameters are given in Table 3. Numbers
in parentheses are for the data input path, which is
slower than the instruction decoding path, but does
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not require as much setup time in the microsequencer.
Observed times are rounded to the nearest 5 ns.

Table 3 indicates that a 100-ns cycle time is achiev-
able under typical conditions. Under extreme condi-
tions or with chips that just meet specifications, a 150-
ns cycle time is realistic. These numbers assume that
the data to be placed on the data input lines are
valid by the beginning of time tdi. This assumption
is true for addresses obtained from control memory,
but is not true if an operation controlled by the current
control memory output must occur before control sig-
nals can be generated for the next microinstruction.
Thus, the system designer must be aware of these
timing relationships in order to assure a properly op-
erating system. :

Summary

Microcontroller design techniques can be used cost-
effectively to save design time in small process control
applications as well as in large computer control unit
designs. Available microsequencers and fast bipolar
memories allow a straightforward microcontroller de-
sign with significant capabilities to fill the gap in per-
formance between metal oxide semiconductor micro-
processors and conventional logic control. The addition
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of a carefully structured instruction set results in an
efficient microcontroller system.
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“Take it from me, flat is beautiful?

“Speaking as an expert on flat, I would like
to recommend another expert: Spectra-Strip.
They really know that flat is where it’s at.
They delivered their first flat cable in 1956,
and now offer more kinds than anybody.
Their flat cable line includes gray and color-
coded bonded, laminated, and extruded flat
and twisted pairs, twisted pairs that can be
mass terminated (Twist 'N’ Flat®), trans-
mission line and ground plane, and extruded
jacketed cable (Spectra-Guard™) that can
take a real beating.

They can also provide IDC receptacles,
headers, DIP plugs and sockets, PCB
transitions and card-edge connectors.

And when things get tight, they won'’t
leave you flat: their value-added distributors
can whip together standard jumpers and
assemblies (single-ended, double-ended or
daisy-chained), or Spectra-Strip can provide

©Spectra-Strip 1979

CIRCLE 67 ON INQUIRY CARD

custom
assemblies
using their own products
and anybody else’s wire, cable and connectors.
That way you get pretested assemblies
that are usually less expensive than if you
did them yourself.

For the name and number of your nearest
distributor or rep, write Spectra-Strip,
7100 Lampson Avenue, Garden Grove,
CA 92642, telephone (714) 892-3361.
In the East, call (203) 281-3200.

Say that you heard about them from me
and my dog Splat”

" When you're down to the wire
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ADD-IN CACHE MEMORY DOUBLES
MINICOMPUTER PROCESSING

SPEED

Cache memory plugs into CPU backpanel with no hardware or
software modifications. Resulting overall system speed increase is
typically 30 to 70%, with more than 100% increase measured in

some CPU intensive applications

Ronald N. Monroe

Minntronics Company Incorporated, St. Paul, Minnesota

Regardless of particular application or variations
in specific organizational details, cache memories rely
on the basic concept that, in the step-by-step execution
of a large program, a central processing unit origi-
nated fetch at an address has a high average proba-
bility of being repeatedly accessed. Fundamentally, a
cache provides a small, high speed scratchpad overlay
buffer memory, typically implemented in bipolar tech-
nology. Its capacity is only a fraction of that of main
memory, which is generally of magnetic core or metal
oxide semiconductor technology. Addresses and cor-
responding contents most frequently accessed by the
central processing unit are automatically stored in
cache memory, which significantly reduces the number

of accesses to slower main memory, and increases the
processing speed of the entire system.

The same result could probably be achieved by
simply replacing slow core with high speed semicon-
ductor main memory, but the relatively high cost and
inherent volatility of the latter limit the performance/
cost ratio. Replacing existing core memory systems is
even more economically unattractive.

Minicomputer Selection

The ppp-11/45 minicomputer was chosen for a cache
memory design because of several factors; however,
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the central processing unit (cpu) selection process
can be applied to other similar minicomputers:

1. This minicomputer has a basic cPU cycle time of
330 ns, three times faster than the speed of its main
core memory/Unibus* combination.

2. It also has Fastbus®*, a separate high speed bus
that allows the cPU to run at its fastest speed. In
addition, the timing relationship between the two buses
neatly facilitates the application of a pluggable cache
memory.

3. There are unassigned slots in the cpPu backpanel
in which to plug the cache with no mechanical or
electrical modifications required. Power can be de-
rived from either of two sources: from a separate 5-V
power supply within the minicomputer power supply
chassis, or from an existing supply. The entire installa-
tion can be accomplished in 10 to 15 min.

4. Cache in conjunction with core memory yields im-
portant advantages. There is a system speed advantage
of Fastbus metal oxide semiconductor (M0s) memory
throughout its entire 124k-word address range, with-
out incurring its 32k-word limitation and volatility. In
a mixed memory system of different cycle speeds, cache
tends to minimize such differences; the slower the core
memory, the greater is the percentage benefit from
buffering with a cache. Also, the programmer need not
allocate faster portions of memory to certain pro-
grams in order to optimize system speed.

Selection of Cache Memory Algorithm

Several alternative cache memory algorithms were
considered and evaluated by means of computer simu-
lation. A write through (wt) algorithm, conceptually
the simplest, was selected as having the most favor-
able advantages. All write requests are referred direct-
ly to main memory with cache memory updating itself
in parallel if it contains the specified address. The
benefit of this concept is that the contents of addresses
stored in main memory and in cache are always
identical. This characteristic is especially valuable in
systems with independent input/output data paths, such
as in the ppp-11/45, and also for coping with an un-
planned power interruption. A wT limitation concerns
the fraction of reads ratio (FR), defined as the number
of cpu read requests divided by the total number
of cPU requests; for most programs, this ratio is ap-
proximately 0.7 to 0.8.

While considering various alternative algorithms,
it was decided that the cache would have to be a
pluggable board requiring no modification of the mini-
computer. After carefully studying the architectural
and physical design of the minicomputer, it became
apparent that only the wr algorithm would allow the

*ppp-11/45, Unibus, and Fastbus are registered trademarks of
Digital Equipment Corp, Maynard, Mass
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physical construction necessary to satisfy this design
constraint.

Analytical results indicated that the wT algorithm
could cut effective machine cycle time approximately
in half, ie, double the average cpPU processing speed.
Theoretically, the maximum possible goal would be
to triple the processing speed, due to the speed limi-
tation of the cpu, if the program did no write op-
erations and all fetches were satisfied out of cache.

The use of the wT algorithm turned out to be
further justified because of the relative ease in deal-
ing with direct memory address (pMA) and interrupt
activities on the Unibus. In addition, this algorithm
allows the cache to share Fastbus and be completely
compatible with up to 16k words of Mo0s or bipolar
memory.

Selection of Cache Size

Studies have shown that a cache memory size of at
least 512 words is necessary for typical minicomputer
programs in order to maintain an acceptably high hit
ratio (HR), defined as the ratio of the number of
times that the desired address is in the cache divided
by the number of cpu fetch requests. Typically, HR
equals 0.88 = 0.03. The final cache memory size
was chosen as lk words (or 2k bytes) to significantly
improve the HR while drastically decreasing chip
count and halving power consumption by using lk-bit
Schottky bipolar RAM chips.

Cache Memory Architecture

The internal block diagram of the cache is shown
in Fig 1. The control circuitry mainly provides the
proper interfacing between Unibus, Fastbus, and the
rest of .the cache. The address multiplexer switches
either the Unibus, Fastbus or internal initialization
address into the memory section. The initialization cir-
cuitry, comprising a 10-bit counter that drives the in-
ternal address bus to the memory, initializes the cache
by clearing all 1024 bits in the valid bit register
(vBr). The memory is organized as a 1lk- x 27-bit
array. The 27 bits are comprised of 16 bits for the
data, 7 for the directory, 1 for the vBR, and 3 for
parity checking.

The compare circuitry compares the output of the
directory to the bits <17:11> of the incoming ad-
dress to determine a cache hit/miss. The parity error
detection and display circuitry checks for parity errors
on cPU fetches. If an error occurs, this section causes
a CPU trap, disables the cache, turns on an LED, and
sets the error bit in the control/status register (CSR).
The csr also has a bit which allows software or front
panel enable/disable of the cache, and a diagnostic
parity error flag disable bit.

Organizationally, the Wt cache adapts to the ppp-
11/45 as shown in Fig 2. Notice that the cache plugs
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Fig 1 Block diagram for cache
memory. External address bits
<10:01> map external address
and corresponding data into
unique location in cache, where
remaining bits <17:11> are
stored in directory, and 16 data
bits are stored in upper and
lower data byte registers. Valid
bit register (VBR) is set to valid,
and three parity bits are gen-
erated and stored. Subsequent
Fastbus access to same location
causes data to be supplied, with
parity checking, to Fastbus

1
|

ADDRESS (AD)

DATA

CONTROL

FASTBUS

into both Unibus and Fastbus. Thus, the cache is a
dual-port memory, with certain differences. The cache
is completely passive on the Unibus port; it can only
receive Unibus signals, but not drive them. Conversely,
the Fastbus port cannot receive data, but can drive
the Fastbus data signals.

CPU Fetch Requests

Normally, the cPU initiates all memory requests on
both buses simultaneously by asserting the specified
address on the address lines for both. While waiting
the required minimum time of 150 ns on Unibus before
starting a core memory cycle, the cache is ready to
accept a signal on Fastbus, indicating that the speci-
fied address is located within the cache. Figs 3 and

4 illustrate fetch read and write request responses,
respectively. If the address is in cache and if the cpu
memory request is a fetch, the cache transmits a re-
sponse signal, causing the cPU to cancel the remain-
ing Unibus cycle, which means that no core memory
cycle will take place either. Data are available on
Fastbus and the cpu is ready to start the next request
330 ns later, compared to about 1000 ns if the request
had been filled from core memory.

If the specified address is not in cache, the cpu
does not receive the Fastbus response signal, continues
the Unibus cycle in the usual manner, and obtains
the desired data from core. When data are available
on the Unibus, the cache automatically copies and
stores this information and the top portion of the
corresponding address via the Unibus port; then, data
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Fig 2 Cache plugged into minicomputer.
All CPU fetches initially proceed simul-
taneously on both Fastbus and Unibus.
If high speed memory device on Fastbus,
such as cache, acknowledges having ad-
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dress, CPU takes desired data from that
device off Fastbus and cancels Unibus
memory cycle

TAPES, TTY, ;
bisc, exc [* ﬂ

UNIBUS

oN

are available from the cache for the next cpu fetch
to that address.

CPU Write Requests

CPU write requests to core memory are filled on the
Unibus just as if the cache were not present. How-
ever, when the address is in cache, new data are writ-
ten into cache in parallel with core memory. This
condition ensures that data in core memory are always
current with those in cache, and that the inherent
non-volatility of the core memory will guarantee against
loss of data resulting from power failure. It also facili-
tates handling D™MA activity.

DMA and Interrupts

DMA and interrupt cycles are entirely Unibus opera-
tions and do not involve the Fastbus. Consequently,
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these types of cycles do not insert new addresses into
the cache; only cpu fetch cycles do that. However, if a
pMA cycle should update an address in core that is
also in cache, the new data are simultaneously written
into cache also.

Cache Address Replacement Strategy

The many-to-one correspondence principle involved in
a simple direct mapping scheme is illustrated in Fig
5. The address space of the ppp-11/45 is 131,072 words
specified by 17 bits <17 : 01>. This address space
can be divided into 128 blocks, each consisting of a
block number and the lower address bits <10 : 01>
that specify the position, or memory cell, of the
address within the block. These same lower address
bits also specify one of 1024 individual memory cells
within the cache.

When an address is stored in cache, only the block
number is physically stored in a 1k x 7-bit register
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Fig 3 Cache response to memory fetch. Ignoring all
DMA fetches, cache searches its directory only in
response to CPU fetches. If hit occurs, cache acknowl-
edges and supplies desired data on Fastbus. If it is
a miss, cache does not acknowledge, and desired
data are supplied by main memory to both CPU and
cache simultaneously on Unibus

CPU & DMA
WRITE OPERATION

SEARCH
DIRECTORY

. DO NOTHING

:

WRITE DATA
INTO CORE

WRITE DATA
INTO CACHE

( DONE )

Fig 4 Cache response to write operation. Since cache
does not acknowledge CPU writes on Fastbus, all
writes, both CPU and DMA, occur on Unibus and are
handled identically by cache. If address is in cache,
its data are updated in parallel with that of main
memory, and if not, contents of cache remain un-
changed

called the directory. This directory is organized as a
content addressable memory (cAM), meaning that
when the cache is accessed, the 7-bit word readout of
the directory memory cell specified by address bits
<10 : 01> is compared bit-by-bit with the top seven
bits of the incoming address bits <17 : 11>. If there
is an equal compare, the address is said to be in cache,
or that there is a hit.

Initialization Scheme

In order to clear out invalid contents in the cache,
the cache automatically initializes itself by clearing
all 1024 bits in the VBR. The process of initialization
sets all the associated flag bits in the vBR for each
of the 1024 locations in the cache back to zero. This
condition has the effect of forcing ‘“misses” from the
cache; hence, the cpu will be satisfied only by the
core memory until the cache is once again ‘“‘reloaded”
with valid data.

Initialization, which requires about 500 us to com-
plete, takes place automatically whenever either the
dc power is restored to the computer system after a
power interruption or when the Unibus initialization
(in1T) signal is deactivated. This activity is completely
transparent to the system.

The cache can be switched on or off, either mechan-
ically or by software, to inhibit it from supplying
data to the cpu. In this state, the system would run
just as if no cache were installed; however, the cache
would continue to load itself with current information.
This on-off capability is useful for benchmarking and
system debugging.

Parity Error Detection

Parity error (PE) detection is provided on the cache
to improve overall system reliability. The method used
is to divide the basic 1k x 24-bit memory array of
the cache into three 8-bit bytes and add a parity bit
to each byte, resulting in a 1k x 27-bit memory array.
Three LED indicators provide visual indication not only
of a parity error but also of the defective byte. In
addition, bit 15 in the Unibus-addressable csr is set,
and bit 1 (on-off bit) is cleared when a parity error
occurs. Furthermore, the cache automatically turns
itself off line and flags the cPu with a dedicated PE
line.

An addressable cache csrR provides the following
error bits/functions:
Bit 15—normally clear, but is set if cache parity error
occurs. Read-only capability.
Bit 1—on-off line control is cleared automatically if
cache parity error occurs. May also be used to disable
cache. (Can be overridden in ON state by mechanical
switch.) Read/write capability.
Bit 0—normally set; when cleared, cache is inhibited
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Fig 5 Direct mapping scheme for 1k-word
cache. Any of 128 different addresses within
128k-word address space can be mapped one
at a time into any given location, specified
by its <10:01> of main memory address,
within cache. Upper bits <17:11> are then
stored in directory which functions as con-
tent addressable memory (CAM) during sub-
sequent data retrieval to determine which
actual address had been mapped into cache

from transmitting PE flag to cpu. (Used for diagnostic
purposes only.) Read/write capability.

Benchmark Data

Benchmark tests have been run on large minicomputer
systems using a wide variety of programs. For many
programs, it was found that the cache could effect an
increase in overall system processing speed of 30 to
70%, with more than 100% having been measured in
some applications. It is important to note that reduction
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in runtime is not the same numerically as performance
(throughput) increase. The runtime reduction ratio
(RRR) is the inverse of the throughput ratio (TR). Thus,
a runtime reduction of 40% (0.40) results in a RRR =
0.60 and a TR = 1/RRR = 1/0.60 = 1.67. The actual in-
crease in throughput or productivity is 67% in this case.

Generally, cache memories are program sensitive,
which accounts for some of the spread in performance
improvement. Parameters HR and FR vary from pro-
gram to program. Another factor, which can have a
strong, if not dominant, bearing on the outcome, is
the frequency of DMA and interrupt activity.

Summary

This cache memory design utilizes the 2-bus (Fastbus
and Unibus) architecture of the ppp-11/45 cPU in such
a manner that most cpu fetch requests are satisfied
by the cache on the Fastbus (a hit) instead of by the
core memory on the Unibus. When the address is not
in cache (a miss), the cpu fetches it directly from
core memory via the Unibus, from which the cache
automatically incorporates it into itself, making it avail-
able on the Fastbus for the next fetch. All write
operations are done on the Unibus to core memory
and simultaneously to the same address (if present)
in cache, thus guaranteeing power-failure data protec-
tion. If a parity error occurs, the cache will flag the
cPU (causing it to trap to parity error vector at address
114), turn off the cache on the Fastbus, turn on the
appropriate PE LED, and set bit 15 in the csRg.
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“Look, I'm convinced that the
Zero Insertion Force concept
is ideal for high pin counts.
But can | reduce my

overall panel costs?”

You Sure can.
AMPLinear ZIF.

AMP Linear ZIF Edge Connectors are
one quick way to take the force out
of your high pin-count applications.
And a great deal of it. 110 pounds of
push are gone, for example, when you
install a dual 110 pin-count daughter
card into a ZIF. And that means the
end of jacking devices...mallets...
worn contacts...damaged boards—
the whole array of nuisance and
disaster that often accompany edge
card insertions.
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backplanes? Easy. Linear ZIF
Connectors come with ACTION PIN
contacts for positive solderless
retention in the pc board without
hole damage.

Linear ZIF Connectors come
preassembled and as components
that allow easy repair of damaged
contacts. And they give you more design freedom. You can
use all edges of the board for I/O connections. You can
use much larger pc boards. You can use much higher pin
counts. Without any strain on you or your components.

Interested? Call the AMP Linear ZIF Information Desk
at (717) 564-0100, Ext. 8400. Or write AMP Incorporated,
Harrisburg, PA 17105.

AMP and ACTION PIN are trademarks of AMP Incorporated.
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the more OEMs
demand of
tape systems,
the more we
deliver.

OEMs are demanding. They want
different models for different appli-
cations, the highest possible reli-
ability, and value that reflects in their
final product. Our Series 40 continues
the 17 year Digi-Data tradition of
satisfying these OEM requirements.

More Selection

Within our Series 40 family, they can
choose from 192 combinations of
NRZI, PE and NRZI/PE models with
reel sizes from 7 to 10.5 inches and
speeds from 12.5to 75 ips — all fea-
turing a new control block with more
functions, such as a density select
switch and an optional unit select
switch.

More Reliability
in a Simpler Package

Microprocessor controlled imbedded
formatter improves reliability by re-
ducing chip count as much as 50%.
All versions occupy a single board,
simplifying cabling and reducing
spares requirements, while eliminat-
ing the need for separate outrigger
housings. Improved transport modu-
larity facilitates field upgrading, par-
ticularly data density and tape speed.

More Value

Our low inertia tension arm design
provides gentle tape handling that
ensures data reliability without the
cost, complexity or maintenance
problems of vacuum columns. Ad-
vanced transport packaging includes
a metal frame door and self-aligning
rack mounting.

OEMs who interface the PDP-11,
Nova, Eclipse or HP-21MX can specify
Digi-Data's complete microcomputer
based tape systems at a cost savings
of 20 to 50%.

Be demanding. Write or call for
information.

DIGI-DATA
CORPORATION

8580 Dorsey Run Road
Jessup, MD 20794
(301) 498-0200
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LSl CHIPS EASE STANDARD 488

BUS INTERFACING

Time and cost disadvantages of interfacing to the IEEE Std 488
bus are overcome with a dedicated LSI chip set that incorporates
most of its functional and electrical specifications

Ronald M. Williams

Intel Corporation, Santa Clara, California

H istorically, interface techniques proliferated as
designers evolved customized links among instruments,
controllers, and processors for realtime test measure-
ments or data communications, resulting in excessive
and expensive codes, formats, signal levels, and timing
factors. Obviously, interface standardization was manda-
tory to save design costs for engineers, development
costs for manufacturers, and system integration costs
for users. Thus, 1EEE Standard 488-1978 (a revision of
ANSI/IEEE Std 488-1975) offers a universal instrumenta-
tion system approach to automatic operating measure-
ment configurations that provides compatibility, versa-
tility, and flexibility. This system approach establishes

a suitable standard bus for interfacing programmable
devices from different manufacturers. Outstanding ad-
vantages of the standard bus include byte serial, bit
parallel digital data handling, synchronized communi-
cation among devices at varying data rates, and hard-
ware interchangeability and interconnection in daisy-
chained fashion. However, some restrictive disadvantages
that have hindered implementation are highly com-
plex logic protocol, time consuming design analysis,
and lack of low cost components to perform the intri-
cate logic control functions. To overcome these draw-
backs, a large scale integrated (Lsi) chip set has been
designed with built-in 1EEE Std 488 logic controls. Thus,
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interfacing has been significantly simplified for proper-
ly connecting processor buses and programming system
protocols. ‘

Interface Overview

The 1EEE Standard 488-1978 bus interface includes
‘electrical, mechanical, and functional specifications®
for interconnecting both programmable and nonpro-
grammable electronic measuring apparatus with other
apparatus and accessories necessary to assemble in-
strumentation systems. The functional specifications
occupy about 80% of the document and involve a
proportional amount of system design time to imple-

*This article deals with the functional aspects (interface signals
that exist on the physical bus) of 1EEe Std 488-1978, and is not
intended as a complete dissertation on the major elements of the
standard. For detailed definitions of the mechanical (physical
cable connections), electrical (timing, voltages, and currents),
and operational (application software routines) technicalities,
interested readers should consult the IEEE Standard Digital
Interface for Programmable Instrumentation, 1EEE Std 488-1978,
Institute of Electrical and Electronics Engineers, Inc, New York,
Ny 10017, Nov 30, 1978—Ed.

ment. Bus functions encompass 16 active signal lines,
10 interface functions, the protocol by which inter-
face functions send and receive messages, and logical
and timing relationships between signal states.
Functional requirements of the standard can be in-
corporated in either hardware, software, or a com-
bination of both. Some designers have chosen the hard-
ware approach to incorporate all the interface func-
tions, using about 200 medium scale integrated (msI)
and small scale integrated (ss1) packages. This tech-
nique costs about $1000 for a complete interface
board. As a result, many cost sensitive implementa-
tions of the bus interface use only a subset of its
functions custom tailored to the requirements of the
devices involved, thereby reducing package count and
expense by curtailing the interchangeability advantages.
Other designers have selected the software approach
to implement the bus interface. One disadvantage of
this approach is that programming is an expensive and
extended project; another is that a subroutine has to
be executed with each transferred byte. This overhead
not only burdens the microprocessor within a device,
but also reduces the overall speed of the bus. This
approach costs about $200 for the interfacing functions.

DATA BUS LINES

HANDSHAKE
LINES FOR
DATA BYTE
TRANSFER
CONTROL

CONTROL
LINES FOR
INTERFACE
MANAGEMENT

— | (DATA INPUT/OUTPUT)
_J DIO1-8

L—DAV (DATA VALID)

NRFD (NOT READY FOR DATA)
NDAC (NOT DATA ACCEPTED)

LIFC(INTERFACE CLEAR)
ATN(ATTENTION)

SRQ(SERVICE REQUEST
REN(REMOTE ENABLE
EOI(END OR IDENTIFY)

Fig 1 |EEE Std 488 active signal lines
for multiple devices. Peripheral devices
of different characteristics can be easily
connected to standard bus interface.
Controller (or processor), such as mini-
computer, enables and disables talkers
and listeners and manages overall bus
activity. Bubble memory functions as
both talker and listener. As listener,
printer receives characters to be printed.
As talker, counter transmits measure-
ments to both controller and listeners
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Combinational hardware/software approaches, al-
though faster than direct software implementations,
still require enormous design time and cost about $1000
for a typical interface board.

With a recent alternative approach, however, the
bus interface is easier and less expensive to incorporate
in instrument designs. LsI circuit chips now include as
built-in capabilities most of the functional and some
of the electrical portions of the Standard’s specifica-
tions, significantly reducing design time and costing
about $50 for bus interfacing. Additionally, Intel’s
8291/8292 General Purpose Interface Bus (GPIB)
peripheral chip set also incorporates capabilities for
bus monitoring, data rate manipulation, and address-
ing to further simplify bus interface designs.

Bus Signal Definitions

The 1EEE Std 488 signals are defined as negative true,
where the high state (0 = false, >2.0 V) and the
low state (1 = true, <0.8 V) are based on standard
transistor-transistor logic (TTL) levels. Of the 16 active
signal lines, 8 are data lines, 5 are interface manage-

ment lines, and 3 are handshake lines (Fig 1). Data
input/output lines (p101-p108) carry Ascii-coded infor-
mation, as well as device addresses, universal com-
mands, or program instructions. Interface management
lines help to supervise the data lines. The primary
management line—Attention (ATN)—determines how
data lines are processed. When ATN is true, data lines
are interpreted as addresses or universal commands
by all bus connected devices. When ATN is false,
only those devices addressed can use the data lines;
in this case, data transmitted are typically device-
dependent. With another management line, Interface
Clear (1Fc), the bus controller returns the system to
a known quiescent state. The Service Request (SRQ)
line can be used by any device on the interface bus
when it has data to send (talker) or needs to receive
data (listener). The Remote Enable (REN) line de-
termines whether the system is under front panel or
program control. The End Or Identify (Eor) line can
be used as a delimiter by a talker (sending) device
to indicate an end of message, or by the controller
as a polling line.

Handshake lines control the timing relationship of
the interface bus (Fig 2). The Data Valid (pAv) line

Fig 2 Three-wire handshaking
between single talker and several

NDAC
(LISTENERS)

NRFD
(LISTENERS)
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(TALKER)
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{
{

|

|

|

4 |

| FIRST LISTENER TO ACKNOWLEDGE DAV LOW
|

|

e

: \ | WHEN [T SEES DAV LOW AND HAS ACCEPTED
DATA EACH LISTENER PULLS NRFD LOW AND

TALKER LETS DAV GO HIGH TO ACKNOWLEDGE

THAT DATA HAVE BEEN ACCEPTED; TALKER CAN

NOW CHANGE DATA.

TALKER SEES THAT ALL LISTNERS HAVE
ACKNOWLEDGED THAT DAV IS HIGH; IT HAS
CHANGED THE DATA AND PULLS DAV LOWTO

TELL LISTENERS THAT THE NEW DATA ARE VALID

DATA VALID

FIRST LISTENER TO ACKNOWLEDGE DAV HIGH
PULLS NDAC LOW

LAST LISTENER HAS FINALLY ACCEPTED DATA
AND RELEASED NDAC.

AND ACCEPT DATA PULLS NRFD LOW

LAST LISTENER HAS FINALLY SEEN DAV HIGH
AND RELEASES NRFD

SIMULTANEOUSLY RELEASES NDAC
WHEN T SEES DAV HIGH, EACH LISTENER PULLS

NDAC LOW AND SIMULTANEOUSLY RELEASES NRFD

listeners. Before transfer begins,
listener indicates it is .ready by
asserting Ready For Data (RFD)
message to true. Talker then
drives all eight data input/output
lines. Following settling time
specified by standard, talker as-
serts Data Valid (DAV) message
to true. While data are being
read, RFD message is asserted to
false since device is unable to
receive additional data. As each
listener completes its read, it
indicates acceptance by assert-
ing Data Accepted (DAC) mes-
sage to true; DAC is not sensed
true by talker until all listeners
have completed read. After each
device indicates acceptance, it
indicates readiness for data by
asserting RFD to true. New cycle
begins when all devices have
asserted RFD to true

125



GPIB LINES

MICROPROCESSOR
DATA LINES

ADDRESS INPUTS
FROM MICROPROCESSOR

—
READ REGISTERS j

INTERFACE FUNCTIONS

T0
NONINVERTING
BUS TRANSCEIVERS

WRITE REGISTERS

Fig 3 GPIB talker/listener chip. 8291 chip connects 8-bit microprocessor to noninverting bus trans-
ceivers, which, in turn, connect to IEEE Std 488 bus. Microprocessor manipulates data bytes after
receipt or before transmission, and monitors talker/listener status. Single chip handles all IEEE Std 488
interface functions, except controller functions *
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B - CAPABILITY DEFINED BY DESIGNER

1 -INTERFACE BUS SIGNAL LINES

2 -REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS
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(MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED; MESSAGES FROM INTERFACE
FUNCTIONS EXIST ACCORDING TO DESIGNER

6 -REMOTE INTERFACE MESSAGES SENT BY DEVICE FUNCTIONS WITHIN CONTROLLER (8292)

Fig 4 Bus interface functions. Messages received from interface bus can cause state transitions, just
as state transitions can cause messages to be sent on bus (1 and 2). Device dependent data are trans-
ferred automatically to microprocessor, without affecting state transitions (3). State changes in one func-
tion can cause state changes in another function, resulting in message to be sent (4). Microprocessor

can also send local messages to interface functions (5) or remote messages to interface (6)
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is used by a talker device to indicate that data are
ready to transmit. The Not Ready For Data (NRFD) and
Not Data Accepted (NDAC) lines are used by a listener
to indicate readiness to receive data and receipt of
data, respectively. As a result, a talker knows when
all listeners on the bus have received an 8-bit byte
of information. Thus, the transmission rate of the bus
is only as fast as the slowest listener.

Messages conveyed by all 16 lines are true or false,
depending on the states of 10 interface functions. The
standard defines each of these interface functions with
state diagrams. A function’s state can be changed by
a controller, another device on the bus, or a state
change in another function within a device. Of the
10 interface functions, four provide basic communica-
tion capabilities: Source Handshake (su), Talker (T),
Acceptor Handshake (Au), and Listener (L). These
functions affect the three handshake lines (DAV, NRFD,
and NDAC), eight data lines (p10l-np108), and EOI man-
agement line. The Device Clear (pc) and Device Trigger
(pT) interface functions are used to initialize and to
trigger a device, respectively. The Parallel Poll (pp)
function acts with the Eor line to send a single bit
of status information. The Service Request (srQ) func-
tion controls the SRQ management line. The Remote
Local (RL) interface uses the REN management line in
conjunction with front panel control. The Controller
(C) function, which is active in only one device on
the bus at a time, determines which device talks or
listens.

To date, these 10 interface functions and their intri-
cate interrelationship and timing factors have required
difficult and time consuming efforts when designing
the interface bus into a digital system.

Talker/Listener Chip Capabilities

The 8291 cpiB talker/listener chip, a 40-pin Ls1 device
(Fig 3), performs the inversion necessary to connect
an 8-bit microprocessor bus to the negative true IEEE
Std 488 bus. In addition, this chip implements most
of the Standard’s required functions. The microprocessor
sets the talker/listener chip to an initial state, manipu-
lates bytes before or after transmission, performs inter-
rupt service routines, causes state changes, monitors
other state changes, and enables and disables chip
capabilities.

Without microprocessor involvement, the talker/
listener chip implements all interface functions, ex-
cept controller performance, such as handling data
transfers, handshake protocols, listener/talker address
procedures, device clearing and triggering, service
requests, and parallel and serial polling schemes
(Fig4).

Within the chip architecture are eight read (output)
and eight write (input) registers. One input register
holds the data that are to be moved from the bus
to the microprocessor when a device is listening. An
output register holds the data byte that is to be
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transferred to the bus when a device is ready to
talk. The other seven write and seven read registers
control various chip functions.

Interrupt status registers 1 and 2 store 12 different
interrupt flags. For example, one bit in the Interrupt
Status 2 register reflects changes in a device’s ad-
dressed state. The microprocessor can poll both regis-
ters to determine which flag caused the interrupt, and
can then branch to the appropriate service routine.
Two corresponding interrupt mask registers allow de-
signers to mask any interrupt. A serial poll status
register holds device status information, and a serial
poll mode register is available so that the micro-
processor can verify this status. An address mode
register contains a device’s addressing mode, as de-
termined by the microprocessor. An address status
register monitors the address status (ie, active talker
or active listener) of a device.

Two address registers store the assigned device ad-
dresses. An End-Of-Sequence (E0s) register contains
a designer specified end of string code for delimiting
data block transfers by flagging the last byte with
EOL. A command pass-through register feeds non-GPIB
commands to the microprocessor. An auxiliary mode
register holds local messages to control reset, power
on, etc.

Among the chip’s capabilities are a programmable
data transfer rate from 62k to 525k bytes/s, three
addressing modes, and an EOS message recognition.
With a programmable data transfer rate, the designer
controls the handshake rate of the interface to match
the data transfer rate to the devices on the bus.

The three addressing modes permit flexibility in
designating talkers/listeners. The dual primary address
mode, for example, allows both a talker and a listener
address to be assigned to a device. With the primary/
secondary address mode, multiple devices of the same
type can have the same primary address, but a different
secondary address. In the third addressing mode, de-
vices can have both dual primary and dual secondary
addresses.

Data block transfers are made easier with the Eos
register. This register holds the character that signals
an end-of-block transfer. When a data byte loaded
into the data-out register matches the byte in the Eog
register, the talker/listener chip asserts the Eo1 line,
signaling an end of transfer.

Controller Chip Capabilities

The 8292 controller chip (Fig 5) implements the con-
troller function of the Standard. In conjunction with
the 8291, the controller forms a complete standard
interface, including the capability of handling the
transfer control protocol. This ability gives the designer
an option to accommodate multiple controllers on a
single bus.

Additionally, the 8292 performs all the tasks neces-
sary in a complete controller design. It responds to
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Fig 5 GPIB controller chip. 8292 chip works in conjunction with 8291 to periorm GPIB controller interface
functions. It implements local control commands from microprocessor according to IEEE Std 488 protocol.
Additionally, it processes such inputs from bus as SRQ and EOI. Furthermore, it can send the full repertoire
of GPIB control messages, including REN, IFC, ATN, and EOI
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service requests (SRQs), configures other devices on the
bus for remote control by sending Remote Enable
(REN), and sends Interface Clear (1Fc), allowing for
control seizure to reinitialize the bus. More important-
ly, the controller chip can take control of the bus
synchronously with the handshake, preventing the de-
struction of any data transmission in progress.

Internally, the controller chip has 10 dedicated
registers for programming and for monitoring status.
Through the use of the Interrupt Status and Interrupt
Mask registers, the designer can configure the con-
troller to interrupt the microprocessor on selected
events. An Event Counter and a corresponding status
register are available to monitor and control either
byte counts or block counts. A Time-Out register may
be set by the designer to program a time-out error
function; a corresponding status register contains the
current value in the time-out counter. In conjunction
with these registers, error control can be programmed
with the Error Flags and Error Mask registers. Finally,
Controller and cpPiB Status registers are available. Each
of these registers is read or programmed through a
dedicated command buffer.

Chip Set Application

The talker/listener and controller chips connect to the
standard interface bus through noninverting bus trans-
ceivers (Fig 6). These transceivers provide the 48-mA
bus drive capability needed to meet the electrical por-
tion of the 1IEEE Std 488 specification—not directly pos-
sible with existing metal oxide semiconductor (Mo0s)
parts. The talker/listener chip can interface directly
to microprocessor memory through a direct memory
access (DMA) controller, such as an 8237.

The microprocessor drives the talker/listener with a
short stored program (see Table), containing initialization
conditions, such as data transfer rate, address mode,
and other designer requirements. Microprocessor data
handling is limited to taking bytes off the bus after
they arrive or putting bytes of data on the bus. Inter-
rupt service routines are necessary for each unmasked
interrupt. Although 12 interrupts are available, not all
have to be used. All other standard bus functions are
handled by the 8291.

To send a byte of data, the microprocessor writes
the byte into the talker/listener data-out register. The
chip then transmits the data byte over the bus lines
in conjunction with the handshake lines. Next, the
NRFD line is checked to see if it is ready for data.
If a ready for data message is detected, the talker/
listener sends a DAV signal until it receives a data ac-
cepted message from the interface’s NpAc line. The
8291 also generates a Byte Out (BO) interrupt, setting
the Bo flag in the interrupt status register. When its
interrupt pin is activated, the microprocessor reads the
interrupt status register and responds to the interrupt
with an appropriate service routine.

The 8292 handles all hardware aspects of the con-
troller function: sRQ input, ATN, IFC, EOI, and REN
outputs. Meanwhile, the designer defined aspects of a

given GPIB system are handled by processor software.
For example, the processor is responsible for knowing
which device on the bus corresponds to which device
address. The processor then uses the 8291 to transmit
coded Controller commands as the 8292 asserts ATN.

Summary

Bus interface designs that previously required 150 or
200 msi/sst chips may now be implemented with a
cpIB peripheral chip set. For designers, this hardware
set means less design time and cost, resulting in in-
creased reliability and versatility in 1EEE Std 488 bus
interfaces custom programmed for dedicated applica-
tions.
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the Am9511. It took the
industry by storm. Now
there’s a device that does
tor four-function, high-

precision applications what
the Am9511 does for multi-

It’s a monolithic arith-
metic processor in the
IEEE format that ofters the
tull range of simple math
tunctions with tloating-
point siggle (32-bit) and

tunction, high-speed -
" ' 5 = s S, t,
applications. z.”ff”w”’”im et
@ =. /‘%‘a&i‘g Pt /6, ’%021;"? Sevt 2. *‘2
Announcing By S
d‘oﬂa%.
&. /@fg{&m/ﬁm~  ofsre (Sow)-
A=),

= AP ”Mﬁ’ ‘,  .

MATH CHIPS:
PART TWO.




double (64-bit) accuracy. and 16-bit microprocessors
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throughput by two orders of If you want the whole
magnitude over software story on arithmetic pro-
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TECH NOTE

Thermal Printhead
Technology and Design

Three common thermal printing technologies, transistor-resistor
silicon mesa, silk screened thick film resistive, and
vacuum deposited thin film resistive, are evaluated for a

high speed, high resolution thermal printhead design

William Boles

Hewlett-Packard Company, Desktop Computer Division,

Fort Collins, Colorado

T hermal printing technology has
steadily advanced from earlier de-
signs of heated styli and wax coated
paper used on strip chart recorders
to a high performance process with
the latest innovations in integrated
circuit designs for fabricating print-
heads, and in sophisticated chemical
formulations for producing high con-
trast, fade resistant papers. Design
considerations for a pagewide print-
head with uniformly spaced resistive
print elements, capable of fast print
rates and high print quality, demon-
strate the significant strides achieved
in thermal printing technologies.
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Technology Advantages and
Disadvantages

As with other printing technologies,
thermal printing will not solve all
print output needs, but does offer
distinct advantages, such as speed,
reliability, quiet operation, and com-
pactness. Similar to other nonimpact
methods, thermal printing provides
high speed output since there are
no hammers, fingers, belts, chains,
or ribbons to increase complexity.
In its simplest form, that of a full
width printhead, virtually the only
moving parts in thermal printing
are paper and platen. This simplicity

translates into higher speeds and
more reliable operation. Mean time
between failures (MTBFs) of 2k-h or
100M characters are common. Be-
cause it is a nonimpact method,
thermal printing is quiet; sound pres-
sure levels of less than 55 dBa are
normal for thermal printers with-
out sound-deadening enclosures.
While not often considered a major
advantage, thermal printing is clean
because it requires no inks, ribbons,
aluminized papers, or toners. These
advantages, which also contribute
to convenience and ease of use, plus
compactness, make thermal printers
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One company can cut keyboard costs.
Even when their keyboards cost more.

The most expensive
mistake you'll ever make
selecting a keyboard could
be spending too little. In the
long run, that adds up to
cutting comers, not costs.

So to make sure you
get the keyboard that really
meets your needs,

MICRO SWITCH uses Value
Engineering.

Through Value
Engineering, we look at your
particular product needs to
design a cost-effective
solution to your problems.
That means designing a
keyboard that interfaces with
your total system and meets
your needs. Precisely.

It also means we can
often lower your total system
cost. For example, we might
be able to incorporate into a
keyboard several levels of
codes that you had been
paying for separately. And at
a much higher cost.

Or maybe customize

integrated circuits to provide
you more logic for less
money.

Besides giving you cost-
efticiency, MICRO SWITCH
keyboards out- feature
practically every other
in the industry.

You can choose LED or
incandescent lighting.
Tactile or linear feel. Sealed
versions for military and
industrial uses. Alternate or
momentary action. Encoding
techniques that'll meet any
code requirement.

There are also wired-
only assemblies or separate
modules available. And you
can pick from the industry's
largest legend library.

Standard, solid state
Hall-effect technology
throughout the line delivers
reliability no mechanical
keyboard can offer. Plus, we
back up every keyboard we
make with a 1% Acceptable
Quality Level and a two-year

warranty.

It all adds up to quality
you can put your fingers
on every time.

For more information,
call 815/235-6600.

With MICRO SWITCH,
you'll be paying for
keyboards instead of
mistakes.
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ideal for integration into desktop
computers, instruments, computer
terminals, and analytical systems.

There are, however, some definite
drawbacks. Among these are the cost
of thermal paper, lack of simultane-
ous multiple copy capability, non-
permanency of image, and occasion-
al problems of making copies from
thermal paper. Thermal paper is
more expensive than plain—up to
$0.05/8.5 x 117 (21.6 x 27.9-cm)
sheet for high quality, high contrast
paper—compared to less than $0.02/
sheet for plain paper. However, this
higher paper cost is gradually de-
creasing as thermal printing appli-
cations expand. Simultaneous mul-
tiple copies are not practical, but
the high speed of thermal printing
often makes sequential copies of out-
put feasible if only occasional mul-
tiple copies are required. Improved
chemical formulations, especially in
black printing, have increased the
fade resistance of thermal papers so
that they are only slightly affected
by sunlight or moderate heat. Paper
reproducing in black also eliminates
copying problems associated with
some blue printing papers.

Image Forming

Thermal paper involves coating a
normal base paper with a heat sensi-
tive film of only a few micrometers
thickness. This film contains particles
of two separate colorless compon-
ents—a dyestuff and a phenolic
color former suspended in a solid
binder. When heat is applied, the
coating fuses and the two compo-
nents flow together. Chemical reac-
tion causes a colored image to ap-
pear; blue and black are the most
common colors.

Printhead Technologies

There are several methods of apply-
ing heat to thermal paper in order
to produce an image, the most com-
mon technologies being silicon mesa,
thick film resistive, and thin film
resistive. In silicon mesa technology,
patented by Texas Instruments, print-
ing elements are constituted of dis-
crete silicon chips with a transistor-
resistor pair deposited on the base
(Fig 1). This chip is epoxy-bonded
to a ceramic substrate in an array
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Fig 1 Silicon mesa technology. Transistor-resistor
pair is deposited on silicon chip. Transistor controls
current through resistor, heating silicon chip contact-
ing thermally-sensitive paper

to form the print element. A small
base current (i) controls a large
current (i) through the resistor.
Power dissipated by this resistor
heats the silicon chip that is in con-
tact with the paper. Print elements
are thermally isolated from each
other by a coating of silicon dioxide.
Since silicon is highly resistant to
abrasion, paper quality, and there-
fore cost, need not be as high as
with other thermal technologies.

In thick film resistive technology,
introduced by NCR, a resistive paste
is silkscreened onto a ceramic sub-
strate to produce individual print
elements (Fig 2). Current is passed
through these elements, and the
power dissipated causes each to heat
up while in contact with the paper.
Depending on the thickness of the
film, this method is also highly
resistant to abrasion.

In thin film resistive technology,
used extensively by Hewlett-Pack-
ard, the print elements are basically
a resistive film, like the thick film
method, but are only 500A thick
(Fig 3). The film is deposited on a
ceramic substrate using a vacuum
deposition method similar to that
used in manufacturing integrated
circuits. Because this method is more
precise than silkscreening, higher
print element densities are possible.
This technique also produces a print
element with a very low thermal
mass. Elements can be heated and

SILK SCREENED
RESISTANCE MATERIAL

CONDUCTO! —W/////Z//////////Z

CERAMIC

Fig 2 Thick film technology.
Thick film of resistive paste is
silkscreened onto ceramic sub-
strate over conductive traces.
Current through these resistors
causes them to heat up and form
image on thermally sensitive
paper

GOLD WEAR LAYER
NICKEL
ALUMINUM Lo
RESISTOR FILM S
GLAZE .
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Fig 3 Thin film technology. Very
thin (500-A) resistive film is vacuum-
deposited on ceramic substrate over
conductive traces. Wear layer of
aluminum oxide sputtered over print
elements protects them from abra-
sion
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Solid engineering and 340 lpm speed make the TermiNet 340 a more rugged, productive line printer.

Don'’t let the compact size of the
General Electric TermiNet 340 line
printer fool you. Because no matter
how hard you work it, it won’t quit on
you. It’s that tough, that dependable
and that much better than typical line
printers. And it’s available now.

A true 100% duty cycle printer

Unlike ordinary line printers, the
TermiNet 340 can take the punishment
of the broadest range of operating
environments —from front office to
factory floor —without complaining.
The key reason? A tough, ruggedly
engineered design. As a result, it keeps
on performing under tough-use condi-
tions when other line printers would
sputter and break down.

Engineered to stay on the job.

From top to bottom, the compact
TermiNet 340 line printer is engineered
with long-life components designed to
keep the printer on-line. And businesses
on schedule.

One reason: extra-thick, heavy-
duty, environment-resistant materials
chosen for the base and housing. To-
gether, they provide this rugged printer
with the impact strength, dimensional
stability and resistance to adverse envi-
ronments needed to keep working.

More reasons: print and ribbon
systems that won't wear out prema-
turely and won't cause the problems
other line printers do. Which is why

Any way you

the proven rotating-belt print system measumt em,

will last billions of characters. And
why the ribbon cartridge will maintain
very high print quality for at least 100
million characters.

Fewer service problems keep it
working longer

The fact is, TermiNet 340 line
printers are such productive workers,
they require very little attention and
very little maintenance once they'’re up
and running. Should service be
needed, you can count on getting these
printers back on-line in a hurry. That’s
because of convenient self-test features
that make troubleshooting easy and
fast. And because of a responsive
nationwide service network that keeps
downtime to a minimum and operating
costs low.

Find out for yourself. Mail the
coupon today and see why so many
companies have chosen the more pro-
ductive TermiNet 340 line printer to
get their work done.

Quality that will make a lasting impression

GENERAL @D ELECTRIC

CIRCLE 72 ON INQUIRY CARD

Telephone

Address

TermiNet 340
line printers

are more
productive
performers

Mail today to:
J. Walsh,
General Electric
Company,
TermiNet 794-43,
Waynesboro, VA.22980
Telephone:(703) 949-1474.

O Send me more information about
the TermiNet 340 line printer.

[0 Have a sales representative contact me.

O I'm also interested in a TermiNet 340 line
printer demonstration.

Name

Title

Company

State Zip




cooled quickly, allowing much fast-
er printing than other methods, with-
out smearing. To provide protection
from abrasion, a wear layer of
aluminum oxide is deposited over
the print ‘elements; low abrasion
papers are recommended for maxi-
mum printhead life.

Printhead Mechanisms

For each thermal printhead tech-
nology, there are several methods
of producing printed page copy. Most
thermal printers produce characters
made up of a dot matrix, with a
5-horizontal by 7-vertical dot array
being the most popular. Patterns
for these character sets are gen-
erally contained in a character buff-
er connected to a character read
only memory (RoM), which trans-
lates 7- or 8-bit Ascir data-in char-
acters into appropriate dot energiza-
tion formats.

Characters are printed on thermal
paper either by scanning a small

printhead array across the page or
by moving the paper past a fixed
pagewidth row of dots. The page-
width row of dots may be either a
single monolithic printhead or sev-
eral smaller segments joined end-to-
end. The segmented printhead is
cheaper to produce, since the yield
of a smaller segment is higher than
that of a larger monolithic head.
However, the requirements of match-
ing resistances for uniform print
quality and the mechanical complex-
ity of precisely aligning the seg-
ments often overcome the initial
lower cost of a segmented printhead.
Inexpensive scanning head printers
are usually lower in performance.
Printing speed is limited by mechan-
ical constraints to approximately
120 char/s, while fixed head printers
can print up to 500 lines/min.

Thermal Printhead Architecture

As an example of recent thermal
printhead architecture, mechanical

construction and data transfer de-
sign techniques are described for the
9876A 80-col thin film monolithic
head thermal graphics printer. In
the monolithic printhead (Fig 4),
560 equally spaced print resistors
are positioned on 0.013”” (0.33-mm)
centers, across a 7.28”” (185-mm)
width, to print both alphanumeric
data and high resolution graphics
data. Printing and plotting are ac-
complished by moving thermally
sensitive paper vertically in front
of the print resistors while they are
being selectively energized. The
heating process causes the paper to
darken where information is to be
recorded. Print resistors are de-
posited uniformly and thinly on a
ceramic substrate, and because of
their low thermal mass, they can be
heated and cooled rapidly so that
speeds of up to 480 lines/min can
be attained.

AscIl character data or control in-
structions pass into the printer
through the interface chip, which

HEATSINK~

CONNECTION PADS(PC BOARDS)

P FRAME

et

N HOLE :\

lHIN-FILM i

CIRCUITRY 1]
CHIP COVER

| :counecrio
PADS(PRINTHEAD)

SUBSTRATE
PRINT HEAD
DRIVER MODULE
INSET

B POWER DISTRIBUTION AND
‘\\/‘!NTERCONNECT PC BOARD

20-BIT SHIFT REGISTERS WITH LATCHING DRIVERS

DRIVE MODULE
BACKING PLATE

Fig 4 Exploded view of thermal printhead assembly. Each of seven printhead driver
modules contains four 20-bit shift registers with latching print resistor drivers. These
modules connect to monolithic printhead using compressible elastomeric con-
nectors. Power and burn information come through single connector cable onto
printed circuit board, which also connects to printhead with conductive elastomeric
connectors. Two rigid backing plates hold entire printhead assembly together
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If you nee it
today, rent it from
Rental Electronics.

Whenyou need a Hewlett-Packard
desktop computer, chances are
you need it now. This afternoon.

That's why it makes sense to give
Rental Electronics, Inc. a call. We're
renting the complete H-P line as if
there's no tomorrow. For companies
that need service today.

We've got nearly $30 million in H-P
computers, peripherals and instrumen-
tation, Intel development systems, | s OIS BN NS BN S B SN S SN S SN S
Tektronix scopes and electronic gadgetry l

For immediate action, return this coupon to Rental Electronics, Inc..
from all the top manufacturers. So

19347 Londelius St.. Northridge, CA 91324

we're sure to have precisely Whé_lt you I [J Send me your Rental Catalog. [] Send me your Equipment Sales Catalog — | may be I
need —even the very latest equipment. interested in buying some of your “previously owned " equipment

Our on-line, real-time computer I [J I have an immediate need for the following rental equipment l
zﬁsgiyagi?l?;m?oﬁﬂaﬁgﬁr{:t:r?trllyce i Please have somedne from your nearest Inventory Center phone me at
even if the equipment you need is in gs:sa—n P R T e e S e ;:'9 I
another of our ten warehouses across - i 3 > e
the continent I i - Ml Sion I

Gi all at 800-227-8409 ik = Wi

Ive us a call a = = °

(415-856-7600 in California) if you need Rental Elec"l'onlcs, Inc. I
H-P 9845, 9835A and 9825 desktop i M’_"CEL COMPAnY
computers. Or any of the complete line ... a different breed. cD10 I
of H-P peripherals. And do it today. TR P DR T EEE e G (e e D S S e S
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Cambion Low-Profile
Solder Tab Sockets fea-
ture solid engineering...
plus KAPTON™ film!

* all contacts sealed
tightly on board side with
Kapton—DuPont’s poly-
imide film which inhib-
its solder or flux entry.
Temperature resistance:
—269°C to +400°C. Flame
retardant, resists organic
solvents.

* unique inverted spring
design overcomes inser-
tion force resistance.

* dual leaf spring for re-
dundancy of contacts
means four times the
reliability.

* excellent DIP retention
(low insertion, high ex-
traction forces).

* all popular pin types in
tin or gold plating: 8, 14,
16,18, 22, 24, 28, 40 and
64-pin.

* massive availability.

* Send for our latest
socket brochure and
Catalog 121. Cambridge
Thermionic Corporation,
445 Concord Avenue,
Cambridge, MA 02238.
(617) 491-5400.

The Right Connection.

Kapton—Trademark of Dupont Corporation
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controls handshaking with the data
source. Character data enter the
random access memory (RAM) buff-
er, which can store up to 80 char-
acters, and then go to the character
RoM, which encodes the characters
into dot patterns. Character informa-
tion to be printed arrives at the
printhead one dot row at a time
from the character roMm. Each print-
head resistor can be accessed in-
dividually through seven shift regis-
ter modules (Fig 5), with four driver

shift register, bypassing the char-
acter RoM, and then into the print-
head.

Because power requirements to
drive all 560 dots simultaneously
would be excessive, maximum cur-
rent to the printhead is limited to
approximately 10 A. This value
means that a maximum of 100 dots
can be turned on at once. If more
than 100 dots in a row must be
“burned,” several passes must be
made with an increase in printing

VR*

PRINTHEAD RESISTORS
TO DEVELOP
THERMAL PAPER

printhead resistors

* VR = VOLTAGE USED TO DRIVE PRINT RESISTORS
+BSD =BIT SERIAL DATA

Fig 5 Shift register/driver modules. Twenty-eight 20-
resistor driver chips containing shift register latches
receive burn information from microcomputers, shift
data serially across printhead, and energize individual

chips per module. Printing informa-
tion is shifted serially through these
modules and then latched into the
driver chips, and current passed
through the resistors “burns” the
information onto the paper. Printing
time is saved by loading the next
dot row of data into the shift regis-
ters while the previous information
in the latches is being printed. Dot
patterns arrive in parallel format
to the shift registers, and are shifted
serially across the printhead until
a full dot row is accumulated. This
dot row is printed, and the stepper
motor advances the paper vertically
by an increment of one dot row.
The sequence repeats until a full
row of characters is printed. Then,
the stepper motor advances the
paper by a full line feed for spacing
and the next line of text is initiated.

If graphics rather than character
data are to be printed, a control
instruction precedes the graphic
data. The microcomputer interprets
the data, not as Ascir characters, but
as eight bits of graphic data. Via
a multiplexer, these data pass di-
rectly to the parallel-in, serial-out

time. However, the decrease in nor-
mal printing speed or graphics ap-
plications is slight. In a typical
alphanumeric printout, over 90% of
the dot rows contain less than 100
dots that need to be “burned.” In
graphics mode, this percentage may
increase or decrease according to
dot density of the graphics output.

Summary

Depending on required printing
speed, thermal printhead tradeoffs
involve cost and wear characteristics
for a particular application. Speeds
on the" order of 500 lines/min are
available with printers using thin
film resistive technology and page-
wide fixed head mechanisms. Also,
fixed head printers are capable of
generating raster graphics. Offering
easy interfacing as well as quiet
reliable output, thermal printers
are increasingly being used with
computer terminals, mini- and micro-
computers, automatic test equipment,
graphics and medical systems, ana-
Iytical laboratory systems, and data
logging instruments. O
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board level. And finally,in the
on-line mode, there’s PCC'’s
superior total check-out
diagnostic system which

also has fault isolation to

the board level.

Besides this unique 3-level
diagnostic capability you get
GCR recording density of
6250 bpi and a transport
speed of 125 ips all in a
19" x 24" package.

You also get the simplest
interface in the business.

By far. Direct parallel transfer
16-bit words, all in only
29 lines.

The PCC GCR-the tape
transport system with three
built-in doctors. So there’s
Nno waiting.

The only GCR
tape sub-
system for
minis that
troubleshoots
itself 3 ways.

This GCR tape transport
subsystem gives you three
self-diagnosing systems, each
in a different mode.

First, there’s the only
continuous self-circuit-
checking system on the
market. Then, in the off-line
mode, via a built-in key-
board, there’s full fault
isolation right down to the

=== PERIPHERALS

PERTEC COMPUTER CORPORATION

For further information, call toll-free 800-528-6050, Ext. 1323
(In Arizona, call 800-352-0458)
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TECH BRIEF

Efficient Digital Encoding Scheme

Modified NRZ code immunizes record and playback systems against dc drift

and bit slippage

Although the conventional non-
return to zero (NRz) code is the
most efficient for recording digital
data (if efficiency is measured by bits
to unit length of tape ratio), it is
subject to dc drift and bit slippage
whenever long strings of 1s or Os are
encountered. Codes that insert check
bits in the data to break up long
strings alleviate this problem, but
only at the expense of recording
efficiency.

An improved code, called J-NRz,
gives 100% of NRz efficiency yet also
solves the dc drift problem. It does
so by adding check bits in a specified
format only when a long string is
encountered. The rest of the data
stream is encoded in standard NRz
format.

One such system is programmed
to search for 32 consecutive identical
bits. The playback system is able to
handle up to 64 identical bits with-

J-NRZ DATA

DATA
CLOCK 0N %
(IF AVAILABLE) AND CLOCK :
CLOCK |
NRZ DATA

J-NRZ

ENCODE

TRUE

! (OR |
| comPLEMENT)
. i

SELECTED
— DATA CODE

| cLock

DATA

NRZ

DATA

DECODE

J-NRZ digital encoder-decoder. J-NRZ replaces long strings of
1s and Os in NRZ stream with preselected word, or its comple-
ment. Since most data are unaffected, bit overhead is kept low
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out drift, thus ensuring a 2:1 error
margin.

As shown in the Figure, the system
converts the input data into NRz, and
a clock is generated from the data.
If the input is already NRz with a
clock, it is routed to the next stage.

A preselected 32-bit word is stored
in P/ROM, RAM, or other word gen-
erator. The word is symmetrical, ie,
the same when played back in the
forward or the reverse direction, and
it is balanced with an equal num-
ber of 1s and Os.

The circuit includes a counter that
runs off the clock and resets each
time there is a data transition. If the
counter reaches a predetermined
number (32 in this system), it trig-
gers the controller to shift either the
stored word, for a string of all 1s,
or its complement, for all Os into
the data stream.

A shift register accepts the NRz
data bits in a serial train and holds
them while the monitor, controller,
and storage/transfer systems have
time to function. If the predeter-
mined number of 1s or Os has been
detected, the word is parallel shifted
out of storage and into the shift
register to replace the long string.
The register then resumes serial trans-
fer of the data.

On playback, the coded data are
routed to a dc restorer and bit syn-
chronizer. The input J-NRzZ is pro-
cessed by a monitor and controller
stage that initiates a shift of all s
upon detection of the coded word or
of all Os for the code word comple-
ment. Upon command from the con-
troller, the storage P/ROM or RAM
shifts all 1s or Os back into the shift
register, restoring the data to their
original form.

Note

This work was done by David E.
O’Brien 11 of Johnson Space Cen-
ter. No further documentation is
available. (msc-18267)

This document was prepared under the
sponsorship of the National Aeronautics
and Space Administration. Neither the
United States Government nor any person
acting on behalf of the United States Gov-
ernment assumes any liability resulting
from the use of the information contained
in this document, or warrants that such use
will be free from privately owned rights.
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New high resolution graphics
from the leader in low-cost color.

With our 8001G graphics terminal, ISC pioneered low
resolution color graphics at black and white prices. Now
we're able to offer the world's most cost effective high
resolution capabilities —at prices that are true-to-1ISC
tradition.

Announcing the 8001H. It's based on the 48-line
19" intelligent display terminal that has revolutionized
the process control industry. But the 8001H gives you
the added advantages of high resolution capabilities,
making it more than sufficient for all work required in
process control and most other applications, including
limited imaging.

The high resolution graphic hardware consists of 512
software programma-
ble characters, each
comprised of a 6 x 8
dot matrix with all 48
dots addressable
by software. This
translates into a
480 x 384 resolu-
tion for random
vectors and sym-
bols, resulting in a
6x improvement
from the stan-
dard 8001G.

Three main
modes of opera-
tion are avail-
able, including a
special character
mode, ISC stan-
dard plot mode,
and the high
resolution plot
mode for drawing
bar graphs, vec-
tors and point

Unretouched photo of screen
ISC SALES REPRESENTATIVES AL: 20
15/948-4563 2

FNO SD:(MN)6 >
VT:(MA)617/729
EUROPEAN EXPORT SALES: EUROPE: (MA) 6
THE NETHERLANDS: Poeldijk 0174¢ 0

Wellington 64-4585, CANA
MEXICO: Mont
IRAN: Tehran 891- MB OSRAEL Tel
s and se

370 SWITZERLAND
Cai

plots. Eight brilliant communicative colors are at your
disposal,to convey information quickly and accurately,
with critical control over detail.

The 8001H has an 8080A microprocessor capable
ofhandlingdataonatwo megahertz processingcycle. It
provides 2K of ROM, RS-232C interfacing capabilities,
and flexible editing made still easier by a keyboard with
color and numeric key clusters.

And its cost is nothing short of phenomenal * $3695 is
all you payforasingleunit;* $2695each for 100 or more

Ifyou'd like to upgrade your present 8001G units to
high resolution, hardware and software options are
available foraslittle as $1500 per single unit; $1000 for

100 or more.

All Intecolor
terminals are cov-
ered by a six month
warranty, and cash
with order guaran-
teesdelivery of a
single evaluation
unit at $2990 with-
in 30 days, or your
money back. If
you need high
resolution color,
but have found the
cost prohibitive,
here's your oppor-
tunity. Now that
Intecolor is per-
fectly capable of
high resolution
color, you can be,
too. Call your ISC
rep today.

Color
Communicates
Better

*U.S. domestic prices

Cruc 5

110WI IL) H’H /

Malmai € 37 CE: Athens 642-1368, ITALY: Roma 8!

57 55, UNITED KINGDOM: Bour

Melbourne 03-543-2077, Sydney 4

A 4/394-9603
LE EAST: (GA 81-0284

27790, Ryadh 25083

m lntelllgent Systems Corp.. Intecolor Drive » Technology Park/Atlanta « Norcross, Georgia 30092 « Telephone 404/449-5961 « TWX 810-766-1581
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Zilog rockets

out in front again
tolaunch a

new generation.

For the first time, the architectural
sophistication and data processing
capabilities of large, main-frame
computers has been captured in the
cost-effective, easy to use format

of the microprocessor. Now you can
have the freedom to create entirely
new, innovative systems, unhindered
by the primitive architectures of
previous microprocessors.

A revolution
in sophistication.

The Z8000 has been designed from
the ground up with options
to fit your application needs

exactly. For the full 8 MB
f q addressing capability,
(@ choose the 48 Pin DIP

Flexibility soars
to new heights.

version. Its companion
device, the Memory
Management Unit,
opens the way to dy-
namic relocation, mem-
ory protection and
multi-tasking applications.

STATUS (i
et l

set supports 7 different comn%jf st ?;TT’E Sﬁss’

data types from bits to 32 bit s .

words, has 8 addressing modes and =

418 usable opcode combinations. conmc:tj 2, %
The general register architecture horay SR
helps avoid the well-known bottle- ~ INTERRUPTS =825
necks inherent in dedicated register MULTI-
designs.When this architecture is CONMI’IISSI?/ -'f
The Z8000 allows you to directly combined with the powerful instruc- e
address up to 8 MB of memory. All 16  tion set, the Z8000 system throughput
registers are a full 16 bits wide and is an explosive 50% greater than any - G— b VRE-SET
are completely general purpose.The  other 16 bit microprocessor available e SUBSTRATE
powerful, problem-solving instruction  today. DECOUPLING

CAPACITOR




For smaller, less memory-
intensive applications, select the 40
Pin version of the Z8000. It's soft-
ware compatible with the 48 Pin
Z8000 but addressing is limited to
64KB in each of its six address
spaces. It comes in a standard 40
Pin package.

Wait *till you meet
the family.

We're starting off this new micro-
processor era with a bang, but it’s just
the beginning. Soon to come are the
Memory Management Unit, peripheral
interfaces, FIFO buffer elements,
universal peripheral controller and
memories for any application you
might have.

And, all the new |/O chips,
memories and, of course, the compan-
ion Z8, take advantage of the flex-
ible Z-BUS architecture to maximize
performance, ease of interconnection
and minimize PC board area.

Zilog delivers

on the

next generation

of microprocessors.
Again!

With the introduction of the Z8000,
microprocessor technology explodes
to new heights. Bursting with a rich
and sophisticated architecture, the

Z8000 not only opens the way to
revolutionizing your next generation

72 T3 7

PERFORMANCE/PRICE
RATIO

28000

'76 wr
TIME
of products, it has the built-in
growth potential to carry your product
development efforts out to totally
new and unexplored horizons.

Imagine

the possibilities,
then light

your own fuse!

Sound exciting? It is. Get your own
fireworks blazing by placing your
order today with your nearest Zilog
distributor.

In the meanwhile, give your
engineering staff a headstart on the
fireworks by ordering the Z8000
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literature package; in the U.S. order
directly from Zilog, elsewhere
from your Zilog distributor.

10460 Bubb Road, Cupertino, CA 95014
(408) 446-4666 TWX 910-338-7621
EASTERN REGION: (617) 667-2179
MIDWESTERN REGION: (312) 885-8080
SO.WESTERN REGION: (714) 549-2891
NO.WESTERN REGION: (408) 446-4666
EUROPE (ENGLAND): (0628) 36131/2/3
WEST GERMANY: (08106) 4035

JAPAN: 03-476-3010

An affiliate of
EX(ON ENTERPRISES INC.

7
7

Zilog




Now you have the flexibility
to design in a rugged, long-life
plasma display in tough system
environments with Interstate’s
flat-panel PDA 300 Display Head. It
displays alphanumerics /graphics,
and is TTL compatible for easy
interface. Inherent memory
eliminates display refresh, and the
unit is totally digital with no analog
circuits. It has a thin profile and is
designed to help meet your system

Viisit us at the MEE Show,
Anaheim-—booth 423

of ce life.

RFI/EMI requirements. Optional 1001 East Ball Road, P.O. Box
equipment includes a touch panel, 3117, Anaheim, CA 92803.
variable brightness control, rack (714) 635-7210.

;rlll(l))l;)rll; and remote-mounted power INTERSTATE
Today, for your best buy ELECTRONICS
decision, consider how the PDA CORPORATION

300 designs into your display
system. Deliverable Immediately. SUBSIDIARY OF \Vl"r’ﬂ_‘
For more information, call A g
or write Don Poulos, Product Information Processing and Display.
Manager, Interstate Electronics, Systems. Products. Services.
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MICRO DATA STACK

COMPUTERS, ELEMENTS, AND SYSTEMS

INTERFACING FUNDAMENTALS:
6800 I/O AND SYSTEM CONFIGURATION

Jonathan A. Titus and Christopher A. Titus
Tychon, Inc

Andrew C. Staugaard
Jamestown Community College

Peter R. Rony and David G. Larsen
Virginia Polytechnic Institute and State University

Hardware aspects of the 6800 microprocessor require
discussion in order to balance and augment the previ-
ous coverage of the chip’s internal organization and
instruction set. Examination of the pinout in Fig 1 shows
that this microprocessor requires a single 5-V power
supply and two nonoverlapping signals, which are
labeled as ¢l and ¢2. The standard 6800 chip has a
maximum clock frequency of 1 MHz; however, 1.5-
and 2.0-MHz versions are available—the 68A00 and
68B00, respectively. The ¢l clock signal is used for
internal instruction sequencing, whereas the ¢2 signal
serves as an input/output control line for timing and
synchronizing the 6800 with input/output devices. The
usual 16 address lines, A0 through A15, and eight bidi-
rectional data lines, DO through D7, are provided to
make up the external address and data buses, respec-
tively.

Control signals for read/write (r/w) operations be-
tween memory and the 6800 chip are provided by the
valid memory address (vma) and ®r/wW control lines.
The r/w line indicates the direction of data transfer,
being at a logic 1 for read and at a logic O for write.
The vMma line goes to a logic 1 whenever the micro-
processor places a valid 16-bit memory address on the
address bus.

Hardware interrupts are provided through the REsET,
IRQ, and NMI pins on the 6800 chip. These are all
vectored interrupts that directly access interrupt service
routines at specific memory locations. The 16-bit ad-
dresses of these locations are contained in the memory

GROUND RESET
HALT 1sC
¢ NO CONNECTION
TRQ $2
VMA DBE
NMT NO CONNECTION
BA R/W
5 VOLTS DO
A0 DI
Al D2
A2 D3
A3 D4
A4 DS
AS D6
Ab D7
A7 AlS
A8 Al4
A9 8 A3
A10 ® A2
All 20 GROUND

Fig 1 Pin assignments for 6800 chip. Motorola’s 40-
pin microprocessor—available in 1-, 1.5-, and 2.0-MHz
versions—requires 5-V supply. Featured are two non-
overlapping signals, 16 address lines, and 8 bidirec-
tional data lines
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E‘I“' ADDIESS BUS

UUU

6800 ‘
MPU
CRYSTAL . ey
AND {RAW)
cLock

~ ROM

6820

1/0
PIA DEVICES

“

s

8-BIT DATA 8US . >

l“—]

]

b
T} : @ CONTROL LINES TO ALL CHIPS @ — >

Fig 2 Microcomputer system configuration. Typical 6800 system which interfaces to 1/0
devices can handle majority of applications that are mainly aimed at small dedicated uses

region, FFF8H through rrrrH, where the letter H repre-
sents hexadecimal code. Three pairs of 2-byte addresses
are stored in this region to facilitate the three different
types of hardware interrupts. For example, RESET is
used for system initialization and restart; the address
for the routine is contained in locations ¥rrEH (high
byte) and rrrra (low byte). The mQ, or interrupt
request, input is a maskable interrupt line that is ig-
nored if the I flag bit in the internal condition code
register is set. The address for the maskable interrupt
routine is contained in locations FFr8H and FFFOH.
Finally, the w~mi, nonmaskable interrupt, input can
never be masked out and is normally used for emer-
gency interrupt situations. The address for the nonmask-
able interrupt routine is contained in locations FFFcH
and FFFDH. The microprocessor automatically stores its
internal register contents on a stack in R/wW memory
when either the TRQ or NMi interrupts are acknowledged.

External bus control is provided with the bus con-
trol lines Ba (bus available), pBe (data bus enable),
and Tsc (3-state control). These lines are normally
used to effectively disconnect the microprocessor from
the external bus system to allow direct memory access
by external devices.

Fig 2 is a schematic diagram of a minimum 6800
system configuration. This type of configuration should
accommodate at least 80% of the microcomputer appli-
cations since most microcomputers are used for small
dedicated applications. The address bus contains address
lines AO through A15, the data bus contains data lines
DO through D7, and the control bus—which provides
timing, synchronization, and supervision of data ex-
change between the microprocessor and external devices
—normally contains ¢2, vMa, R/W, interrupt lines, and
bus control s1gnals

Also shown in Fig 2 are r/w memory, read only mem-
ory (roMm), and the peripheral interface adapter (p1a).
The p1a is a programmable mput/outnut (1/0) chip
that simplifies interfacing with the “outside world.” It
provides decoding, latching, and 3-state buffering for
1/0 devices such as switches, keyboards, displays, analog
to digital (A-p) and digital to analog (p-a) converters.
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I

S0 ® N O A W N

5 VOLTS
PAOD w——a

40 jf@—— CA)
39 le—» cA2
PAl *-—» 38— ITRGA
37 —= TRGB
36 te———— RSO
e fe—— &S

PA2 *—

PA3 *——

PA4 -—»

PAS @———o 38 te———— RESET

PAL <— 33— po
PA7 - o 3
PBO
PB1
PB2
PB3
PB4
PBS
PB6
PB7
cB1
CB2

GROUND

32— D!
D2
D3
D4
D5
D6
D7

cs1
Cs2
cso
R/IW

Fig 3 PIA pin assignments. Motorola’s 6820
programmable PIA chip interfaces with pe-
ripherals. Functions performed are decoding,
latching, and 3-state buffering. Ports A and B
are both 8-bit 1/0 ports; CA and CB are two
control lines for each port
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__J . Fig 4 Interface to A-D con-

Nceso verter. Microcomputer system

:> MCs650x is interfaced to 7109 A-D con-

verter through 6820 chip. Both

, PIA ports are configured as

C:) ‘ input ports (Courtesy of Inter-
sil, Inc)

BUS

The 6820 P1a contains two 8-bit 1/0 ports, called port
A and port B. The eight bits within each port can be
independently programmed as either input or output
with the use of an associated internal data direction
register (DDR) assigned to each port. For each port the
piA also has two control lines—ca and cB—that provide
partial or complete handshaking capability. In the com-
plete handshaking mode, one control, ca, is used as
an interrupt input line and the other, cB, is used as
an output strobe. The pin configuration for the 6820
PIA is shown in Fig 3.

Data communication between the microprocessor and
an 1/0 device is provided through the use of the tech-
nique called memory mapped 1/0. With memory mapped
1/0, each 1/0 device is treated as a memory location or
group of memory locations. No special input or output
instructions are needed. For example, to send data to
an 1/0 device, a store accumulator in memory (sTA)
instruction is executed; to read data from an 1/0 de-
vice, a load accumulator from memory (LpA) instruction
is executed. Each port in the p1a chip in Fig 2 has a
unique address assigned to it; to input or output data,
memory R/w operations that address the proper port
are executed.

Fig 4 demonstrates how the system in Fig 2 can be
interfaced to an A-p converter. The A-p device used is
the low cost Intersil 7109 12-bit a-pD converter, which
provides up to 30 conversions/s and can be operated
in a direct or a complete handshaking mode. Given an
analog input signal, the A-p converter provides 14 bits
of data to the p1a: 12 data bits (Bl through B12) plus
a polarity bit (por) and an overrange bit (or). The
12 data bits are divided into a low order data byte (Bl
through B8) and a high order data byte (B9 through
B12). The low order byte is connected to p1a port B
lines pBO through pB7; the high order byte, including
poL and OR, is connected to port A lines PAO through
PA5. Therefore, both p1a ports are configured as input
ports.

The p1a control line cBl acts as an interrupt input
and is programmed to generate an interrupt request to
the 6800 on a high to low transition of the A-D converter’s
sTATUS pin. Control line cB2 is programmed as an output
line and is connected to the A-D converter via the RUN/
HoLD pin. If cB2 is held high, the A-p converter is per-
mitted to provide continuous conversions by interrupting
the 6800 via the cBl line as soon as each conversion be-
comes available; this is the Run mode of operation.
The A-Dp converter contains an output latch so that data
will not be lost before the microprocessor acknowledges

the interrupt. If cB2 is held low, the conversion process
can be halted. When desired, a conversion can be ini-
tiated by strobing the A-p converter with a pulse from
the c¢B2 line. Similar considerations for the newer Motorola
microcomputer chips will be examined, commencing with
the Mmc6802 and mc6808.

This article is based, with permission, on a column g g
appearing in American Laboratory magazine. 2 %

o ROLLS&
ESE0
: TAPES

(=)

' for every
business need

. .. THE BEST FOR MODERN DATA
PROCESSING EQUIPMENT

PAPER TAPE — 7 Colors plus Black Opaque;
Printed Top/Arrow; Oiled and Unoiled Rolls: FOLD-
ED TAPES — For specialized applications.
THERMAL PAPER — Rolls and Folded. Marginally
punched and cross perforated for all types of
printers and calculators.

MYLAR TAPE — Paper/Mylar Laminations; Foil/
Mylar Laminations; Metalized Mylar.

FOLDED LISTER PAPERS — For Digital Print-out
Units.

TELETYPE ROLLS: Single copy; Multi-copy Carbon
inter-leaved and Carbonless Friction Feed Sprocket
feed.

CONTINUOUS TELETYPE FORMS: 814” x 11" Car-
bon inter-leaved 1 through 6 part; Carbonless 1
through 6 part (NCR).

Send for Brochure
Branch Office

Mt. Laurel, N.J. 08054
609 234-1276

Branch Office

and Warehouse
Northfield, IIl. 60093

EASTERN SPECIALTIES COMPANY, INC. 312 446-8760
P. O. Box 350, Holyoke, Ma. 01040, Tel: 413 533-7103
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Board Level Microcomputer Can Solve
Dedicated Control Problems at Low Cost

24
I/0 LINES

8255
PROGRAMMABLE INTERRUPT 8080A
PERIPHERAL CPU
INTERFACE
SYSTEM BUS
¢ SERIES/B0 SYSTEM BUS >ro OFFBOARD
| OPTIONS
512%8 4Kx 8
RAM ROM-P/ROM

its capabilities

Single-board configuration of National Semiconductor’s BLC-80/07
packs power of 8080A CPU, 512 bytes of RAM, and optional ROM,
plus Series/80 system bus for addition of options to further expand

Dedicated control and processing
applications are handled by the
BLC-80/07 single-board computer that
offers the computing power of a
BLC-80/10 at a lower cost of $365.
Based on the 8080A microprocessor,
the MmuLTIBUS™ compatible computer
can use BLC/SBC Series/80 hardware
and software products. Expansion at
a reasonable incremental cost is pos-
sible with the addition of such mod-
ules as a 4-slot chassis, power sup-
ply, RaM and RoM in combinations
up to 64k bytes, various 1/0 control-
lers, and digital and analog 1/0.
National Semiconductor Corp, 2900
Semiconductor Dr, Santa Clara, ca
95051, burns in all boards at 55 °C
for 8 h.

System components are the 8080A
cpu, 512 bytes of static ram, sockets
for up to 4k bytes of p/rom, 24
parallel 1/0 lines, and a system
clock. The TTL compatible 1/0 lines
are controlled by an 1ms8255 pro-
grammable peripheral interface - cir-
cuit. The lines configure to various
unidirectional /bidirectional modes.
Compatible 1/0 terminator modules
are a 220/330-Q divider and a 1-kQ
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pullup. The variety of driver circuit
types for this 1/0 section are invert-
ing, noninverting, high voltage, and
open collector combinations with sink
current capacity ranging from 16 to
48 mA. The computer addresses 64k
bytes of memory and has an access
time of less than 500 ns.

The cpuU’s single-level interrupt
for recognition of events may origi-
nate from four sources or-tied to the
single level. When an interrupt is
received, an in-process instruction is
completed and the program is then
suspended. The cpu passes control to
a user defined interrupt service rou-
tine which saves system conditions
while the interrupt is processed.

Addressing modes are direct, regis-
ter, register indirect, and immediate.
There are 111 instruction types, six
8-bit general purpose registers, an
8-bit accumulator, 16-bit program
counter, and 16-bit stack pointer. A
subroutine mechanism uses the stack
pointer with push and pop instruc-
tion to implement call and return
instruction types. All address, data,
and control signals are Tri-State™
TTL compatible.

System Arrangement
Cuts Computer Costs
For OEM Houses

The Semi-System concept of OEM
computer systems was conceived by
General Robotics Corp, 57 N Main
St, Hartford, wi 53027, as a prac-
tical means of saving money. The
OoEM buys the system without the
Ls1-11 processor and disc drives in-
stalled; these are then purchased
directly from Digital Equipment
Corp and a disc drive manufacturer,
eliminating the cost markup that a
full system supplier would add.
Assembly of the whole system is
easy. The wrsi-11 pc module plugs
into the backplane, and cables are
plugged into the disc drive. Floppy
disc drives are mounted with two
bolts, and a cartridge disc drive is
mounted in a rackmount cabinet.
The first floppy disc configuration
is based on the company’s GEMINI
package with space for two floppy
disc drives to be packaged in a 10.5”
(26.7-cm) high rackmount or desk-
top box. It is complete with power
supplies and fans, backplane and
card cage, 64k bytes of ram, hard-
ware bootstrap, line frequency clock,
and serial ®s-232 port; the other
configurations all contain these same
features. A floppy disc controller
handles either single- or double-
sided double-density floppy discs us-
ing GCr techniques and storing up
to 2.5M bytes. Shugart, Qume, and
cpc are among the compatible drives.
Price is $4200 for quantity 50.
Based on the TrisTAR, the second
floppy disc configuration can handle
up to three floppies mounted in a
separate box provided with the sys-
tem. The controller is contained in
a separate 5.25” (13.34-cm) rack-
mount or desktop box. The quantity
50 price is $4900.
A hard disc system is similar, with
a controller in a 5.25” (13.34-cm)
package. Standard cartridge type
drives that interface the Lsi-11 Q-Bus
include Pertec, cpc, EM&M, Western
Dynex, and Diablo. The cost is $4200
(quantity 50). Storage module drives,
configured the same as this system,
are $4900 in quantity 50. It inter-
faces with most standard drives
which have an smp interface.
Circle 410 on Inquiry Card
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HP’s computer-controlled
logic analyzers...they love the
jobs you hate.

& deskmp

analysis and extend a logk: analyzer's capablliﬁes. In routine
or repetitive measurements, the computer can control
and monitor analyzer operation while you work elsewhere.

Interfacing one of HP’s logic analyzers to an HP desktop
computer is simple via the HP-IB*, and programs are
easier to write for most development applications. Your small
* up-front investment in time will be paid back over and over
again with time saved in data reduction, documentation, anal-
ysis and monitoring.
For example:

" Datareduction. Now

you can have a desktop
computer process ana-
lyzer data and display
results on the analyzer
CRT. Store your micro-
processor’s instruction
set, for example, and dis-
play mnemonics beside
op codes on the analyzer data listing.

Documentation. Couple an HP logic analyzer to an
HP-IB compatible printer and you can save hours documenting
an r listings and
se;lyze With HP’s — ’\t
1615A Logic Analyzer &
and 7245A Plotter/
Printer, you can obtain
timing displays (including
glitch information) in
hard copy for lab
notebooks. In many

applications the
HP-IB “‘talk only”’

flow, make comparisons

the computer can watch
for intermittent prob-
lems while you concen-
trate on system solutions.
The computer/analyzer
combination can take

“‘snapshots’’ of program

with stored data, then stop a program restart a test or reprogram
itself to gather different data.
Characterization. Repetitive measurements are a natural

. for these systems. Applications include determining failure rates

for component evaluation or to establish field maintenance
schedules. Or plotting execution times as a function of data
values. And because the analyzer and computer are extemal
to the system under test, you can characterize it in its true
operating mode. ’

Four analyzer choices. Combine an HP desktop com-
puter with the 1602A Logic State Analyzer ($2100**) for low
cost systems. A 1610A Logic State Analyzer ($11,800**) is.
ideal for tailoring to your microprocessor based system appli-
cations. For synchronous/asynchronous interaction problems
the 1615A Logic Analyzer ($7200**) is your choice. And for
computer networks, select the 1640A Serial Data Ana-
lyzer ($6275**).

Your local HP field engineer can help eliminate those jobs
you hate. Call him for details today.

* HP's implementation of IEEE 488-1975
** Domestic U.S.A. price only with HP-IB option

HEWLETT [hp) PACKARD

1507 Page Ml Road, Palo Alto, California 94304

For assistance call your nearest regional office: Eastern: (301) 258-2000,
Midwestern: (312) 255-9800, Southemn: (404) 955-1500; Western: (213) 877-1282.
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Essential Small Business
Computer Elements Are
Reduced To Three Cards

The minimum configuration electron-
ic package of the model 770 con-
sists of a cpu/video board, memory
combination board, and 1/0 board—
all 7 x 12”7 (18 x 30 cm)—in a
7-slot card cage with power supply
and system cables. Psytek Computer
Systems, 1900 Pickwick Ave, Glen-
view, 1L 60025, has disregarded gen-
eral purpose features and has in-
stead included only the basic ele-
ments of concern to small business
computer manufacturers and users.
Physical compatibility with Intel’s
MULTIBUS™ structure permits expan-
sion with peripheral cards that use
this format.

The standard system comes with
48k characters of internal memory
and with system diagnostics and load
procedures resident in p/roM. Two
1M compatible full-size floppy discs
store 0.5M characters. These can ex-
pand to 294k characters internally
and 35M characters externally. The
12” (30-cm) video monitor delivers
30 lines of 80 upper/lower case char-
acters. A detachable keyboard also
contains a separate numeric pad.
Several printers can be attached to
the parallel interface.

The cpu/video board contains a
Z80A microprocessor, bus control
electronics, and video system with
4k bytes of memory for the crr dis-
play and the cpu’s scratchpad. The
48k bytes of ram and 4k bytes of
ROM are on the memory board which
allows 16 banks of 16k-byte rRam
to be used in the system. The first
of these banks is on this card; other
banks are added with an optional
pC card.

The final board interfaces the com-
puter with up to four floppy drives,
one keyboard, and one printer. Pro-
grammable tone generator and sys-
tem control logic allow implementa-
tion of the computer’s front panel
on the system keyboard. Optional
boards are a serial/parallel 1/0
board, a graphics display board for
B/w and color graphics, and ex-
tended memory boards with four
switchable 16k-byte banks of raM.

System software includes extended
BAsIC, text editor, Z80 assembler,
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program debugger, 1/0 and utility
routines, and a disc operating system
with sequential and random files, all
of which run under the company’s
Supervisor. This allows the modules
to interact efficiently. Software busi-
ness applications are available. The
system supports cp/MT™; thus, users
have a choice among several Basics,
FORTRAN IV, COBOL, PASCAL, and APL.
Circle 411 on Inquiry Card

Desktop Computer Options
Add Communications and
Storage Capabilities

A dual diskette drive and two com-
munications packages are major addi-
tions that Durango Systems Inc, 10101
Bubb Rd, Cupertino, ca 95014, is
offering as options to the portable
F-85 computer (see Computer De-
sign, Dec 78, p 132). Model 8705
auxiliary drive option adds two 5.25”
(13-cm) 473k-byte diskettes to ex-
tend the basic system’s online stor-
age to four drives totaling approxi-
mately 2M characters, It enables
separate device oriented files and
reduces diskette manipulation dur-
ing processing. Housed in an 8.55 x
7.75 x 13.25" (21.72 x 19.69 x 33.66-
cm) self-contained enclosure with
power supply, the $3085 unit con-
nects to the computer via a single
logic cable through an existing back
connector. Drives, assigned physical
addresses 2 and 3, operate in the
same manner as integral drives 0
and 1.

Communications options transmit
and receive data from remote com-
puter systems. Both packages consist
of a hardware and software module.
The 8535 asynchronous package works
over switched telephone network or
private point-to-point lines. It sup-
ports features used by other com-
puter manufacturers when operating
in Ascr asynchronous serial bit mode.
Included are batch, interactive, or
combined modes; switched or private
line operation; several full- or half-
duplex protocols; error logging; and
a horizontal tabbing facility. Trans-
mission rates are from 50 to 9600
baud. The software provides data
routing to a printer, video screen,
or mass storage.

Using binary synchronous com-
munications procedures, the 8535
package emulates the protocol used
by 1M 2780 and 3780 data com-
munications terminals. The emula-
tor operates under control of the
Dx-85 operating system in batch mode.

On transmission to the F-85, all data
are transferred from a named mass
storage file while received data can
be routed to the printer, video screen,
or mass storage. Operation is in
either point-to-point or multipoint
mode. The protocol also includes
block checking and automatic re-
transmission. Rates range from 2000
to 9600 baud.

Both packages contain command
sets for specification of various line
parameters and operating states.
Prices are $625 and $1275, respec-
tively. A $115 security lock provides
controlled access to the computer
through a keylock switch on the
keyboard. Three positions are dis-
able, enable, and supervisory. A
random access fixed disc drive with
a storage capacity of 12M bytes is
planned for the fourth quarter of
1979.

Circle 412 on Inquiry Card

Storage Ranges From
250k to 1.2M Bytes
With S-100 Floppy Discs

S-100 systems running at 2, 4, or
5 MHz can accept any of three 8"
(20-cm) full-sized floppy disc sub-
systems. Drives are mounted in single
or dual cabinets with self-contained
power supply, detachable line cord,
and detachable 50-conductor signal
cable. Also included are the Disk/
ATE operating system and the
BAsic-v advanced Basic language in-
terpreter with virtual memory ad-
dressing.

The single-density piscus 1™ sys-
tem holds 250k bytes of data, using
BM soft-sectored format, as do the
other two systems. It uses the Disk
Jockey I™ gingle-density controller
which has 0.5k of rom with disc
utility subroutines, 256 bytes of raMm,
and a software drive serial 1/0 port.

Quad-density piscus 2+2TM uses
double-sided floppy disc drives to
store 1.2M bytes of data. piscus 2D™
is a double-density floppy disc sys-
tem with a capacity of 600k bytes;
it uses a single-sided drive.

Thinker Toys, 5221 Central Ave,
Richnmond, ca 94804. has developed
the Disk Jockey 2D™ controller for
both of these systems. It features a
serial 1/0 port with a UART and pro-
gramraable baud rate generator, 1k
of ram, and 1k of rom whick exe-
cutes such disc functions as read
sector, write sector, and bootstrap.
Jump start logic automatically loads
standalone systems on power-up.
Circle 413 on Inquiry Card
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Thinking Compulers?

Think of the Possibilities-A Complete Computer for $1485*

All You Add Is The Terminal, Printer,
And Applications Software —
And You've Got A Complete System!

The HORIZON® is a complete computer—Z80® 32K
RAM, Disk and 1/O—priced so that the only limit to
application in your system is your imagination! And,
the HORIZON is packaged in a natural wood cover,
adding sales appeal to your system! Think of the pos-
sibilities if you're designing a system for education,
small business, process control, word processing,
engineering, or whatever is on your mind.

Over 15,000 North Star Systems In Use!

We offer you the maturity and reliability to meet the
needs of demanding, high-volume applications. HORI-
ZON performance and reliability are assured through
the use of the proven Z8OA microprocessor and indus-
try standard 5%4"” 180K and 360K byte disk drives. Our
professional approach to design (for example,
memory parity) has been proven in thousands

of installations.

North Star Specifications:
CPU: 4 Mhz Z80A
RAM: 200ns (including parity check)
Bus: 12 slot, S-100 Word
Disk: 180K or 360K bytes per diskette ‘ g
Controller: Up to 4 drives (up to 1.4M bytes)

'cc""g
: r'g“ p,-ocess- cQ""rW
1| Business
Smo i
Educatio

250 KB transfer rate &

1/0: Two Serial RS-232 |/O ports
and one 8 bit parallel
1/0 port
Cover: Natural Wood or
Blue Metal

Py g

Complete Software Support:

DOS, BASIC, and MONITOR!

We provide you with the tools (bundled system
software) for writing the application programs that
will make your system work! Our BASIC is a full ex-
tended disk BASIC! Hundreds of commercial software
application packages have been developed using
North Star BASIC.

Expand Your Horizon!

The HORIZON can be expanded to 56K bytes or more
of RAM, four double density or quad capacity (two-
sided) mini disk drives and 18M byte hard disk. Per-
formance can be enhanced by the addition of the North
Star hardware floating point board. Also, S-100 bus
products from other manufacturers may be used to
expand the HORIZON.

For complete information call Bernard Silverman
at 415-527-6950. TELEX/TWX 910-366-7001.

X

1440Fourth St,
Berkeley, CA94710

Z80% is a registered trademark of ZILOG Corporation.

*32K byte RAM and one 180K byte double density drive system
in OEM quantities of 100 or more.
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Faster Execution of
Instructions Enhances
6800 Microprocessor

Using a 2.5-MHz clock, S68H00 exe-
cutes one data access instruction/two
clock cycles, obtaining a processing
speed that is claimed to be 2% times
that of the standard 6800. High speed
processing in instruments and numer-
ical controllers can be performed
more efficiently. American Micro-
systems, Inc, 3800 Homestead Rd,
Santa Clara, ca 95051, is supporting
the processor with the newly intro-
duced S68H21 peripheral interface
adapter which has a 2.5-MHz speed.
This enables configuration of a high
speed microcomputer using two of
the company’s S2114 1k x 4 RaMs
and an S4216B 2k x 8 roM.

Other aspects of the microproces-
sor are identical to earlier versions.
Available in ceramic and plastic
packages, it uses 8-bit parallel pro-
cessing, has an 8-bit bidirectional
data bus, 16-bit address bus, and a
72-instruction set with seven address-
ing modes. Execution is from two
400-ns machine cycles for most in-
structions up to 12 cycles for a soft-
ware interrupt.

Circle 414 on Inquiry Card

Slave Processor Aids
Systems Requiring
Distributed Power

The intelligent, Z80 based 1861A
peripheral controller has up to 16k
of memory and can address all the
memory and 1/0 in the Flexibus m
system to which it is added. Its four
independent serial channels are con-
figured by onboard jumpers to syn-
chronous or asynchronous operation
with internal or external clocks.
Independent single-channel commun-
ications adapters provide full signal
flexibility and modem control for
each channel. These serve to inter-
face standard TTL signals, output
from the processor to 20-mA/pcs
party lines, Era Rs-232-C, -422, or
-423 interface signals. Internal clock
rates are program selected. Data
rates up to 500k bits/s are possible.
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Communications channels are hard-
ware compatible with such industry
communications protocols as async,
BSC, SDLC, HDLC, ADCAP, and Canadian,
u.s., and European virtual telecom-
munication networks. Thus, the sys-
tem can control subsystems from
several manufacturers.

A multiprocessor debug tool has
been announced simultaneously by
Process Computer Systems Inc, 750
N Maple Rd, Saline, M1 48176. The
accessory for the controller allows
simultaneous debugging of multiple
cpus. Any memory locations in a
designated processor can be examined
and altered synchronously or inde-
pendently.  Breakpoints are = set,
cleared, or coordinated from either
the local or development system con-
sole.

Circle 415 on Inquiry Card

Two Boards Generate
High Resolution Graphics
For MULTIBUS Systems

The RrRG-sBc-vGI vector generator and
RG-sBC-MI refresh memory form the
RG-sBC configurable graphics gen-
erator to produce a composite TV
signal for display on a standard
525-line (625 optional) Tv, used in
conjunction with Intel MuLTIBUS™
systems. Up to eight refresh memory
boards combine with one vector gen-
erator to give graphics in black and
white, color, or up to 16 shades of
gray. Three refresh memory boards
are required for red, green, and blue
outputs for color monitors that ac-
cept TTL level RGB inputs. Resolution
ranges from 320 x 240 to 640 (H)
x 480 (V). Complex displays may
be programmed in BAsIC.

The instruction set that Raster
Graphics, po Box 23334, Tigard, or
97223, has included controls the vec-
tor generator which automatically
starts, issues a busy signal to the
status port, and stops when the vec-
tor is written into the refresh mem-
ory. Instruction ports reside in one
page of user selected 1/0 address
space. Hardware performs the task
of creating the vector, writing it into

refresh memory, and producing the
Tv signal, all transparent to the user.
Chaining vectors together creates
symbols, shapes, and patterns.

Single-refresh memory configura-
tions are used with static display
formats that are updated infrequent-
ly, or where higher resolution is re-
quired, using all the available mem-
ory. Dual-refresh memories are nec-
essary for complex moving displays
in order to eliminate objectionable
R/w interference that occurs when
data are written or read from the
same memory. Users may display
data from either refresh memory by
issuing the switch command. Previ-
ously displayed data may be op-
tionally erased or retained when
memories are switched, thus provid-
ing stored and nonstored modes of
operation. Single-refresh configura-
tions need one stored and one non-
stored mode; dual-refresh configura-
tions require two of each mode.
Circle 416 on Inquiry Card

Impact Matrix Printer
Produces uComputer Hard
Copy at 132 Char/s

A stepper motor driven integral
tractor mechanism with precision in-
cremental paper motion and forms
width and thickness adjustments, con-
tinuous loop ribbon with reinking
roller for 3M- to 5M-character life,
and only two moving parts to drive
the printhead and drive motors are
mechanical features of the model
801 that assure high quality for
microcomputers such as Radio Shack’s
TRs-80, the Apple 1, and the Com-
pucolor. It connects via either an
Rs-232 serial interface or Centronics
compatible parallel interface.
Distributed by Vitek, 1160 Barbara
Dr, Vista, ca 92083, the unit prints
132 upper and lower case char-
acters/s, 80 columns wide, on up to
five copies of standard computer
forms up to 9.875” (25 cm) wide.
The standard set consists of 96 ascu
characters. A 127-character line buff-
er is standard. The printer produces
a 7 x 7 dot matrix.
Circle 417 on Inquiry Card
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The only
complete family
of floppy disk
controllers

From Western Digital: FD1797 only takes one command. Butthere’s
a complete family of MOS/LSI Floppy Disk Pouble Lerny more. Programmable track-
Controllers to meet the i et to-track access time, on-
demand of double- Bacths s chip track and sector
density head-on. Ivae) o registers, and an automatic
Introducing the seek with verify on all step
179X. A new genera- commands. A simple 8-bit inter-
tion of Single/Double s o face allows your
density controllers for it B microprocessor to
usewith boththe5%” and  rp1794.01+ access eleven
8” drives. Full compata- ~ S"gleJes powerful macro
bility with the IBM commands.
3740 and System e True Bus
34 formats is stan- Bouble Durwly versions are
dard. Need more i coml:?a'.uble with t_he Z80
storage? No problem. Doutle Densiy and 8080. So join the family. Get
rue bus

all the details on Western Digi-
tal's 179X series of Floppy Disk

Sector lengths are variable from
128 to 1024 bytes as well as inter-record
gap sizes to fit just about any application. Controller chips, and see why
You can even read or write multiple sec- tDizesiis we’re nun:ber one in single
tors within 1 revolution of the disk, and it Singie Denslty and double density designs.

*Compatible with FD1791 and FD1793

Single and double density compatible

WESTERN DIGITAL
cC i S SR - (I # A A g o N

/
REGIONAL OFFICES:
Northwestern North Central Northeastern European
Burlingame, CA Chicago, IL Marblehead, MA London, England
(415) 344-1165 (312)635-6069 (617) 631-6466 01-542-1035
CORPORATE OFFICE:
Southwestern South Central Southeastern Newport Beach, CA
Newport Beach, CA Dallas, TX Marblehead, MA (714) 557-3550
(714) 851-1221 (214) 386-9450 (617) 631-6466 TWX910-595-1139
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Suppori' Modules Erect
Severe Environment
Microcomputer System

A building block approach to de-
signing a custom microcomputer sys-
tem for industrial, military, and
other severe environment applica-
tions simplifies the task and cuts
development costs. The base of the
secs 80 system is the secs 80/10A,
a ruggedized version of Intel’s isBc™
80/10A single-board microcomputer
(see Computer Design, Jan 79, pp
146, 148). Support modules offer a
choice of 1/0 expansion board, rAM,
p/RoM, EPROM, digital tape recorder
and controller, high speed arithmet-
ic unit, A-D converter, power sup-
plies, and chassis.

All modules are mounted on stan-
dard 9 x 6” (23 x 15-cm) full-ATR
compatible pc cards. A half-aTr
chassis with side ventilation houses
either six cards or four cards and
a power supply (28-Vdc or 115/220-
Vac versions). Meeting MIL-E-5400,
-16400, and -4158 requirements, the
cards use NAF1 style fork and blade
connectors which withstand vibration
levels as high as 20 g without in-
termittent connection. Each is unique-
ly keyed and may be blind mated.

Ruggedized module boards for harsh
applications include 1/0, memory, tape
recorder and controller, arithmetic, and
ADC that fit into EMM/SESCO’s chassis
with SECS 80/10A CPU card to form
SECS 80 system
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Integral heatsink and stiffening bars
offer structural strength and thermal
conduction efficiency. All microcir-
cuits have been processed to MIL-STD-
883 Level B. Operating temperature
is —55 to 85 °C.

The 80/116 single-board rRam has
4k x 1 static devices, resulting in a
16k x 8-bit capacity. Starting ad-
dress for 16k contiguous addresses
is jumper selectable. R/w data
buffers are included, and all data,
address, and command signals on
the bus are TTL compatible. Cycle
time is 450 ns and access time is
385 ns.

The EProM-p/ROM offers optional
versions of 2k, 4k, 8k, 16k, and 32k.
Addresses are jumper selectable for
each 8k block. Programming is han-
dled under software control from
the secs 80 bus. Both types of mem-
ory expansion are through direct
secs 80 bus interface.

The interface between the MiL-
sTD-1553 bus structure and that of
the secs 80 bus is handled by the
80/1553 bus interface. A microvoro-
grammed controller, ALu and associ-
ated registers, control file, secs 80
port, and two independent 1553 bus
ports comprise the first section of the
card. The second part is a memory
port which allows the interface to
appear as an 1/0 port with inde-
pendent pMaA capability. The final
section contains two 1553 bus inter-
faces each consisting of an 8-bit
shift register, Manchester encoder/
decoder, and transmitter/receiver.
The interface acts as a remote termi-
nal or as a bus controller.

Up to four sers-1 tape recorder
units are directly interfaced and con-
trolled by the Tcl. It provides Man-
chester data encoding and decoding,
preamble and postamble, and crc
generation and checking. Data trans-
fer rate is 48k bits/s using phase
encoding. EMM/sEsco, 20630 Plum-
mer St, Chatsworth, ca 91311, has
also included three 16-bit registers
for command status and 1/0 register
data.

Three other modules round out
the system. The 519 programmable
1/0 expansion board has 72 program-
mable 1/0 lines with jumper select-
able 1/0 port address and interval
timer. Intel's 8259 programmable
interrupt controller (pic) provides
vectoring for eight interrupt levels.

Algebraic, trigonometric, inverse
trig, and logarithmic functions are
provided by the aul board, with
single-precision (16-bit) fixed point
format, double-precision (32-bit)
fixed point format, or 32-bit floating
point format. A 16-bit counter moni-

tors the Advanced Micro Devices
AM9511 arithmetic processing unit.
An option generates system inter-
rupts 4, 5, 6, or 7 at the end of
an operation.

Last, the A-p converter, a complete
analog 1/0 subsystem, provides 16
single-ended input channels in its
data acquisition section, along with
sample/hold, programmable gain,
and instrumentation amplifiers, and
a 12-bit Apc. Analog output capabil-
ity is possible with two optional 12-
bit pacs and two optional 4- to 20-mA
current outputs.

Circle 418 on Inquiry Card

Microcomputer Speaks
With Help of Peripheral
Card and Software

Verbal operator prompting or warn-
ings are an added dimension to com-
puter programs, made possible with
the SuperTalker peripheral system.
The card from Mountain Hardware,
Inc, 300 Harvey W Blvd, Santa Cruz,
ca 95060, plugs into the peripheral
slot on the Apple 1 microcomputer
to output high quality human speech
through a loud speaker (or a pa or
stereo system) under program con-
trol. It is particularly useful in con-
trol or monitoring applications.

The board’s electronic circuits con-
vert the analog microphone signals
into a digital pattern that is stored
in RaM; these stored speech data are
manipulated like any other stored
data. The board also accepts the
digital patterns and transforms them
back into audible signals through
the loudspeaker.

The SuperTalker disc operating
system allows output of human
speech under program control with
direct 1/0 routines. It also provides
a preparation program for creation
of voice files on diskette. The BasiC
routines require only 1-line state-
ments to output a word or phrase;

the routines also support cassette
storage.

Specifically, the operating system
and editor package—ves (Vocal

Preparation System)—allows the user
to develop a phrase diskette which
may contain many tables of phrases
(the basic data element accessible
by the peripheral). Each table can
contain several words, phrases, or
whole sentences. Up to 47 phrase
tables can be held on each diskette;
454 sectors on the diskette are avail-
able for the phrase tables.

The ves is structured with three
main levels. The main command level
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Why is the Digilec 3000
already the most popular
data acquisition system in the world?

3000

The Datalogger 3000 puts more power in your hands than
any other datalogger.

MORE DATA ACQUISITION. The 3000 handles the widest
variety of inputs: ac and dc voltages, ac and dc currents, re-
sistances, all thermocouples, RTD’s, thermistors, digital and
contact closures — all standard.

MORE COMPUTATION.
The 3000 opens up the
power of mathematical
computation. It can de-
termine an Average,
Difference, Deviation
from a Mean, extract
Square-Roots and more. e

You can easily convert to :_‘PQ.P-F
engineering units with 30 | & T T 17T
programmable offset and

scale factors. That’s 900 different m x + b equations. Two
unique tables feature the exclusive “U-PLOT” function (User-
Programmable Linearization Tables). This powerful feature
provides linearization for any transducer or transmitter.

MORE DECISIONS. The 3000 offers 100 programmable set-
ints for alarm detection. You can assign up to 4 different
imits, with priority levels, to each channel for “High,” “Low,”
or “Equal to” decisions. You can Alarm on rate of change or
alarm transition. Ten standard Alarm Relays provide outputs
for annunciation and control. And, only DigiTec Dataloggers

visually spell out alarm messages on a built-in CRT.
Behind all these standard features is 32K of memory. That’s
enough power to support a system of up to 1000 points.

Ji]

PR R
T

DISPLAY READINGS

Sy
T

INPUT VALUE

The Datalogger 3000 . .. more powerful than any other datalogger.

For a free brochure or “hands-on” demonstration,
just call collect, (513) 254-6251

Seeusat US> D

Booth No. 916
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The Datalogger 3000 is as easy to use as it is powerful.
All communication is in everyday English. We spent man-
years developing programming innovations so you can
program your system in minutes.

PROGRAM PROMPTING. A
built-in CRT display provides
prompting to guide you
through each step of your
program. The Datalogger
asks you simple questions in

AUTO PROGRAM MODE

SELECTED CHAN

000, 016-015

SELECT ONE

FUNCTION

1 MILLIVOLTS DC
OHMS

2
3
4
s

RTD
THERMOCOUPLE
BCD

plain English and supplies
multiple-choice answers. This interactive prompting

assures quick and accurate program entry. Programming

is further simplified by utilization of conventional data
acquisition terms, no need for complex, computer languages.

CASSETTE LIBRARY. Once your program requirements
have been defined, they can be saved on the built-in cassette.
This lets you create a library of application tapes. Simply drop
in a cassette and the Datalogger will completely program
itself. Changing programs, therefore, is as easy as changing
cassettes. The same cassette deck can be used to record
measured data for future reference.

COMPLETE COMMUNICATION. The built-in CRT provides
more information than possible with conventional datalogger
displays. You can see 18 channels of system information at a
single glance. For hard copy, a standard, built-in alphanumeric
printer quietly records data. To communicate with peripheral
devices, the 3000 offers the widest variety of interfaces. ASCII
outputs, both serial and parallel, relay outputs, external condi-
tion input, and composite video output are all standard.

The Datalogger 3000. . . easier to use than any other datalogger.

UNITED
Digﬁ'ec@ SYSTEMS
CORPORATION

918 Woodley Road, Dayton, Ohio 45403
(513) 254-6251, TWX (810) 459-1728
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affects whole phrase tables. At this
first level, the user enters the con-
figuration and confirmation mode,
verifying the number of disc drives,
the slots in which the controllers
are located, and the drive numbers.
Commands are included to delete,
edit, initialize, list, and output phrases.

The second level is the Edit Com-
mand level, entered from the first
level. Basically the same as the main
level, these commands affect only
one phrase table and those phrases
within it. The bottom level—voice
creation—is entered from the previ-
ous level. The user types a character
string (up to 40 characters long) and
then records the vocal phrases for
the current phrase table.

In addition to software control of
record and playback modes, the user
may select the digitizing rate—512,
1024, 2048, and 4096 bytes/s of
speech—and the playback volume—
four software selectable levels. The
higher the digitizing rate, the better
the quality; the most useful rates are
2k and 4k/s. Frequency response is
filtered to 300- to 3000-Hz human
voice range for clarity.

The $279 peripheral consists of the
card, microphone, loudspeaker, soft-
ware, and two readv to run pro-
grams—Accent, a talking language
translator, and Talking Color Math,
A 50-s realtime speech output can
be stored at a 2k-byte rate on one
Apvle 1 diskette. A 2-W audio am-
plifier is contained onboard to drive
the speaker.

Circle 419 on Inquiry Card

Design Method Integrates
LSI-11/2 uyComputer With
IEEE/CAMAC Standard

Packaging of Digital Equipment
Corp’s 16-bit rs1-11/2 microcomputer
on a single-width camac (computer
automated measurement and con-
trol) board, allows the computer to
be integrated into the mik-11/2 sys-
tem, which serves either as a stand-
alone unit or as an auxiliary unit.
The other elements—an asynchro-
nous serial port for rs-232-C or 20-mA
loop interfacing (functionally iden-
tical to pEC’s standard serial port),
a controller that interfaces the com-
puter bus and camac Dataway, 16k-
to 32k-word raM with automatic
refresh, and a 256-word rom with
Dataway, memory, and register diag-
nostics—are compatible with the exist-
ing Mik-11 bus. Software support
includes mrr-11 and msx-11 operating
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systems, BASIC, FORTRAN, APL, FOCAL,
and MAcRo 11, as well as other ppp-11
compatible software.

Characteristic of the Dataway in-
terface is that it is mapped into a
segment of Unibus address space,
making it transparent to the wrsi-11.
Each subaddress and station number
is assigned an rst bus word address;
thus for 16-bit transfers, the full
power of the microcomputer’s 400-
instruction set is brought directly to
the Dataway. Control status register
and high data register contain all
information relevant to a Dataway
cycle. Both registers are readable
and writable from the computer.

Standard Engineering Corp, 44800
Industrial Dr, Fremont, ca 94538,
expands the capabilities of the wLsI-
11/2 by adapting it to process con-

trol, data acquisition, distributed
processing, and computer networks.
Combination of several satellite
crate controllers with a larger host
cpu offers one powerful configura-
tion.

Selection of various options alter
the system with the addition of a
16k- or 32k-word ram with internal
refresh and 256-word bootstrap
p/RoM, 4k EPROM with onboard pro-
gramming capability, 8k dual port
static memory for sharing of a mem-
ory block by two processors, and
dual floppy discs and interface. In
addition, there are add-on asynchro-
nous and synchronous serial communi-
cation port modules and a peripheral
interfacing adapter board for all
Ls1-11/2 compatible devices.

Circle 420 on Inquiry Card

HOST

PARALLEL LINK COMPUTER

PDP-11
SERIES

FRONT END
PROCESSOR

ASP-11

ASP-11
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DPM-11

RAM-11/32
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e TOOTHER
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EPROM 11/4
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system include ADCs,
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FIELD WIRING

| | TERMINAL STRIPS
I

CAMAC interfaced computer system is designed by Standard
Engineering around DEC’s LSI-11/2 CPU board. Standalone
CAMAC crates with high speed data acquisition and software
development capability are offered; distributed processing and
computer networks can also be configured. Options which may
be attached to satellite computers in typical process control
DACs,
asynchronous serial communication port, various memories, multi-
plexers, and solid state relays

16-bit

isolated input register,
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THE ADVANCED CIRCUITRY BACKPANEL:

It's hard to improve ona
99.93% quality record and
+ 007 A pm tip location-
but we're working on it.

In the three years we've been in
the printed circuit backpanel busi-
ness, we've set some pretty high
standards for ourselves and for the
industry — like a 99.93% quality
record. (We've never had a single
backpanel system returned be-
cause of printed circuit or assembly
problems.) That's our record — and
we're doing everything we can to
protect it.

In pin straightening, our state of
the art equipment permits us to hold
the tightest pin tip tolerance in the
industry today: £.007" (pln tip loca-
tion to datum). And we're gradually
imBroving on that.

nlike some others, Advanced
Circuitry retains total respon-
sibility for every step of
the manufacture — from
single-, double-, or
multi-layer board
construction to
automated
loading

TOTAL CAPABILITY
Backpanels
Multilayers

Print and Etch

Conventional and Semi+™ Plated-Thru- Hole ™

of square peg or conformal fitting
pins. In-house control of critical
parameters, such as plating density
and hole size, assures optimum
push-out and electrical interface
characteristics. On-premises elec-
trical testing is the final step toward
a 100% reliable assembly.

As an additional service, for non-
standard pin or hardware assem-
blies, Advanced Circuitry has de-
signed and tooled a fully automatic
loose-piece hardware inserter. Talk
with us about any special require-
ments you may have in this area.
From prototypes to high-volume
runs, our seasoned design en-
gineers can give you technical
assistance.

Call us to quote your next job.
If you find our 99.93% quality rate
just a little hard to believe,
we'd like to prove it

to you. Call us.

ADVANCED CIRCUITRY

The State of the Art Company

4811 West Kearney
Springfield, Missouri 65803
417 862-0751

TWX 910-775-4705
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COMPUTERS, ELEMENTS, AND SYSTEMS

Selections of Add-On
Cards Range From Memory
To Math To Controllers

Additions to the Mp Series™ of oEM
microcomputer boards are all sTD-
Z80 Bus compatible (see Computer
Design, April 79, p 148). Joint design
of the bus by Mostek Corp, 1215 W
Crosby Rd, Carrollton, Tx 75006,
and Pro-Log uses the Z80 cpu, pro-
ducing a cost-effective OEM micro-
computer system bus that supports
the Mode 2 interrupt structure. The
motherboard interconnect system con-
cept handles any mMpx card in any
card slot. The 4.5 x 6.5” (114 x
16.5-cm) board size allows system
partitioning by function and also
makes system packaging easier. In
general, the boards require only a
single 5-V power supply. Most will
also be offered in 4-MHz versions
as well as 2 MHz.

MDX-SRAM cards are available in
4k, 8k, or 16k x 8 sizes. They use
the company’s Mx4118 static RAMs

with selectable starting address on
4k boundaries. Another memory card,
MDX-EPROM-4, contains eight sockets
for maximum storage of 8k x 8 using
2758s (1lk x 8), 16k x 8 using 2716s
(2k x 8), and 32k x 8 using 2732s
(4k x 8). Wait-state generate cir-
cuitry is included for 4-MHz opera-
tion. A universal memory card has
eight sockets for use with Mx4118
(Ik x 8) and Mx4802 (2k x 8)
static rRams, Mx2758 (1lk x 8) and
Mx2716 (2k x 8) EProms, and
Mk30000 (lk x 8) and Mx34000
(2k x 8) mroms. There are 16 mem-
ory configurations with 4k boundary
addressing and selectable wait-state
for each socket. It can run at 2.5
and 4 MHz.

An AMmp 9511 math chip and an
onboard Mx3881 rpio chip perform
the Mpx-MATH card’s data transfer
and interrupt handling. Add, multi-
ply, divide, subtract, trig and inverse
trig functions, square roots, loga-
rithms, exponentiation, and fixed and
floating point operations are among
the math functions performed. Also

From Frame to CRT...

we've built Linear and Constant
Voltage Transformers - U.L. and C.S.A.
Listed - and for use in equipment
conforming to these international specs:

|IEC-380; IEC-435; VDE-0730; VDE-0804
What can we do for you?

Just give us a call

618-654-2341

Nationwide Reps

Basler Electric

- Highland, lllinois
BOX 269 HIGHLAND, ILLINOIS 62249 TWX 910-996-2522
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contained onboard are a 2-MHz crys-
tal controlled clock for asynchronous
operation and wait-state insertion.

Containing a wpl771 controller
chip and Mx3883 pma controller,
MDX-FLP controls one to four drives
with four software controlled select
times. Drives may be 5 or 8" (13
or 20 cm), single- or dual-sided.
However, all drives connected to the
controller must be of the same type.
It is compatible with 1BM 3740 or
other formats. Features include single-
density operation, soft sector format
with variable length sectors, auto-
matic track seek with verification
capability, diskette initialization /for-
matting capability, pmaA or pro-
grammed data transfer, and inter-
rupt driven or polled operation. It
performs single-sector, multi-sector,
or full-track data transfers. There
are provisions for pma daisy chain
operation.

An operator interface with con-
trol switches and display readouts
onboard, and a pushbutton for sys-
tem reset comprise the system con-
troller /diagnostic module. An on-
board chip handles data transfer
and interrupts. Space is available for
up to 10k of EPrOM or roM, with
memory address selectable on a 2k
boundary within a given 16k bound-
ary of the Z80 memory map. Soft-
ware packages for the mpx-sc/p in-
clude monitor, handler, and diagnos-
tic test for the Mp series boards.

Offering 16 single-ended or eight
differential input channels and two
8-bit analog output channels, the
MDpx-A/D analog 1/0 subsystem has
1/0 ranges from 0 to 10, =5, and
+10 V. It features input overvoltage
protection to 35 V and a sample/
hold amplifier for inputs. There is
a single onboard precision reference
circuit for the analog outputs, on-
board dc-de converter, and memory
mapoed 1/0.

The final module—an A-p card—
uses the Mk5160 A-p chip and an
onboard Mx3881 pio for data trans-
fer and interrunt handling. MDx
A/p8 has 16 multiplexed single-ended
analog inputs and an 8-bit binary
output; a sample/hold module is
ootional. Conversion time is 140 us.
Three full-scale input ranges are
from O to 1, 0 to 3, and 0 to 5 V.
Accuracy is to =% rsB with no ad-
justments required and no missing
codes. Provisions allow additional
channel expansion.

Circle 421 on Inquiry Card
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EMM Wins the Megabyte Memory Race
with higher speed and lower maintenance than
rotating disks and drums.

A Real Thoroughbred

Our tough EMM/SESCO inspector has a real winner in
our Megabyte Memory, which, for fast throughput and low
maintenance, beats rotating disks and drums hands down!

A real thoroughbred, Megabyte gives you one million 8-bit
bytes of dependable, non-volatile core storage on a single
pluggable module. As an entry, a 4-megabyte system,
including interface, takes up only 17.5 inches of chassis space.

A New Track Record

This all-electronic mass memory is orders of magnitude
faster than disks and drums. And by interleaving Megabyte
memories, a data transfer rate of greater than 16 million bits
per second can be achieved.

Eff sesco

A Subsidiary of Electronic Memories & Magnetics Corporation

20630 Plummer Street + PO. Box 668 + Chatsworth, California 91311
Telephone: (213) 998-9090 - Telex: 69-1404

Speed AND Dependability

Maintenance on disks and drums is complicated and
expensive. With our megabyte core memory, however, service
downtime is virtually eliminated since there are no moving
parts to wear out. And if maintenance is ever needed, our
modular design makes it simple. This all adds up to higher
system performance at a lower total life cycle cost.

Plenty of Memories

There are plenty of memories in store for you at EMM/
SESCO. Up to 256K bytes of semiconductor memory on a
single card for the commercial user. A complete line of rugged-
ized memories for military and industrial
applications. Even a ruggedized
version of Intel’s popular iISBC*
80/10A microcomputer. And a
severe environment version of
Megabyte is in development.

So when you're looking for
winning memories... Buy
SESCO... they work!

*Trademark of Intel Corporation
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User Convenience
Is Key to Nondedicated
Development System

Supporting four realtime emulators
—the 8080, 8085, Z80, and 1802
(with others under development),
the 1cc/Mcs microprocessor develop-
ment system is a universal low cost
solution for users requiring addi-
tional in-circuit emulation stations.
Designed with a dual-processor archi-
tecture, the system has inherent 16-
bit capability. Expansion plans cover
high level debug software, relocat-
ing macro assembler, and linking
loader.

Both tape and disc based operat-
ing systems, complete with a free
form crr oriented editor, assembler,
and monitor, are available. A Z80
based Basic compiler is optional.
The debugging monitor provides full
register and selected memory region
display, plus extended commands
structure comprised of set/clear/
display/execute on breakpoints, read/
write object program, enable/dis-
able user 1/0, single step, enable/
display high speed trace memory,
and transfer memory contents. Also
included are the pos command set
and text editor commands. Digital
Research Corp’s cp/M™ operating
system allows the Mcs to be used
not only as a development system,
but also as a business, scientific, and
data processing system.

The in-circuit debugger, mcs 1cp™,
features a multiple architecture to
support several microprocessors; there-
fore, the system cpu does not have
to be converted from one object cpu
to another. The debugger provides
debug, test, display, and control
capabilities.

MicroCommand System uses a Z80
processor for its internal logic; it
provides an 8-level vector interrupt
capability, as well as 16k to 64k of
static Ram. The 512-byte load only
ROM contains the bootstrap loader. A
40 x 24-char display crT operates
through pma for fast display up-
dates. Other components are a built-
in asci keyboard, either dual 5”
(13-cm) quad-density or dual 8”
(20-cm) double-density floppy disc
system, parallel and serial Rrs-232
output ports, EPROM programmer,

USER CPU
USER 1CD ICD RAM
SYSTEM PLUG | IN-CIRCUIT (TO 64k)
cPy DEBUGGER
SOCKET
ROM
BOOTSTRAP
LOADER
CPU RAM
(280) (16k)
SYSTEM BUS
1/0 PORTS
CONTROLLER
DUAL
DISC DIRECT
KEYBOARD
RoHEL STORAGE MEMORY
1/0 ACCESS
PORT
SOFTWARE CRY
ASSEMBLER EDITOR  MONITOR
PROGRAM  PROGRAM PROGRAM
BASIC SYSTEM
OPTIONS
PROGR CASSETTE
PROGRAM
FRINIER STORAGE
Tape and disc based versions of TecMa’'s MicroCommand System provide
universal development system, complete with software, configured to indi-
vidual needs. Emulators support 8080, 8085, Z80, and 1802 microprocessors

and optional dual cassette storage
units.

TecMa, Inc, 2366 Walsh Ave, Santa
Clara, ca 95051, has introduced three
configurations. The dual cassette
tape system, priced at $4995, has
the capability of disc based systems,
but at slower speeds. Data transfer
rate is 2000 bits/s. This is suited to
uses requiring limited software de-

velopment, but much debug and
emulation, such as testing and pro-
duct checkout. The two disc based
systems start at $8450. Quad-density
discs provide 315k Dbytes/diskette
and a data transfer rate of 250k
bits/s. The double-density discs offer
512k-byte diskettes with a data trans-
fer rate of 500k bits /s.

Circle 425 on Inquiry Card
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4-Channel Systems For
uComputers Convert
Inputs to Analog Outputs

The mp1104 analog output periph-
eral board, electrically and mechan-
ically compatible with Digital Equip-
ment Corp’s Q-Bus, accepts 12-bit

Output ranges are strap select-
able -at =10, 0 to 10, =5, 0 to 5,
and =25 V at 5 mA. Output im-
pedance is 0.01 Q. Short circuit pro-
tection is included. Operating tem-
perature is 0 to 70 °C and storage
temperature is —25 to 85 °C. Addi-
tional specs are a tempco of ac-
curacy drift of =30 ppm of Fsr/°C,

Burr-Brown Research Corp, Inter-
national Airport Industrial Pk, po
Box 11400, Tucson, Az 85734, has
designed the system so that each p-a
converter output may be filtered by
adding an onboard feedback capaci-
tor to each output op amp. This filter-
ing may be used to smooth the out-
put by limiting its bandwidth. The

ADDRESS SELECT
NTROL
cons AND CONTROL
LoGIC

o
DATA BUS ~DATA/ADI

H Q-BUS
ImMNC®

5 Vdc O—
DC-DC CONVERTER
GND O——

/,
7
A/ADDRESS
r%/é ouT” %

§ STROBE
L
A —O OUTO0
AT D-A CONVERTER
I ﬁ DACO |—o GNDO
STROBE 3
i Four DACs with address de-
A AR [—oouTt coding and control logic com-
¢ ""‘;A'::"‘ | oenpi Prise Burr-Brown’s microcom-
e < puter analog output system
STROBE that interfaces to DEC’s Q-Bus.
i Each DAC is wirewrap jump-
A —oout2 +10. H :
e o e’red for =10-V operation with
c | oGND2 2’s complement coding. Jump-
H DAC2
ers onboard can be altered,
STROBE however, for other output volt-
L ages and coding
A —o OUT3
¥ D-A CONVERTER
¢ DACS —o GND3

inputs from the data bus and con-
verts them to analog outputs with
an accuracy of =0.025% rsr. Con-
sisting of four 12-bit p-A converters
plus address decoding and control
logic, the system plugs into any
empty slot in the wns-11, -11/2,
-11,/23, pop-11/03, and -11/23 micro-
computers and simply requires wir-
ing of the analog connector. Mini-
mum card spacing is 12.7 mm. An
onboard dec-dec converter is included
for operation from the computer’s
5-Vdc supply.

and output settling time for a full-
scale change of less than 10 pus.
Burning in at 70 °C for 48 h im-
proves reliability.

On system initialization (reset)
all p-ao converter inputs are set to
logic 0. With 2’s complement cod-
ing on a bipolar range or straight
binary coding on a unipolar range,
the outputs go to 0 V. Both static
and dynamic checks can' be per-
formed on the analog outputs. These
outputs can be calibrated using the
Ls1-11 and its monitor.

feedback capacitor is in parallel
with each »pAc’s internal feedback
resistor.

The board is programmed as mem-
ory locations and any write instruc-
tion can be used. The pAc input oc-
cupies the 12 rLsBs of a word. The
address block is user selectable and
can be placed anywhere in the
upper 4k of memory. The base ad-
dress of a board can be set to any
4-word boundary by jumpering (with
wirewrap jumpers) its address se-
lector. Circle 426 on Inquiry Card

Asynchronous Receiver/
Transmitter Offers
Two Full-Duplex Channels

Performing asynchronous serial data
communications functions in micro-
computer systems, the Z80 pDART
peripheral component has two inde-
pendent full-duplex channels with
separate modem controls. Quadruply
buffered receiver data registers,
doubly buffered transmitter, pro-

164

grammable interrupt vector, “status
affects vector” mode for fast inter-
rupt processing, and standard Z80
peripheral daisy chain interrupt
structure for automatic vectoring
without external logic are all fea-
tured.

The dual asynchronous receiver/
transmitter in 40-pin plastic or ce-
ramic prp can be used as a serial
to parallel, parallel to serial con-
verter/controller. Data rates are 0
to 500k bits/s with a 2.5-MHz clock

or 0 to 800k bits/s with a 4.0-MHz
clock. Break generation and detec-
tion include parity, overrun, and
framing error detection.

Zilog, Inc, 10340 Bubb Rd, Cuper-
tino, ca 95014, offers programmable
options of 1, 1%, or 2 stop bits and
odd, even, or no parity. Clocks may
be 1, 16, 32, and 64 times the data
rate in asynchronous modes. Tem-
perature ranges are standard, ex-
tended, or Mil Spec.

Circle 427 on Inquiry Card
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A lot of complex thinking goes into And it can perform them in a cabinet, if you need one. And our

the Teletype* model 40 printer. fraction of the time with a fraction of  technical assistance is never extra.
And, incredibly, it all fits on this 9” by the parts. Plus, fewer moving parts So for not much money, the brains
19” circuit card. means less maintenance and behind our operation can become the
Mcs hraiie: Jovs hraw. increased printer life. brains behind yours.
That's the advantage of an All you have to do is plug it in. rm‘
electronic printer like our 300 LPM Just attach the AC power and a ®
model 40 series. The LSI (Large Scale serial signal source and your model Teletype Corporation
Integration) circuitry tucked 40 is ready to go to work. There are 5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076.

underneath the printer can perform 32 switch-selectable options and bcisins i indiiing

functions with greater reliability than  self-diagnostics available at no ad-
mechanical hardware. ditional cost. Housed in an attractive

——

" II”"’ >

*Teletype is a trademark
CIRCLE 18 ON INQUIRY CARD and service mark of the Teletype Corporation.
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|SOFTWARE|

Program Recovers
And Salvages Files
From Diskettes

Data files can be salvaged from a
diskette on which the directory has
been partially or totally destroyed,

or recovered if mistakenly deleted
using the automatic SALVAG 1s1s-11 disc
utility program. The utility extensive-
ly analyzes any remnants of the di-
rectory. For any valid entries, the
associated files are copied to a desig-
nated object diskette.

The utility next searches the source
diskette sector by sector for data file
link blocks. Those that are found
are analyzed for validity, and at that
point the associated data file is copied
to the object diskette.

The user may optionally specify
that files with an active directory
entry be skipped. This is used when
recovering files that were accidentally

Mini-printers

The 500 series
from C. Itoh
contains some of
the most reliable £
40-column, dot ¥
matrix impact
prmt mechan-
isms currently ava
to the indus-
try. They
should cost a
lot more, of course.
But since they’re from

the Model 512 40-column journal prmter,
two-stage 18-column journal and 18-column
logo stamp; and the Model 542 40-column
slip printer. All with a head life of 100

don’t. There's
the Model 522

receipt with
flatbed ticket or
million characters,

and a mechanism MCBF of five million lines;

all bi-directional with a print speed of 152 CPS.
And, of course, all from C.Itoh, the name to

trust in printers of any size. Detailed specifica-

wonders.

tions on any or all three are yours

for the asking. Write to us.

<3 C. Itoh Electronics, Inc.

C. Itoh
means excellence

in printers. East Coast

5301 Beethoven Street, Los Angeles, CA 90066
Call: (213) 390-7778 « Telex: WU 65-2451

280 Park Avenue, New York, NY 10017
Call: (212) 682-0420 « Telex: WU 12-5059

C. Itoh Electronics is part of the C. Itoh & Co. Ltd. world-wide trading organization.
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deleted. If the specified source and
object drives are the same drive, the
utility pauses to allow diskette swap-
ping. Thus, the program from Xener
Corp, 6641 Backlick Rd, Springfield,
vA 22150, can be used on systems
with a single disc drive.

Circle 428 on Inquiry Card

Dual In-Circuit Emulators
Debug Systems That Have
Multiple Microcomputers

To alleviate the problems of multi-
processor development which previ-
ously required two development sys-
tems, each with its own in-circuit
emulator, Intel Corp, 3065 Bowers
Ave, Santa Clara, ca 95051, has an-
nounced a software package that
allows a single Intellec® Microcom-
puter Development System to con-
trol operations of two in-circuit em-
ulators. The coordinated 1CE™ units
debug most multiple microcomputer
based processing and control systems.

This single-system Multi-ice ap-
proach allows the user to enter com-
mands for both emulators on one
console and to record a coordinated
set of trace information (up to 1022
microprocessor  operating  cycles),
thus determining if related programs
will mesh in realtime execution and
providing an overview of multipro-
cessor operations. The seven types
of microprocessors that are presently
supported are 8085 crus, 8748, 8049,
8048, 8039, 8035, and 8021 single-
chip microcomputers.

The resident software option for
disc based Intellec model 800 and
Series 1 model 220 and 230 develop-
ment systems runs under the standard
sis-11 - diskette operating system. As
a software interface between the
user and the ICE units, it executes
a host process and two ICE processes.
The host process translates commands
from the console or diskette files
into execution lists for itself and the
two processes which then control the
1CE units. Users control the 1ce units
individually or in combination. A
dispatcher software subsystem pro-
vides overall coordination by de-
termining the sequence in which
tasks should be performed.

Software synchronization starts and
stops two in-circuit emulators. For
hardware synchronization, a sync
line also allows either ICE unit to
start or stop the other’s emulation.

The interactive command language
in plain English provides a common
syntax for using the ICE unmits. It
handles macro commands, symbolic
debugging, assembler mnemonic dis-
plays, and other debugging tech-
niques. O
Circle 429 on Inquiry Card
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When you need color graphics,
Ramtek has it all.

Color. A surprisingly powerful way to
add information, manage it, increase
the efficiency of its use. However
you plan to use it, there is only one
company with the breadth of line, the
technological mastery, to give you
the choices you need without com-
promise—or needless costs.

It's Ramtek. For color graphics. For
imaging. Ramtek has what you need:
The Ramtek 3000 Eight models let
you explore the
possibilities of
color graphics
the moment you
plug in your
application soft-
ware. Stand
alone image pro-
cessing and graphics. Fully integrated
and ready to go. Desk configuration.
The Ramtek 9000 Series Display
Controller. Four models. Total
modularity. Buy just what you need;
add to it at any time.The
high-performance family.

The industry standard in imaging and
graphics raster scan color.

The Ramtek 9050 Series Display
Controller. Four
models. The most
popular elements
of the 9000
Series are here
packaged for
economy. All

are software compatible with the
9000, have expandable memory and
interactive capabilities.

The Ramtek Colorgraphics Com-
2 -, puter Terminals.
7 \ Three models
let you choose
between econ-
omy, optimum
price-perform-
ance, or maxi-
mum resolution-performance. Easy

g

to program. Easy to use. Easy to
interface. Interfaces to the Xerox
6500 Color Graphic Printer for color
hard copy output. These are the price,
industry and performance leaders in
raster scan color graphics terminals.

The Ramtek Monitor Family.

Nine models. Up to 1024 line address-
ability on the screen in color or black
and white. CRT sizes 13" or 19!
Cabinet or rack mounted versions.

Ramtek Large Screen Projection.
Interface Ramtek's or your own large
screen projection unit easily, quickly.

And there's more to come. From
Ramtek, the world’s largest indepen-
dent manufacturer of raster scan
color graphics and imaging equipment.
Direct sales in the U.S. and Canada.
Distributors worldwide plus a world-
wide network of customer service
and depot repair stations.

For more information, write:
Ramtek, 585 N. Mary Ave.,
Sunnyvale, CA 94086.

ramtek

REGIONAL OFFICES Sunnyvale, CA [(408) 735-8400 « Newport Beach, CA (714) 979-6351 e Dallas, TX
(301) 656-0350 » Metropolitan N Y (201) 238-2090 « Boston. MA (617)862-7720 e Wast Germany (0611) 771070

Cleveland, OH (216) 464-4053 e Washington D C
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AROUND THE IC LOOP

VARIABLE MICROCYCLES IMPROVE SPEED
OF BIPOLAR BIT SLICE PROCESSORS

Hank Brineen

National Semiconductor Corporation
Santa Clara, California

A dvanced process and circuit technique improve-
ments have enabled the fabrication of bit slice designs
that promise dramatically increased system speeds over
earlier low power Schottky bit slice implementations.
Substantially increased throughputs (as much as 50
to 75%) are possible using various new approaches.
Among these are “pipeline prediction” techniques in
microprogram control, coupled with variable micro-
cycle timing.

Critical Timing Paths

To identify potential areas for speed improvement us-
ing high speed 2900 type bit slice components, it is
helpful to review the critical timing paths in a typical
bipolar microprogrammed processor. Consider first the
simple system organization shown in Fig 1. In this
system, the address register is clocked at the beginning
of the microcycle. When the microinstruction is valid
at the read only memory (roMm) output, two basic paths
must be considered.

One path consists of accessing data from the regis-
ters, propagating it through the arithmetic logic unit

168

Fig 1 Typical bipolar microprogrammed proces-
sor. Two paths are involved, one through registers
and ALU, and another through microprogram
sequence controller
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Sal Nuzzo: “Intel’s introduction of the microcomputer
revolutionized the computer terminal industry.
We were first to use a microcomputer in a terminal —
Intel’s 8008, years ago, and we've maintained a
price/performance edge over the years by quickly
taking advantage of Intel’s breakthroughs.

“This is a tough, competitive industry. Getting

a product to market first can make all

the difference. Any company that doesn't
move fast to take advantage of new
technology will simply get left behind.

So at Hazeltine, a key part of our strategy
is to work closely with technology leaders
—such as Intel. They introduced the
microcomputer, and have continued to
innovate with developments such as the
16-bit 8086 microcomputer. Taking advantage
of their new products has enabled us to con-
sistently give our customers higher performance
and greater reliability.

Circle No 88 for Information.

“The more

I competitive
' the video terminal
business gets, the

more Intel helps us
maintain leadership.”

Sal Nuzzo, President,
Hazeltine Corporation

“Intel makes it easy for us to apply their new
products. An example is the Intellec® development
system. Frankly, [ don't see how any company can
design a product that uses microcomputers without
a system such as the Intellec system. The Intellec
system features such as in-circuit emulation (ICE) and
PL/M programming language are essential time-
savers. With our Intellec systems we can convert our
existing programs for the 8080 microcomputer to
Intel’s new 16-bit microcomputer, the 8086, quickly,
and increase throughput ten times. That’s flexibility.”

Intel® microcomputer products and
development systems can make the
competitive difference for your company.
For more information, contact your

local Intel sales office or distributor, or
write Intel Corporation, Literature
Department, 3065 Bowers Avenue, Santa

Clara, CA 95051. 408/987-6475

Intel’s Intellec® Development System

intal delivers.
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(aLvu), and storing the result in a data register and
status register. The other path involves the test condi-
tion multiplexer and sequence controller. The timing
diagram (Fig 2) illustrates the relative timing for a
system such as this. In a typical system design, the
minimum microcycle period is limited by the delay path
through the registers and ALu (shown as “ALu results
may be clocked”).

An organization frequently referred to as “pipelined”
is illustrated in Fig 3. This nomenclature results from
the fact that while one microinstruction is being exe-
cuted, another is simultaneously being accessed. A micro-
program register is added to the output of the rom,
and the clock causes the next microinstruction to appear
at the output of this register. Output from the sequencer
is allowed to acccess the microprogram ®rom, fetching
the next microinstruction while data are propagating
through the registers and the aLu. This microinstruction
will be ready to place in the microprogram register
on the next clock. In this fashion, the access time of
the rRom overlaps the execution of the microinstruction
by the registers and the aLuv.

Pipeline Prediction

As shown in the timing diagram (Fig 4), the sequencer
output was valid early enough for the total access
time of the Rom to be overlapped. To satisfy this
condition, the test condition multiplexer inputs must
be valid at an early point in the microcycle. This re-
quirement is unfortunate, since it means that the test
conditions based on the result of ALU operations in the
current microcycle cannot be used.

An effective solution to this problem is the use of
pipeline prediction; that is, the system is designed so

CLOCK

VALID OUTPUT
FROM ADDR REG

MICROINSTRUCTION
VALID

TEXT CONDITION
MULTIPLEXER VALID

SEQUENCER
OUTPUT VALID

ALU RESULTS MAY
BE CLOCKED

I MINIMUM _ MICROCYCLE PERIOD .l

Fig 2 Timing diagram for processor of Fig 1. Mini-
mum possible microcycle period is established by ALU
path

CLOCK

Fig 3 Pipelined organization uti-
lizes microprogram register at ROM
output. Sequence controller is able
to access instruction n+1 while nth
instruction is being executed in
ALU path

k|
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Now you can have up to 8.0 megabytes of memory in a single B I'd like to learn more about BULK SEMI formy g
153" chassis to meet your disk emulation and main memory i : ]
requirements. i minicomputer. g

It's available today in BULK SEMI, from Dataram Corporation. 8 [ piease send more information (]
the people who pioneered BULK CORE. ! [ Please have a salesman contaét me l

And because Dataram designed BULK SEMI to be compatible [ | : ' I
with its popular BULK CORE modules, you can take advantage of B Name i
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BULK SEMI as main memory or in disk emulation systems for 1 Title Phone i
DEC®, Data General, or Interdata minis. 1 (]
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Controller board and up to 16 BULK SEMI Array boards. With ! 1
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O BULK CORE 0O BULK MINI i
. S N N N N N O N D B O S G e e . J

e 8L oo SO N\ DATARAM
A\ N ] corPoORATION
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MICRO CONTROL INTERVAL

PREDICTED
STATUS IN REGISTER
& OUTPUT VALID

TEST CONDITION
MUX VALID

MICRO SEQUENCER
OUTPUTS VALID

MICROPROGRAM
ROM OUTPUTS VALID

NEXT MICROWORD
SETUP IN REGISTER

| I
! I
l |
CURRENT

INSTRUCTION

MICROWORD
OUTPUT VALID

REG ALU INTERVAL

CLOCK I

«———BASED ON PREDICTED

CURRENT INSTRUCTION

ALU OUTPUT VALID

CURRENT INSTRUCTION <«*———— ACTUAL STATUS
STATUS SETUP CONDITION FOR

STATUS CONDITION

Fig 4 Timing diagram for pro-
cessor of Fig 3. If predicted
status matches ALU status, then
next microcycle may immediately
proceed. Otherwise new instruc-
tion word must be fetched

THIS CYCLE

that the sequencer logic is conditioned on the basis of
a predicted value for the test condition multiplexer
output, and the rRoMm is accessed on this assumption.
After the ALU result is scable and has propagated
through the test condition multiplexer, the predicted
value of the multiplexer output is compared with the
actual value of its output. If the predicted value is
correct, the next microinstruction in sequence (that is,
the one being accessed) is executed. On the other hand,
if the predicted value differs from the actual value,
the conditioning of the sequencer logic is modified cor-
respondingly, and the time duration of the microcycle
is extended to allow time for the modification to propa-
gate through the sequence controller logic and access
the roMm.

Since the microprogrammer can frequently predict
the results of test conditions with much better than
50% success frequency, a relatively small fraction of
the microcycles must be extended. For example, in a
microprogrammed multiply or divide algorithm, a loop
counter must be tested on each pass through the loop.
In a 16-bit machine, the test would typically be per-
formed 16 times, but the result could be accurately
predicted 15/16ths of the time.

172

Variable Microcycle Periods

As discussed previously, the delay through the registers
and ALu is typically the path that limits system per-
formance. The magnitude of this delay can vary con-
siderably depending on which microoperation is being
performed. Table 1 lists a variety of operations to-
gether with the microcycle period requirements for a
pipelined system. Note that the longest operation re-
quires about 75% more execution time than the shortest.
The most straightforward design approach is simply to
calculate the worst case time period and design the
clock generator circuit to provide that time for all
operations. However, it is evident that a speed improve-
ment could be obtained if the clock generator were
programmed to modify the microcycle time in accor-
dance with the requirements of the operation to be
performed.

System Performance Comparisons

It is helpful to look at numerical values obtained from
a design study of five system organizations utilizing bit
slice components such as the mmM2900 family from Na-
tional Semiconductor. By performing a similar analysis
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using specifications of available components, the de-
signer can make realistic decisions of cost versus per-
formance when choosing a system organization for a
new design.

System 1 is a nonpipelined organization and test con-
ditions are based on results of operations performed
on the previous microcycle. A fixed microcycle period
of 225 ns is used, necessitated by the multiply instruc-
tion (Fig 1).

Pipelined system organization (Fig 3) defines System
2. Test conditions are based upon results of previous
microcycles and a fixed microcycle time of 172 ns is
used. The pipelined organization allows the microcycle
period to be reduced to 48 ns less than the cycle
time for System 1.

System 3 is the same as System 2 except that test
conditions based on results of the current microcycle
are used and the technique of predicting test condition
results is utilized. The microcycle period is fixed at
172 ns; the time necessary for the result of the current
operation to propagate through the test condition multi-
plexer and determine whether an extended cycle is
needed. An extended cycle adds 86 ns, one-half micro-
cycle, to the normal microcycle period.

The configuration of System 4 is the same as that
of System 2 except that a variable microcycle period
is used. Test conditions are based on the results from
the current microcycle; however, no prediction of test
conditions with an extended cycle for incorrect pre-
diction is performed. Instead, those microinstructions
which require more time to allow for propagation of
the result through the test condition multiplexer and
sequence controller are simply programmed to be of
longer duration. Microcycle periods of either 103, 137,
172, or 206 ns could be used depending on the needs
of each microinstruction. Although this approach may
require more microcode locations, it does offer even

greater flexibility in tailoring the microcycle period to
the needs of the operation being performed.

System 5 combines the techniques used in Systems 3
and 4. Variable length microcycles ean be used. The

technique of predicting test condition results is used,
and, when the cycle is extended due to an incorrect
prediction, an additional 86 ns is added.

Table 2 shows instructions typically used in a mini-
computer that is configured in one of the previous
system organizations. Execution times specified in Table
2 for each instruction type are derived by using the
execution time of System 1 as a baseline reference.




TABLE 3

Relative Instruction Execution Rate
With Various System Organizations

Instruction Type

LD, : Loop for

System Organization JMP, ST JSR BOC  ADD MOVE

System 1: Nonpipelmed test 1.0 1.0 1.0 or 1.0 1.0

condition from previous micro- 1.0

cycle

System 2: Pipelined, no prgdic- 1.34 134 1840or 104 : 134

tion, test condition from previous 1.34

microcycle ' ‘ v

System 3: Pipelined with predic- 1.34 1.34 1.64 or 1.34 1.34

tion, test condition from current . ~ 1.57

microcycle

System 4: Pipelined, no predic- 1.91 167 ‘191 aor 1867 1.49

tion, variable length microcycle, 1.85

test condition from current micro-

cycle

System 5: Pipelined with predic- 1.91 180 = 2.986r 1 167 1.67

tion and variable microcycle length . 2.09
The relative execution speed for each of the five systems variable microcycle approach may be shortlived, due to
can best be appreciated by examining the data in Table the increasing speed of bit slice components. As the
3, a transformed version of Table 2 that shows relative microcycle interval becomes shorter and shorter—from
instruction execution rate with various system organiza- 100 ns down to 65 or 70 ns for a simple add, and
tions normalized to System 1. from 125 ns down to 75 or 80 ns for an add and

shift—the advantages of the variable microcycle ap-
proach are severely diminished. There are alternatives
Popular as it has been with many system designers available, however, and these are to be discussed in
using bit slice architecture, the wusefulness of the a later column.

Variable Microcycle Potential