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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 12510125 ips, any two
speeds.

e NRZ qnd PE formats.

Universal Disc Controllers

e Software compatible for
PDP-11 & NOVA.

e Embedded design.

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

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

*trade name ot Digital Ec ' ; nt Corp
**trade r of Data G al (mp



We take calls from Venus...

=i “oided WTIRRT

and Mars, Sweden, Switzerland, Norway, Brazil, Great Britain...

and virtually every other country on Earth. Kennedy
Company and its digital tape products were pioneers in such
demanding applications as telephone toll-ticketing, usage
analysis, message switching control and electronic
switching systems.

These years of reliable operation are one of the reasons
NASA installations throughout the world utilize Kennedy
tape recorders to telemetrically record and digitally
reproduce such significant data and photographs from the
Viking, Pioneer and Voyager probes of Mars, Venus and
Jupiter.

Whether recording your call to a friend in Europe, or
displaying the wonder and beauty of outer space, Kennedy
digital tape transports can be relied upon.

Photo courtesy of NASA and
Jet Propulsion Laboratory, Pasadena, CA

KENNEDY

Subsidiary, Magnetics & Electronics Ine

1600 Shamrock Ave . Monrovia, CA. 91016
(213) 357-8831 TWX 910-585-3249

CIRCLE 2 ON INQUIRY CARD

KENNEDY +* QUALITY s COUNT ON IT




Yes, Tally is the best teleprinter!
Ask anyoperator that uses one!

Once you get your hands on a Tally 1200 Baud Printer attachment for handling and formating individual cut

Terminal, you'll know the difference. Tally teleprinter forms such as statements and invoices.

operators give testimony to quieter operation, better Operator conveniences like easy paper loading,

key action, the better heft and feel of overall construc- easy snap-in ribbon replacement, always consistent

tion. The operator efficiencies like downstream loading and pleasing print quality, six different type sizes, lots

or keyboard programming, logging on as a CRT, true of forms control features.

1200 Baud throughput, an easy to see LED column/ The Tally T-1612is available in KSR or RO models.

line readout. The unit can be tabletop or stand mounted. Service
And options like the Tally quick tear attachment worldwide. See your local Tally dealer or send for

that allows fast and easy forms removal immedi- our brochure.

ately after printing. Or, the auto front feed Tally Corporation, 8301 S. 180th St., Kent,

WA 98031. Phone (206) 251-5524.

TALLY
PRINTERS
WORLDWIDE

Tally Corporation is a member
of the Mannesmann Group.
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LETTERS TO THE EDITOR

COMMUNICATION CHANNEL

Part 1 of 3-part series on communications
in distributed systems addresses shared
memory, parallel interface, and serial inter-
face techniques

DIGITAL TECHNOLOGY REVIEW

Single-board voice recognition module con-
tains all logic and 1I/0O interfacing necessary
to convert 100-word vocabulary into computer
code

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Timesharing computer control of a laboratory
data acquisition instrument eliminates tedious
manual operation and allows large volumes
of measurement data to enter the computer
directly

MICRO DATA STACK/COMPUTERS,
ELEMENTS, AND SYSTEMS

Unconditional and conditional input and out-
put techniques, combined with semaphores
and flags, manage data transfers to and
from a microcomputer and 1/0 device

AROUND THE IC LOOP

Supplementing other subnanosecond ECL
components, 8-bit slice elements provide
bidirectional architecture and parity checking
to simplify system implementation

PRODUCT FEATURE

A standalone, self-contained personal com-
puter enables scientific and business pro-
fessionals to have a dedicated, powerful
computer system, complete with interactive
graphics capability

LITERATURE

GUIDE TO PRODUCT
INFORMATION
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ENCODING/DECODING TECHNIQUES
DOUBLE FLOPPY DISC CAPACITY 127

by John F. Hoeppner and Larry H. Wall

Evaluation of encoding, decoding, and formatting schemes for floppy
disc data storage expansion reveals their impact on controller design,
media format flexibility, and soft error rate

MULTIPROCESSING SYSTEM MIXES
8- AND 16-BIT MICROCOMPUTERS 137

by Joseph P. Barthmaier

Both 8- and 16-bit single-board computers share a common system
bus to improve throughput and reliability in multiprocessing tasks

SEMICONDUCTOR MEMORY UPDATE—PART 3:
HIGHER DENSITY TECHNOLOGIES 147

by Eugene R. Hnatek

This final installment surveys memory technologies comprised of
magnetic bubbles, charge-coupled devices, Josephson junctions, and
gallium arsenide circuits that are attaining higher densities

BENEFITS AND LIMITATONS OF
WIRE MATRIX PRINTER TECHNOLOGY 160

by James W. Adkisson

Serial wire matrix printer developments are surveyed as to technology
advantages and limitations of print speed, quality, and reliability

A ROW BUFFER CONTROLLER FOR CRT REFRESH 166
by Dusty Morris and Robert Ferguson

An LS| CRT controller installed in a video terminal inexpensively
fulfills the interface functions to a raster scan CRT with fewer parts

CONFERENCE

IECI '80 120

The IEEE Industrial and Electronics Control Instrumentation Society
sponsored spring conference and exhibit will present details on the
application of mini and microcomputers in areas ranging from process
control and data acquisition to energy monitoring and testing systems
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ards.

When it comes to 1/0 functional cards
for DEC LSI-11 microcomputers, ADAC has
the biggest selection available.

ANALOG I/0
1012 16 channels, high level inputs, 12 bit
1012EX  32-64 channel high level inputs,
mux expander
1014 16 channels, high level inputs, 14 bit

1023 16 channels, high level inputs, 12 bit,

LSI-11/23 interrupt compatible
1023EX  32-64 channel high level inputs,
LSI-11/23 interrupt compatible
1030 16-64 channels, high level inputs,
12 bit, 2 DACs
1112RL  8-16 differential low level and
thermocouple inputs, 12 bit
1112RX  8-16 differential low level and
thermocouple inputs, mux expander
1113 8-16 differential low level and
thermocouple inputs, 12 bit,
LSI-11/23 interrupt compatible
1113EX  8-16 differential low level and
thermocouple inputs, mux expander,
LSI-11/23 interrupt compatible
1412DA  1-4 D/A channels, voltage or current
loop outputs

CLOCK CARDS
16016PT Programmable crystal clock/timer

SERIAL 1/0 CARDS
1750 Asynchronous line interface with
two 170 ports

DIGITAL I/0
1604/0P1  2-4 optically coupled pulse-input
channels
1604/POC 2-4 pulse output channels
1616CCI (116 discrete inputs, contact closure
etect

1616/MIC 16 discrete inputs with priority encoder
1616/010 16 parallel outputs, optically isolated

1616/011 16 parallel inputs, optically
isolated, can cause interrupt

1620TTL 16 latched inputs and outputs for
DMA operation

1616HCO 16 discrete outputs, high current drive
1632HCO 32 discrete outputs, high current drive

1632TTL 32 TTL 1/0 lines
1664TTL 64 TTL 1/0 lines

BUS INTERFACE

1620DMA  Direct memory access controller
1900 Unibus to LSI-II translator
1950 Bus repeater

1900CT  Cable terminator card

Whatever your DEC system —Unibus, Qbus

or Omnibus, write or call for full details on

the industry’s widest line of compatible cards

and complete system enclosures.

loade

CORPORATION

70 Tower Office Park « Woburn, MA 01801
(617) 935-6668
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Now you can have up to 8.0 megabytes of memory in a single I'd like to learn more about BULK SEMI formy §

15%” chassis to meet your disk emulation and main memory
requirements.

It'’s available today in BULK SEMI, from Dataram Corporation,
the people who pioneered BULK CORE.

And because Dataram designed BULK SEMI to be compatible
with its popular BULK CORE modules, you can take advantage of
the wide range of existing BULK CORE controllers to use

1

1

1 minicomputer.
i

1

1

]

1

BULK SEMI as main memory or in disk emulation systems for : Title Phone

]

i

B

]

1

B

1

]

[ Please send more information.
[0 Please have a salesman contact me.

Name

DEC®, Data General, or Interdata minis.

Dataram’s 15%” BULK SEMI system consists of a BULK SEMI
Controller board and up to 16 BULK SEMI Array boards. With
each BULK SEMI Array board being 512K B, the maximum chassis
capacity is 8.0 megabytes.

Error correcting is standard, as are the reliability, performance,
and economy of BULK SEMI. From Dataram. And only Dataram.

Company

Address

City State Zip
Also send me information about
O BULK CORE 0O BULK MINI

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

S P /N DATARAM
\N | corPORATION

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512
TEL:609-799-0071 TWX:510-685-2542
Canada: Ahern & Soper Ltd . Alberta, British Columbia, Ontario, Quebec * Finland: Systek OY. 90-737-233 « France: YREL. 956 81 42 e ltaly: Mactronics Italia. 02/35 36 041
Netherlands: Technitron b.v . 020-45 87 55 » Sweden: M Stenhardt AB. (08) 739 00 50 e Switzerland: ADCOMP AG, 01/730 48 48 » United Kingdom/Ireland: Sintrom Ellinor Ltd.. (0734) 85464

West Germany/Austria: O E.M -Elektronik GmbH, 07 11-79 80 47 o Australia/New Zealand: Anderson Digital Equipment, (03) 543 2076 e India: Industrial Electronic Instruments 79281 o
Israel: K DM Electronics. 921513 ¢ Japan: Matsushita Electric Trading Co . Ltd . 03 (435) 4501 e Taiwan/Republic of China: Syscom Computer Engineering Co . (02) 7022156
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Wedidn’t

the

gettothe
most

8-bit

The record speaks for itself. An
independent survey revealed that
during the first 9 months of 1979
General Instrument had topped all
rivals by delivering over two and
one-half million 8-bit microcom-
puters. That's more than twice as
much as our nearest competitor.
While it is a most impressive
record, to be sure, it's a direct reflec-
tion of the success and acceptance
of General Instrument’s philosophy:
To provide products of consistent
high quality, backed by comprehen-
sive support and customer service,
at competitive prices. Simply stated,
we deliver more 8-bit microcompu-
ters, because our microcomputers
deliver more to our customers.
Specifically, our popular PIC
family consists of the PIC 1650A with
512, 12-bit words of Read-Only-
Memory, 32, 8-bit bytes of RAM, 32
1/0 lines, real-time clock counter
and two-level stack, packaged in a
40-pin DIP. The PIC 1655A is a
reduced I/O version,20 I/0 lines,
packaged in a space-saving 28-pin
DIP. Another version, the PIC 1656,
has both external and internal inter-
rupts, three-level stack and 20 I/O

GENERAL

INSTRUMENT A

lines in a 28-pin DIP. A development
microcomputer, without the ROM, is
also available.

All PIC series chips feature a
powerful 12-bit instruction set, in-
stead of the usual 8-bit instruction
word offered by other manufac-

COMPANY

COMPANY COMPANY
] C
Source: DATAQUEST
turers, which allows applications
with far less ROM.

So much for what we make.
What our customers make of it is
something else again. Our 8-bit
microcomputers have proven them-
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top by just delivering
microcomputers.

selves in a wide variety of applica-
tions, including vending machines,
consumer appliances such as wash-
ing machines and vacuum cleaners,
electronic games, keyboards, dis-
playdrives, TV/radio tuning systems,
industrial timers, motor controls,
security systems and automotive
dashboard instrumentation. And as
long a list as we may come up with,
it still isn’t long enough, because

##, (74

even asyou'rereading this, someone
is designing a PIC into yet another
challenging product application.

No matter how good a product
may be —and ours is second to
none — it needs the proper support
to realize its full potential. Which is
why we offer a complete, inexpen-
sive set of hardware and software
aids. This helps our customers in
their design, development, and eval-
uation of a particular application.

Software includes PICAL, a two-
pass assembler program, which
allows the use of mnemonics and
labels when writing the application
program. By attaching our PICES

In-Circuit Emulation System to any
host computer, you instantly have a
single-station PIC development sys-
tem. Rounding out the support
group is the PFD Series of PIC Field
Demo systems which emulates the
PIC Product Line, enabling the dem-
onstration of anapplication program
in the field before it's committed to
a masked ROM.

And, as you'd expect, we pro-
vide a complete library of informa-
tion documenting all there is to
know about our systems, including a
PICAL User Manual, PICES Data
Manual, PIC Handbook and PFD
Series Data Manual — all yours for
the asking. For more information,
write or call General Instrument
Microelectronics, 600 West John
Street, Hicksville, New York 11802,
or call (516) 733-3107.

We help you compete.

GENERAL

INSTRUMENT
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’ Now high speed
at half power
is a piece of cake.
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Fairchild has just set the standard in 8K
PROMs with the most important develop-
~ ment of the past two years.
Our new 93L451 low-power - -
1K x 8 PROM features indus-
try-standard speeds, but
we've cut the power in half.
We did it with Iso-
planar-S, the newest version

offer your system five times better reliability
than the competition’s standard-power
PROMs. And lower power dis-
sipation means fewer problems
getting heat out of the box.
So now you can run cooler, but
just as fast.

Our new PROMs are an
excellent energy-saving solution

of Fairchild’s Isoplanar pro-

cess. Isoplanar-S also allows us to make our
standard 8K PROM the fastest in the

industry. And we plan to make even faster
and denser devices in the near future, as
Isoplanar-S technology evolves.

Isoplanar-S.
The piéce de resistance.

Isoplanar-S is Fairchild’s evolutionary
new process for scaling down bipolar LS|
geometries. With it, we'll be able to reduce
dimensions of bipolar products from their
current 4-micron geometry all the way
down to 1 micron. That will mean incredible
increases in speed and density, with
substantial decreases in system power and
cooling requirements. All of which
translates into superior performance for your
computer system.

Have your cake and eat it too.

Because of its lower junction tempera-
tures, our 93L451 low-power PROM can

for upgrading your established
system. Or for designing into your new one.
After you've had a taste of high speed at

COMPARISON WITH OTHER 8K PROMS

TAAMAX | Icc MAX
MANUFACTURER PART # 0-75°C 0:75°C
FAIRCHILD 93450/51 55 ns 175 mA
HARRIS 7680/81 40 ns 170 mA
SIGNETICS 825180/81| 70 ns 175 mA
INTEL 3608/28 80 ns 190 mA
MMI 6380/81-1 Q0 ns 180 mA
FAIRCHILD 93L450/51 70 ns 85 mA
SIGNETICS 82L5181 175 ns 85 mA

half power, you'll never be satisfied

with anything less than Fairchild. For all the
details, call or write Bipolar PROM at
Fairchild Semiconductor Products Group,
PO. Box 880A, Mountain View,

California 94042.

TWX: 910-379-6435. O Sttt

Shaping the future of LSl technology.
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CALENDAR

CONFERENCES

MAR 14-16—West Coast Computer
Faire, Civic Auditorium and Brooks Hall,
San Francisco, Calif. INFORMATION: Com-
puter Faire, 333 Swett Rd, Woodside, CA
94062. Tel: 415/851-7075

MAR 17-19—Industrial Control & Instru-
mentation Applications of Mini &
Microcomputers (IECI), Sheraton Hotel,
Philadelphia, Pa. INFORMATION: Dr Paul
Russo, RCA Labs, Princeton, NJ 08540. Tel:
609/452-2700, X3234

MAR 17-20—Interface '80, Miami Beach
Convention Ctr, Miami Beach, Fla. INFOR-
MATION: Peter Young, Interface Group,
160 Speen St, Framingham, MA 01701. Tel:
617/879-4502

MAR 19-21—Design Technology for
Computers & Datacomm Systems 80,
Disneyland Hotel Convention Ctr, Anaheim,
Calif. INFORMATION: Industrial & Scientific
Conf Mgmt, Inc, 222 W Adams St, Chicago,
IL 60606. Tel: 312/263-4866

MAR 24-27—Powercon 7, Town and
Country Hotel, San Diego, Calif. INFORMA-
TION: Ed Gragda, Powercon 7, PO Box
5226, Ventura, CA 93003. Tel:
805/985-6978

MAR 25, MAR 27, AND APR 28—Invita-
tional Computer Conf, Dallas, Tex;
Houston, Tex; and Atlanta, Ga. INFORMA-
TION: B. J. Johnson & Assoc, 2503
Eastbluff Dr, Suite 203, Newport Beach, CA
92660. Tel: 714/644-6037

APR 8-10—Internat’l Reliability Physics
Sym, Caesar’s Palace, Las Vegas, Nev. IN-
FORMATION: Glen T. Cheney, Bell
Laboratories, 555 Union Blvd, Allentown,
PA 18103. Tel: 215/439-7628

APR 21-24—Internat’l Magnetics Conf,
Sheraton-Boston Hotel, Boston, Mass. IN-
FORMATION: D. |. Gordon, Conf Chm,
Naval Surface Weapons Ctr, White Oak,
Silver Spring, MD 20910. Tel: 202/394-2167

APR 28-MAY 2—Society for Information
Display Internat’l Sym, Town and Coun-
try Hotel, San Diego, Calif. INFORMATION:
Lewis Winner, 301 Almeria Ave, PO Box
343788, Coral Gables, FL 33134. Tel:
305/446-8193

MAY 6-8—Internat’l Sym on Computer
Architecture, Casino, La Boule, France.
INFORMATION: Jacques Lenfant, Irisa
Campus de Beaulieu, 35042 Rennes, Cedex,
France

MAY 13-15—ELECTRO, Boston-
Sheraton/Hynes Auditorium, Boston, Mass.
INFORMATION: Dale Litherland, Electronic
Conventions, Inc, 999 N Sepulveda Blvd, El
Segundo, CA 90245. Tel: 213/772-2965

MAY 19-22—National Computer Conf,
Anaheim, Calif. INFORMATION: AFIPS,
1815 N Lynn St, Suite 800, Arlington, VA
22209. Tel: 703/243-4100

MAY 20-22—CENCON ‘80 Industrial
Electronics Conf, Public Auditorium
Arena, Cleveland, Ohio. INFORMATION:
Mike Lapine, Cleveland Electronics Conf,
Inc, 2728 Euclid Ave, Cleveland, OH 44115,
Tel: 216/241-5515

MAY 29—Computer Networks Protocol
Sym, NBS, Gaithersburg, Md. INFORMA-
TION: Helen M. Wood, Conf Chairperson,
National Bureau of Standards, Washington,
DC 20234. Tel: 301/921-2834

JUNE 3-5—Networks ‘80, Bloomsbury
Centre Hotel, London, England. INFORMA-
TION: Online, Cleveland Rd, Uxbridge UB8
20D, England

No matter how much
media you feed us,

wewon’t eat

it

up.
Qume.

Datalrak "
Floppy Disk Drives
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JUNE 17-19—Internat’l Microcomputers
Minicomputers Microprocessors/
DATACOMM '80 Conf, Palais Des Exposi-
tions, Geneva, Switzerland. INFORMA-
TION: Industrial & Scientific Conf Mgmt, Inc,
222 W Adams St, Chicago, IL 60606. Tel:
312/263-4866

JUNE 19—Computer System Integrity,
Technical Sym of the ACM and NBS In-
stitute for Computer Sciences and
Technology, National Bureau of Stan-
dards, Gaithersburg, Md. INFORMATION:
Angela Turvey, 4910 Butternut Dr, Rock-
ville, MD 20853

JUNE 25-27—IFAC Sym on Large Scale
Systems: Theory and Applications,
Toulouse, France. INFORMATION: Sympo-
sium Secretariat, AFCET-156, Bd
Pereire-75016 Paris, France

SEMINARS

MAR 10-12—Digital Switching Trends,
Digital Communication and Signal Pro-
cessing, and Fiber Optical Communica-
tion, Dallas, Tex. INFORMATION: Ann
Siegenthaler, Dir of Sem, Information
Gatekeepers, Inc, 167 Corey Rd, Brookline,
MA 02146. Tel: 617/739-2022

MAY 7-8 AND JUNE 4-5—Micropro-
cessors: Hardware, Software and
Applications, WPI Campus, Worcester,
Mass and Boston, Mass. INFORMATION:
Office of Continuing Education, Worcester
Polytechnic Institute, Worcester, MA 01609.
Tel: 617/753-1411, X517

SHORT COURSES

MAR 10-11—Digital Electronics for In-
strumentation and Automation; MAR
12-14—8080-8085-Z80 Microcomputer
Interfacing, Design, and Software; and
MAR 17-18—TRS-80 Interfacing and
Programming for Instrumentation and
Control, Virginia Polytechnic Institute and
State U, Blacksburg, Va. INFORMATION:
Dr Linda Leffel, CEC, Virginia Polytechnic In-
stitute, Blacksburg, VA 24061. Tel: 703/
961-5241

MAR 19-21 AND MAR 24-26—Software
Reliability Models and Design of Digital
Control Systems, George Washington U,
Washington, DC. INFORMATION: Dir,
Continuing Engineering Education, George
Washington U, Washington, DC 20052. Tel:
202/676-6106

COMPUTER DESIGN/FEBRUARY 1980



FOCUS ON THE ELECTROMASK 700SLR.
THE WAFER STEPPER 'YOU
HELPED DESIGN.

Before Electromask designed the Model
700SLR™ Wafer Stepper™, we talked to

wafer leveling —plus built-in provision for
fully automatic wafer-to-reticle alignment

many of you to learn what you wanted in | TOMORROW’S | as a future field retrofit.

a production machine for step-and-repeating You told us that delivery time is important,
circuits directly on wafers. You said you TECHNOLOGY and no microlithography company has a
wanted high resolution and precise regis- TODAY better delivery record than Electromask.

tration without sacrificing throughput. And
to get that you asked for die-by-die align-

Electromask wafer imaging systems will
be delivered to meet your schedules.

ment and automatic operation. You also said you had
to have delivery schedules you could rely on.

We listened. We responded with the Electromask
Model 700SLR™ Wafer Stepper™, a system that pro-
vides die-by-die alignment through the lens and
excellent machine-to-machine registration. To get
more good die per hour, it also offers such advanced
features as fully automatic reticle loading, automatic
reticle alignment, automatic reticle masking, automatic
wafer prealignment, automatic focus, and automatic

Electromask is a company with years of leadership
in microlithography and with a well-trained, firmly
established, world-wide service organization geared
to respond on an immediate basis to help you avoid
costly downtime and maximize your throughput.

For information, or a product demonstration, write
or call:

Electromask, Inc., a subsidiary of the TRE Corpo-
ration, 6109 De Soto Avenue, Woodland Hills, California
91367, Phone: (213) 884-5050, Telex 67-7143.

AN
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Whose MCU does 8-bit jobs on a

AMTI’s S2000 FAMILY, OF COURSE.
With power packed into every square mil
of its tiny frame, our mighty microcomputer

family is saving the day everywhere you look. -

From industrial controls on one end of the
spectrum to handheld games on the other, our
4-bit wonder is proving to be as versatile as

it is cost-conscious.

No other low-end, single chip microcomputer
family can handle the jobs Mighty MOS can.
Controlling pr ble thermostats for
industry, pay-T V scrambler boxes, fuel gauges
and instrument panels. Running washers,
dryers, dishwashers, refrigerators and micro-
wave ovens. And masterminding timers for the
home that will turn on lights, sprinkler
systems and security monitors.

In one application after another, Mighty
MOS is finding more holes in the competition
than Swiss cheese.

WHAT GIVES MIGHTY MOS THE EDGE?

It’s not only powerful enough to take care
of many 8-bit jobs. It’s also crafty enough to
handle many things other 4-bit microcom-
puters can't.

Our tiny champion of oppressed engineers
has a clear edge 1n I/O, with a choice of LED or
fluorescent drivers; Touch Control; or direct
drive of SCR and Triac. It has a 50/60 Hz timer
or counter, zero voltage crossing to cut down
damaging current surges, and a three-level
subroutine stack.

And Mighty MOS is the only 4-bit MCU
supported by the Tektronix 8002A develop-
ment system. That gives it more programming
muscle, too.

MIGHTY MOS IS GROWING FAST.
You canende 000s now with built-in 1Kx8
0 M 0 AM And S2150s,

)
A




4-hit budget?

In a few months, three more Mighty MCUs will
expand the memory even more and include
features like analog 1/0, interrupts and table
look-ups. One of them will be a CMOS
version that can do a lot with very
little 'Fower When they come flying in,
you'll find it easy to upgrade your
system, adding even more power and
E unch without adding much cost.
ecause all parts of our family
software are upward compatible.
So let Mighty MOS stretch your
4-bit budget. Just get in touch with
your nearest AMI sales office. California,
(213) 595-4768 and (408) 738-4151;
Florida, (305) 830-8889; Illinois,
(312) 437-6496; Indiana, (317) 773-
6330; Massachusetts,
(617) 762-0726;
M1ch1gan (313) 478-

(914) 352-5333;
Pennsylvania, (215)
643-0217; Texas, (214)
231-5721; Washington, (206)
— 687-3101. Or contact AMI S2000
Marketm 3800 Homestead Road, Santa Clara
CA 95051 "Phone (408) 246-0330.
YOULLFINDIT ISN'T HARD TOBE A
HERO WITH MIGHTY MOS ON YOUR SIDE.

AMI

AMERICAN MICROSYSTEMS, INC.

13

CIRCLE 9 ON INQUIRY CARD



Full DEC

Introducing the Mostek VAX Add-In.
Now we have all the cards.

With the addition of our 256K byte add-in memory for the
VAX-11/780, we now have a full line of add-in, add-on memories
for DEC minicomputers. Your advantage? All the inherent
advantages of dealing with a reliable single source supplier.

The new Mostek VAX incorporates the same quality found in
all our memory systems: Total hardware and software compati-
bility. High density for maximum capacity in a minimum number
of card slots. Burn-in and stress tests at the component level.
Pre-burn, burn and post-burn tests at the system level. Standard and
optional system features for greater system flexibility and signifi-
cant cost savings. And a full one-year warranty on all memory boards.

MK 8601

Total capacity of two megabytes in el :
a 7" chassis. 256KB or 512KB |l Y
increments with ECC standard. T -

Can operate in the serial and
interleave modes simultaneously.
Maintenance program available.

MK 8009 A1“X” (PDP-8A)

16K, 32K, 48K, or 64K words x 12
bits. Compatible with DEC mem-
ory management to extend total
capacity to 128K x 12 with just
two cards.

MK 8009 A0“X” (PDP-8E,F,M)

16K or 32K words x 12 bits. Single
+5V supply with synchronous
“hidden” refresh control.

©1979 Mostek Corp



MK 8016

256KB single board capacity (32K
words x 72 bits with 64 bits data
and 8 bits ECC). Totally hardware
and software compatible.

LSI-11/2 or LSI-11/23'

MK 8005 (PDP-11/03; 23)

8K, 16K, or 32K words x 18 bits
with optional byte parity genera-
tion and checking.

MK 8011

16K, 32K, or 64K words x 18 bits
with on-board parity generation
and checking.

MK 8001

16K, 32K or 64K words x 18 bits
with parity standard.

MK 8012

64K x 18, 96K x 18, or 128K words
x 18 bits with parity standard.

They're available out of stock.

To find out just how well Mostek Memory Systems stack up in
density, performance, reliability, availability and price, call one
of our offices: Eastern, (201) 842-5100; Northeastern, (617) 256-1500;
North Central, (612) 935-4020; South Central, (214) 386-9141; South-
western, (714) 549-0397; Western, (408) 287-5081; or Memory Systems
Marketing at (214) 323-8802. Mostek Corporation, 1215 West Crosby Road,
Carrollton, Texas 75006. In Europe, con-

tact Mostek Brussels, phone 660.69.24. MOS]'E[( Memory
-Systems
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Air Land Systems
Protocol Converter™
Converts ASCII

To 2780 Or 3780

This Protocol Converter Unit,
when connected” to a terminal
sending ASCII asynchronous

ms, can accept

for transmission via modem
communications line un

communications at s
baud rates.

Protocol conversion software
programs for most major
protocols as with IBM
BURROUGHS, HONEYWELL
UNIVAC and NCR terminals are
also available
Dimensions: 272" x 12" x 14
110/120 VAC — 220/2
*RS232 or 20ma current

For more in

AIR LAND SYSTEM
2820 Dorr Avenue
Fairfax, Va. 22031
(703) 573-1100

ASCII
Terminal

Protocol Converter ™

27/3780 BISYNC

AIR LAND SYSTEMS

Designers of Data Communications
Interfaces :

LETTERS TO THE EDITOR

To the Editor:

I found the July 1979 article “Practical
Hardware Solutions for 2’s Comple-
ment Arithmetic Problems” by Thinh
V. Nguyen, (pp 105-112) rather in-
teresting. I noticed, however, that the
circuit given in Fig 2 (and incorpo-
rated in Fig 3) produces a correct
answer for only 88.3% if the possible
inputs. For example, if the input is
00FOH, the output will be 01F1H;
but 00FOH + 1 = 00F1H.

As an alternative, I propose the
circuit in the accompanying diagram.
Since the Al to A4 adder inputs are
always 0, the generate inputs to
carry lookahead are also always 0; and
since the propagate signal can be pro-

duced with simple AND gates, a more
complex ALU is unnecessary. As the
74182 uses negative logic for its P
and G inputs, NAND gates are used
and the G inputs are tied to Ve..

Typical propagation delay would
be

12 ns 741540 NAND

7 ns 7458182 carry look ahead
15 ns 7415283 adder

34 ns

By incorporating three data selec-
tors controlled by the carry outputs
of the carry lookahead, delay would
be reduced to 28 ns.

George M. Hutnick
Allentown, Pa

B4 Ca s4
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SEEING IS BELIEVING HITACHF'S

SUPERIOR RGB COLOR MONITORS.

Clearly the finest color monitors are available
from Hitachi, a company that produces some of the
finest instruments in the electronics business.

For over a decade engineers and scientists have
relied on Hitachi technology and products to expand
research and production world-wide. Hitachi's

most advanced state of the art technology developed
by Hitachi. Check the chart and specifications and
you'll clearly see the advantages of Hitachi's RGB
color monitors. For further information call

(415) 981-7871.

dedication to e?(cellence has made its color monitors ODEL TGETS HN s [ (i
the best in t.he |r!dUStI'Y- 4 g Screen Size  |19V" 19V"/13V" 19V"/13V" 19v"

The Hitachi RGB color monitors are designed Resolution [High High | High Standard
for use in computer data and graphic display applica- Convergence |High Self- Self- Conventional
tion. These units are ideal for industrial control, b b AR i il
4 . % 5 Number of Max 720 Max 720 Max 720 Max 720
image processing, CAD and any situation where color Lines 525/625std  |525/625std | 525/625std | 525/625/std
displays of computer-generated images are needed. CRT Delta gun In-line gun In-line gun Delta gun
Hitachi's advanced tube technology coupled with o e S maat I S
quality electronic circuitry results in color monitors o3tmmdot | 031mm dot 03tmmdot [ 0.8mm dot

s S i o <3 pitcl pitcl pitc pitc
with superior performance an;l rellab!llty. In addition s e T T T T
the wide range of models available with a host of Capability Analog char. char Analog
options can solve any application requirements. — AN i o

Our model HM 2619/13 and 2719/13 with self Ampliier
Convergence and in'“ne gUn are examples Of the Bandvildth 25 MHz‘f 3dB [25MHz = 3dB |25 MHz +'3dB | 25 MHz = 3dB

Technology Sales Inc.
Tel: (617) 862-1306

Hitachi America, Ltd.
San Francisco Office
100 California Street
San Francisco, Calif. 94111
Tel: (415) 981-7871
CIRCLE 12 ON INQUIRY CARD

Bestronics, Inc.

Tel: (213) 870-9191
(714) 979-9910
(714) 278-2150

HITACHI

Hitachi, Ltd. Tokyo Japan
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LSI Breakthrough for Analog

Intel announces the 2920 Signal Processor,
first general purpose, real-time system on a chip.

Good news for analog designers.
Intel breaks a new barrier in
microelectronics: The first intel-

ligent chip powerful enough to

|

_=

process analog signals in real
time. Plus a computer-aided
development package to help
speed your systems to market
faster than ever before.
Intel’s 2920 is a complete,
micro-sized signal processing
system that packs the equivalent
of over 18,000 transistors on a
single chip. It operates hundreds
of times faster than current digital
processors. And best of all, the
2920 allows designers to program sys-
tem values quickly, instead of having
to match and tweak components.

Ji

A revolution in analog design

From the beginning, LSI tech-
nology has helped designers achieve
dramatic improvements in product
size, design cycles and manufacturing
economics. But until now, the speed
and complexity of analog processing
has stood in the way of

assured to a degree not possible
with previous methods.

Micro-processing for
the real world

Applications for the 2920 are
as broad as your imagination. Since
analog designers can program the
2920 processor to perform a large
number of standard building block
functions, the chip can be used as
an entire subsystem. Implement
such functions as complex filtering,
waveform generation, modulation/
demodulation, adaptive processing,
and even non-linear functions.
This broad capability makes the
2920 an ideal single chip solution
for virtually any application in the
DC to 10kHz range.

And like the digital micropro-
cessor, the 2920 is destined to create
entirely new classes of applications:
products that are smaller, simpler,
and less costly to produce. It givesa
competitive advantage to companies
in such areas as process control, test

far less complex than the component
matching it replaces. Most impor-
tantly, Intel provides the complete
support tools and design workshops
you need to start designing 2920
systems today.

Our SP20 Support Package and
Intel’s Intellec® Microcomputer
Development System allow you to
develop and debug by simulating
your system in software. Just program
functions according to your system
schematic, then specify input and
operating values. Together, Intel’s
development aids let you see how
your system will work before you
even build a prototype. Best of all,
because you develop in digital code,
your prototype system will be dupli-
cated precisely in manufacturing.

Start making news with
your product
Everything you need to begin
designing a new generation of real-
time analog processing systems
is here today: Intel’s 2920 Signal
Processor, SP20 Sup-

general purpose, single
chip solutions for real-
time applications.
Today, Intel’s 2920
Signal Processor brings
the powerand flexibility
of LSI to the analog
world. Because of its
size, the 2920 can fit in
spaces too compact for
traditional analog
solutions. Because the

ANALOG
INPUTS

Functional Block Diagram of the 2920 Signal Processor

port Package, and the
Intellec Development
System. For detailed
information, including
our new 2920 bro-
chure, plus a schedule
of Intel’s nationwide
2920 Design Work-
shops and Seminars,
contact your local
Intel sales office or
distributor. Or write

2920 is programmable,

product development and time-to-
market are speeded significantly.
Finally, because the 2920 is a solid
state device produced with Intel’s
proven NMOS process, reliability
and manufacturing repeatability are

and instrumentation, guidance or

control systems, telecommunications,

speech processing, and seismic or
sonar signal processing.

How the 2920 simplifies

system development
Programming Intel’s 2920 Signal

Processor is fast and easy to learn—

CIRCLE 13 ON INQUIRY CARD

Intel Corporation,
Literature Department, 3065 Bowers
Avenue, Santa Clara, CA 95051.
Or call (408) 987-8080.

intal delivers.

Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Elmar, Wyle/Liberty,

L.A.Varah and Zentronics.
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GenRad/Futuredata
delivers Intel, Zilog,
Motorola, Rockwell, R

WE SUPPORT MORE CHIPS

When it comes to developing
development systems that
support more microprocessors,
no one can touch us. Our
universal development system
doesn’t box you in with a
single chip or chip family. Our
system sets you free to design
with any or all of the most
popular processors.

In your smart-product race
through the’80’s, switching
development systems will be
the pits. With our system that
won't be necessary.

WE ADD NEW CHIP
SUPPORT FASTER

Thanks to our unique slave
emulation system we can add
new chips to your system in
a matter of weeks. Remember,
we don’t make the chips - just
the development system. And
we don't have to redesign
our system for each new chip
—we just add another slave
emulator. And, that’s all you
pay for. So, we're faster and
more economical, too.

WE SET THE PACE
FOR EMULATION

Ours is the only system capable
of delivering transparent,
non-stop, full-speed emulation




advanced
development
systems

to 10 MHz. And it’s the only
system capable of emulating
many different processors
simultaneously.

Transparent, non-stop, full-
speed emulation takes all the
guesswork out of choosing the
right microprocessor for your
application. It allows you to
evaluate each chip thoroughly,
accurately and objectively.

The ability to emulate several

different chips o
simultaneously QO

paves the way chQZ_ 000
to develop-

ment of smart t

products using
more than one
Processor.

REGISTER OFFSET
DISPLAY WINDOW

SELF
COMPLETING
PROMPTING
COMMAND
LANGUAGE

STACK
DISPLAY

THREE INDEPENDENT
WINDOWS, EXPAND-
ABLE TO FOUR

TYPICAL 8086 SNAPSHOT

The 2302 Slave Emulator allows you to view
your program in single-step, snapshot or logic
analyzer modes. This view can be formatted
to match your requirements even for the most
complex memory segmentation, interrupt-
driven or multi-processor environments.

WE KEEP YOU
IN THE FAST LANE

Our system has been designed
to make hardware and soft-
ware development fast,
efficient and productive. With
our high-speed CRT, high-
level language programming
and powerful software, things
happen fast — sometimes
instantaneously. Now available
with highly block structured
PASCAL compilers, our system
can cut your programming
time by 50% or more.

GenRad
futurecdata

WE DELIVER THE MOST
COST-EFFECTIVE
SOLUTION

Lower initial cost, universality
and expandability make our
system a prudent, long-term
investment. Any of our
systems can be upgraded to
network status. By sharing
costly and under-utilized
resources (disks, printers,
emulators, analyzers and even
software) you can stop paying
your designers to stand in line.
Networking can lower your
cost-per-station by 20% or more.

WE'RE HERE TO STAY

There is no finish in the smart-
product race. To stay ahead
you're going to need flexible,
productive, expandable
development systems and a
supplier with staying power
capable of giving you in-depth,
after-sale service and support.
Ask for a demonstration of
the 2300 Series Advanced
Development System. Sales
and service offices in major
cities.

GenRad/Futuredata

5730 Buckingham Parkway

Culver City, CA 90230

(213) 641-7200. TWX: 910-328-7202.

GenRad/Futuredata universal development systems —

expanding your world of microprocessor-based design.
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"Think youve
oot 1t tough?

See page 174

To the Editor:

I feel obliged to write to you con-
cerning an unfortunate error that ap-
pears in the July 1979 issue in the
article “Practical Hardware Solutions
for 2’s Complement Arithmetic Prob-
lems” by Thinh V. Nguyen, pp 105-
112.

The error occurs in the fast add 1
circuits of Figs 2 and 3, which are
referred to several times in the text.
The problem is that the circuit shown
gives the wrong answer whenever a
carry is produced by a stage in the
absence of a carry from the preceding
stage.

A circuit that overcomes this prob-
lem is shown. In this circuit the sig-
nal to the 74Ls157s only selects the
outputs of an adder if the carries from
all preceding stages are present—as
must be the case for correct operation,
Note that the A and B inputs on the
second and subsequent data selectors
have been swapped as compared to
the first data selector due to the neg-
ative logic output from the xNanD
gates. This circuit adds a further 9 ns
(typ, Ls/TTL) to the add time of 24
ns quoted in the article, which still
represents a speed advantage (albeit
small) over the ripple carry method
for 16-bit numbers.

The circuit can be conveniently ex-
tended to word sizes of uo to 36 bits
without increasing the addition time.
This limitation comes about because
each stage that is added requires a
NAND gate with one more input than
the one at the previous stage. Wider
NAND gates from the Schottky range
could be used (74S133, 74S134) but
these would soon run the carry from
the first stage out of fanout since it
has to drive all the levels above it.

If a further gate delay could be
tolerated then an extra 2-input NoR
gate for each of the upper stages will
extend the method to 68 bits, which
should be enough for most systems.

For the upper 8 stages the select
signal is implemented as

Soin = Go*Ci10*Cra® . . . *Coina +—S—o
n=1to8

where S, is the select signal to the
mth stage, C,, is the carry signal to
the mth stage, and

Sy = Ci*Cs*CoCi# Co*Cyo Co G

Since the select signal is now posi-
tive the A and B inputs to the data
selectors will need to be reversed for
the upper stages.

Craig Clapp
Bracknell, England
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When you need
illuminated switches,

£l

any kind of illuminated push button switch that any-
one could want . . . Single lamp, dual lamp, neon,
incandescent, LED lighted, you name it.

Perhaps you're looking for snap action switches
with silver or gold contacts, or wiping action switch-
es with gold contacts for low level application.

And if you're looking for rear panel or front
bezel mounting switches, switches with momentary
or alternate actions, or high quality switches for
computer applications, we have them.

You'll find that Dialight switches are not only
available at a reasonable price, they're also avail-
able with some very attractive features. Lamp re-
moval is from the front so you don’t have to remove

Dialight is the first place to look. We make just about ;

or more than
; e SV itChes o

~an entire switch just to change a lamp. And you

never have to use anything more complicated than
your fingers for replacement or installation.

Along with outstanding variety and design, you
get superior Dialight quality. Most Dialight switches
are Underwriter's Laboratory listed and CSA ap-
proved.

And Dialight distributors are widely located
th:joughout the United States, Canada and world-
wide.

Call or write Dialight today. We'll send you our
free switch catalogs so you can select a quality
switch that’s American —
made and Dialight guar- IJIA I..IG/'I I

anteed. A North American Philips Company

Dialight meets your needs.

Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600
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WHAT
SPERRY UNIVAC
IS DOING IN THE
MINICOMPUTER

BUSINESS.

OUR BROAD-MINDED PLANS.

At Sperry Univac Mini-Computer Operations,

we're making some big plans for our future and
maybe yours.

The minicomputer industry has been
growing by 20% - 35% every year. And as the
industry grows and develops, applications for
minicomputers appear virtually limitless.

We recognize that the market and the
opportunities in the minicomputer industry are

Sperry Univac is one of the few companies in
the world offering a complete range of data
processing equipment from minis to mainframes.

Our goal at Mini-Computer Operations has
been to provide our customers with dependable,
up-to-the-minute equipment. Equipment that
can be readily adapted to incorporate new
capabilities and give end users control advantage
by standardizing their DDP systems.

Our entire line of minis was designed to let
you develop sophisticated distributed networks
with Sperry Univac or IBM hosts. Or in both
environments concurrently.

And we're still able to deliver our high per-
formance, adaptable equipment with a reason-
able price tag.

WE DO ITALL.

We not only build the minis, we provide
complete support with competitively priced
peripherals and software.

vast.Th M  PERCENTAGE GROWTH RATES OVER 2-YEARS
ats wny, when DOOT Production Capability (Space)

| = Work Force (Employees)

Units Shipped (Quantity)
| Sales Volume (Units Shipped)
Research & Development (Investment)

In fact, we offer QL-77,
an easy-to-use query
language and we were
one of the first vendors
to provide Pascal.

we decided to enter the
minicomputer market two

years ago, we made the f

commitment to do it right. 400~




Sperry Univac was the company that
developed SUMMIT, the operating system
that allows you DDP capabilities with either
IBM or Univac hosts.

And we've recently introduced an array of
enhancements and peripherals which include the
Sperry Univac Disk Storage System, Serial Printer
and the 128KB/256KB Error Correction Memory.

WE'RE GIVING IT
EVERYTHING WE'VE GOT.

We have to. We have a reputation to uphold.

In just two years our Mini-Computer
Operations production facilities have more than
doubled. We've grown out of three buildings into
11 and nearly tripled our work force.

But most important to our current and future
customers, our research and development
budget is five times what it was just two years ago.

YOU'RE NEVER FAR FROM SERVICE.

The Sperry Univac sales and service net-
work is one of the largest and most responsive in
the world. With over 8000 customer engineers

available to keep our minis
Q

up and running, we can
provide prompt, complete
¥ service worldwide.

And that service is the
finest available. We've
¢ established a major com-
1 s putereducation centerin
. Princeton, New Jersey
e and several regional
o e training schools throughout
the United States and Europe. Our
educational system insures the degree of excel-
lence and competency in our service staff
necessary to maintain our equipment at peak
performance.

PUTTING IT ALL TOGETHER.

At Sperry Univac we have a reputation for
quality, performance and service in the computer
industry.

That's why we've committed ourselves to
a major investment in production facilities,
quality control and worldwide service. Our goal
is to produce a complete line of dependable,
reasonably priced minicomputers and per-
ipherals that are as respected as Sperry Univac
mainframes.

We plan to become a big name in mini-
computers by doing all the little things right.

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.

SPER'QY UNIVAC

SPERRY UNIVAC IS A DIVISION OF
SPERRY RAND CORPORATION
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The Author replies:

The circuit in Fig 2 (p 107, “Prac-
tical Hardware Solutions for 2s
Complement Arithmetic Problems,”
Computer Design, July 1979) is of
course inadequate. This is simply be-
cause there is a missing AND gate at
the output carries from the adders.
The correct circuit is shown in the
diagram.

Thinh V. Nguyen
1T General Controls
Glendale, Calif

To the Editor:

I was very pleased with the editorial
care expended on my article, “Relia-
bility Computations on a Handheld
Programmable Calculator,” in the No-
vember 1979 issue of Computer De-
sign, p 138. Looking again at my just
published article I discovered a few
mistakes (my fault!) in the program
listing on page 142. The following
corrections should be noted:

1. After step 001 (LBL A), step 027

(LBL B), and step 056 (LBL C) in-
sert CF1

2. Correct step 002 from Y«—>Y to
XeoY

3. After step 111 (LBL D) insert SF1
4. Delete step 120 (STO 1)

5. After step 151 (RCL 1)
X<, ?F1, RCL 5

insert

Cass R. Lewart
System Development Corp
Eatontown, Ny

To the Editor:

First I would like to thank you for
the listing of Cecil Beeson’s program
for minimizing multiple output
Boolean functions featured in the Jan-
uary 1979 issue. There was a problem

26
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in implementing the program that
other readers also may have en-
countered.

I used the FORTRAN subroutines for
the 10R, 1AND, and 10NEs functions.
The program does not work if the
arguments are passed to the subrou-
tine by value, eg, SUBROUTINE IOR
(A B.C).

The subroutine does not give the
correct answers if A and B are vari-
ables with the same name. However,
if the last two arguments are passed
by location, SUBROUTINE IOR
(A,/B/,/C/), the program works

properly and the solutions agree with
the given sample problems.

I. Phillip Jenkins
Bendix Flight Systems Div
Teterboro, Ny

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460
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The Better Choice
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Excellent adaptability for industrial applications.
Available in three configurations: basic OEM (as
- shown), standard 19" rack-mounted, and cabinet-
enclosed. All with unmatched picture clarity and
brightness.

The IDT-19A Price Picture

Simply the most cost-efficient unit on the market.
Features include automatic degauss and front access
contral:s, Backed by quick delivery and expert techni-

a alI and we’ll tell you why the IDT-19A is
Bctter Choice.

in Color Monitors

The IDT-19A Single Board

A design that’s simple and rugged. Far fewer inter-
connections and active components than competitive
models, all assembled on a single circuit board. Dras-
tically reduces downtime and makes same-day, on-
site service a reality.

INDUSTRIAL DATA
TERMINALS CORP.

1550 WEST HENDERSON ROAD « COLUMBUS, OHIO 43220 - 614/451-3282

Solid, simple, reliable.
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TEST DATA

UNIQUE R-N SINGLE CONTACT
DESIGN PROVES SUPERIOR

They deliver 4 times greater holding force on
your IC leads.

In a tough, 50-G shock test of 25 sockets —

IC package came loose from the socket!

nvincing proof that vibration problems are

1 R-N's new low profile ICL sockets

Socket density in multi-laver board can now be
increased without sacrificing reliability.

-and this FULL LINE of low-profile R-N ICL

sockets is priced very, very competitively. # t
- !
Benyllium copper —» ack fold™ contact ¥ {
for 36% greater design provides s |
contact strength longer spring contact 4 ’
than other commonly for maximum ; q
used contact alloys. pressure against !

IC lead

s

Self-lock leads hold _
socket firmly during
high speed wave
gn meets
bump” restricts solder at, smooth {
w and prevents side of IC lead '«,
{er wicking for perfect
contact




low profile DIP socket MYTH

¢, .. TWO contacts e

minimum

are not e Fat-Skinny TESTS PROVE*
more reliable e o e
than ONE!”?

for low profile sockets
provides —
4 TIMES BETTER

IC RETENTION FORCE
Surprisingly, a low profile (.150" high) DIP than competitive
socket is a different breed of cat when it comes to low profile dual-leaf sockets
engineering in contact reliability. Most standard
DIP sockets have dual contacts. (R-N's dual
“side-wipe” contacts are among the most reliable
in the industry.) But, when you shorten the
contact length to achieve the “low profile” you
lose a great deal of contact force and IC reten-
tion strength. So, to achieve effective low profile
socket reliability you must redesign the contacts
and make them out of the strongest contact
material available.

Minimum withdrawal forces

8
88 7 oz

R-N SOCKET SOCKET SOCKET

SOCKET “A 5 I

% In "Fat-Skinny test," withdrawal forces are measured using the smallest size
(.008") lead after insertion of largest size (.012") lead

Representative NORMAL FORCE Test Scores for 10 R-N
ICL low profile sockets
TEST SOCKET NORMAL FORCE *

410 grams
465 grams
480 grams
465 grams
395 grams
425 grams
465 grams

.. 395 grams
410 grams
.425 grams

—

AVERAGE — 430 graims
7 This force is 4 to 5 times greater than average dual contact socket NORMAL FORCE
Low .150 proflle of ICL socket reduces board % NORMAL FORCE means force perpendicular or at right angles to IC lead. The single

density by 26%. ICL contact exerts this kind of force against the IC lead when inserted into the socket.

WRITE TODAY for latest R-N “Short Form™ Catalog of R-N production DIP sockets.
Contains full specs, dimensions and material data. Get yours now.

OBINS ON
NUGENT ING.
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COMMUNICATION CHANNEL

COMMUNICATIONS IN DISTRIBUTED SYSTEMS—
PART 1: INTERFACING TECHNIQUES

Melvin G. Gable

Ford Motor Company
Dearborn, Michigan

R ecent advances in communication technology and the
evolution of the microprocessor have made distributed
computing a practical system design approach. Dis-
tributed computing can be considered as the physical
separation of the intelligence of the system into separate,
logically organized units dedicated to the overall task of
performing a given function. For the total system to op-
erate and function properly, it is necessary that the sep-
arate systems be able to communicate with each other.
This requirement is accompanied by the problem of in-
terfacing the various intelligent units in a manner that
provides efficient and timely communications. Delays, or
response of the communication interfacing technique,
should not degrade total system performance.

There is a tendency in distributed systems to be either
loosely or tightly coupled in functional organization.
Tightly coupled multiprocessor systems usually require
communication response times that are less than a hun-
dred times their instruction execution rate (Fig 1). Such
tightly coupled processor applications range from matrix
array computing, signal processing, pattern recognition,

30

and frontend communication processing. The requirements
of energy management, laboratory automation, process
control, and plant machine monitoring generally result in
loosely coupled systems having relaxed constraints on
communication response. Communications in loosely
coupled systems are usually by messages, and, in most
cases, message delays greater than a thousand times the
execution speed of the processor do not degrade system
performance. This is because each unit is organized to
operate with less dependency on the total system. In
loosely coupled systems, the bandwidth of the communi-
cation bus is not as critical; therefore, the bit serial inter-
face method becomes more attractive due to its simplicity.
On the other hand, in tightly coupled systems where per-
formance is important, the high bandwidth of a parallel
bus outweighs the increased complexity of the communi-
cation interfacing technique. Fig 2 illustrates serial, paral-
lel, and first in, first out buffer interfaces, as well as
shared memory design approaches. Such schemes have

" been used in various system designs to achieve the de-

sired system performance,
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CENTRONICS

COVERS THE COURT

.with new, low-priced printers for small businesses

Now small businesses can have the advantage
of Centronics performance. We have new
models to meet the needs of small businesses —
a selection that covers the court. And we've
followed-through by pricing them lower than
other printers that can’t match Centronics’
features and reliability.

TOP-RANKED TEAM We understand your
small business needs —that’s why Centronics
has sold more printers to the small business
market than anyone else. We have new, fully-
featured models designed for small business
applications. High throughput for inventory
control. Full 132-column width for accounts
receivable. Versatile forms handling capability

for invoicing, payroll, and statements. Plus
excellent print quality for labels and listings.
The bottom line: with Centronics, small busi-
nesses can have mainframe performance at
micro prices.

READY FOR ANY TOUR These printers are
designed to deliver maximum in-service time,

a key consideration for a small business. And we
have the largest worldwide service organization
of any independent printer company.

DON’'T WRITE — phone Bob Cascarino today
at (603) 883-0111, extension 4032, or contact
any of our 15 U.S.A. or 9 international sales
offices. Centronics Data Computer Corporation,
Hudson, New Hampshire 03051.

i CEI‘ITRDI’IIES PRII’ITERS
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CHANNEL DELAY (us)

0.5 1.0 1.5 2.0

CPU CYCLE TIME (us)

Fig 1 Channel delay vs pro-
cessor cycle time. Capability
of communication system to
tightly couple distributed pro-
cessors requires channel de-
lays approaching processor
cycle time. Loosely coupled
systems are not so rigorous

25 3.0

Parallel Interface

Communication interfacing of two processors can be easily
accomplished through the use of either bidirectional or
unidirectional parallel interface design. Such interfaces
have dnput and output registers as well as control inputs
and outputs for handshaking during data transfer. The
major disadvantage in using parallel ports for communica-
tion is that the processors must be synchronized for the
exchange of data to be completed.

Use of local buffering within the interface will diminish
latency and synchronization problems. A first in, first out
(r1ro) buffer memory automatically stores words in the
order in which they are entered at the input, and permits
their extraction from the output in exactly the same order.
In addition, data entry and extraction from the FrI1Fo
buffer can be accomplished asynchronously. Because of
these properties the Firo buffer memory is ideal for this
application. ?

Such Frro memory devices are available from various
semiconductor manufacturers. As an example, the Fair-
child 16-word by 4-bit TTL 9403 permits data entry and
extraction in either parallel or serial format. A minimum
of hardware is needed to design a communication inter-
face, since the buffer memory and associated control
functions, as well as the serial-to-parallel and parallel-to-
serial conversions, have been combined into a single in-
tegrated circuit.

In the Zilog Z8000 family of microprocessor compo-
nents,! a r1ro buffer can be used to configure parallel
processors, peripherals, and local and common memory
into a network. The z-aBU and z-FIFO components are
organized as 8-bit wide asynchronous bidirectional Firo
buffer units. The z-riro is used to expand the depth or
word width of the microprocessor buffer unit (a:Bu) and
does not contain the microprocessor bus and control inter-
face logic as does the 1Bu.

32

The r1ro buffers permit asynchronous communications
between parallel processors, and also have the capability
to connect various subsystem components operating at
different speeds. Key to their operation is that the rrro
accepts data and holds them until they can be processed
by another device in the system. The system is not
slowed down by having to wait until the receiving device
can accept the data.

Shared Memory

When there are multiple communication paths in a system
configuration, the number of riro buffers grows accord-
ingly. A shared memory approach solves the problem of
predefining all data communication paths. The micro-
processors can be connected to the common memory
through the use of a shared bus approach. Each processor
uses the common bus to fetch instructions and data from
memory and to read and write input/output (1/0) devices
or memory. As a result, the common bus becomes a bot-
tleneck to overall system throughput, and this constraint
severely limits total system performance.

Shared bus utilization can be minimized by implementa-
tion of an alternate dual-bus structure, as in the Intel
MULTIBUS™ system architecture. Each processor in the
system has its own local memory and 1/0 that it uses for
most operations. This procedure reduces the frequency of
service requests for the shared system bus. Access to the
shared bus is only necessary when global memory loca-
tions or 1/0 devices are referenced in the program. In the
MULTIBUS systems, the local and global distinction is made
through the physical address of the reference.

Two or more processors may simultaneously request the
shared bus. In such an event, arbitration is required to
resolve this multiple access contention.? In the MuULTIBUS
structure, arbitration is accomplished through either a
serial or parallel hardware priority technique.

COMPUTER DESIGN /FEBRUARY 1980
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Introducing XMOS processing.

A new, more practical approach to the 8049 ..C.

Introducing Amplifying on
STARPLEX™ current amplifiers
i ™
WRisE The LM385 12, W
Universal active micropower reference
filters cut costs A hot new linear
MICRO-DAC™ temperature sensor
the easiest way CRT controller
fromDtoA does more with less
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Practicality
comes fo microcomputing.

XMOS process a breakthrough

in single-chip ..Cs.

By combining their new XMOS fab-
rication process with a modularized
“macro” approach to chip layout,
National has produced a version of the
8049 uC that is smaller, faster and
consumes less power.

The new INS8049, which features
2Kx 8 ROM, 128 x 8 RAM and 27 1/0 lines
on a single chip, is currently available
in either 6MHz or 11TMHz models. And due
to their leading edge XMOS technology,
National’s INS8049 .Cs boast 2.5 and
1.36 usec cycle times forthe6and 11MHz
Versions.

Transparent enhancements. There
is also a myriad of transparent improve-

ments that XMOS bestows upon the

INS8049. All of which result in considerable

reductions in systems costs.

The standby current for the on-chip
RAM is mask-programmable depending
on how much memoryis required. Standby
voltage is much less than on other
8049's, which results in a 12- to 35-fold
reduction in standby power.

In addition, the INS8049 1.C has two
mask-programmable port drive options:
TTL drive or open drain.

Also on-chip are a battery charging
circuit and a Schmitt-friggered interrupt,
making it ideal for sophisticated battery-
operated applications.

Meet the family. National’s 8049
uC is but one of several Series 48 family
devices alreadyin production. The INS8048
uC features TK ROM and 64 bytes RAM.

The readily available INS8039 and INS8035

uPs are ROMless versions of the 8049
and 8048.

The INS8050 is the largest member
of the 8048 family with 256 bytes of RAM
and 4K ROM. It eliminates the need for
external memory devices without any soft-
ware or hardware changes, letting you
add more features without adding more
components.The INS8040 P is a ROM-
less 8050.

See the coupon for additional liter-
ature or check with your local distributor
for National’s INS8243 1/0 expander
and many other MICROBUS® compat-
ible peripherals.

National’s breakthrough XMOS tech-
nology gives you the kind of single-chip
practicality you've been waiting for. For
less than you ever thought possible. 72

MICROBUS is a registered frademark of and
XMOS is a trademark of National Semiconductor Corporation.

TRANSPARENT ENHANCEMENTS
INS8049 OTHER 8049s
ACTIVE SUPPLY CURRENT (WORST CASE) ~ 70mA (385mW) 140mA (770mW)

STANDBY SUPPLY CURRENT MASK-PROGRAMMABLE 50mA @ 5V (250mW)
(WORST CASE) 9mA - 128 WORDS (20mW)
7mA- 96 WORDS ( 16 5mW)
5mA— 64 WORDS ( 11mW)
3mA- 32 WORDS (6.6mW)
MINIMUM STANDBY VOLTAGE 22V (2 NICAD CELLS) 45V (4 0 5 NICADS)
$150-52.00 SAVINGS
BATTERY CHARGING NO EXTERNAL COMPONENTS NEEDED EXTERNAL NETWORK
INTERRUPT PIN SCHMITT TRIGGER WITH HYSTERESIS NO HYSTERESIS
PORT PINS MASK-PROGRAMMABLE ONE DRIVE CHARACTERISTIC

CURRENT DRIVE
1. TTL DRIVE 1250A @ 2.4V

TTL DRIVE 100A @ 2.4V

2. OPEN DRAIN ( 104A MAX)

MICRO-DAC"
Series is the
easiest way
from D to A.

CONTROL BUS

The DAC1000 is the first of a series
of 10-bit four-quadrant multiplying D/As
that are fruly uP-compatible. That's
because each DAC looks like a memory
location oran I/0 port and has all con-
trol functions right on the chip. So you
get easy interface with any 8- or 16-bit
data bus.

With National's “end point” linearity
spec only two adjustments are needed:
Zero and Full Scale. Set these, and the
linearity specification is metf. And linearity
is maintained even with a 10-to-1 reduc-
tion in reference voltage.

The MICRO-DAC 1000 Series can be
used not only for D/A conversion systems,
but also as building blocks for digitally
controlled amps, alternators, active filters,
and even oscillators.

These DACs are also more flexible
than any other: 4-quadrant multiplying,
double buffered, single supply operation
from +5V to +15V, right- or left-justified
data format, micropower operation
(2mA max), and output current mode
setting time of 500ns in a 20-pin DIP

For non-P interfacing needs,
National has the DAC1020 and DAC1220.
These DACs are direct replacements for,
and are priced 30% to 300% lower than,
the AD7520, AD7521, AD7530, AD7531
or AD7533.

These inexpensive D/As start at $4.00
at 100 pieces. And because of National’s
volume capacity, no one can sell for less. 2

MICRO-DAC is a trademark of
National Semiconductor Corporation




Introducing

STARPLEX wnth ISE.

The fully developed development
system.

The Practical Wizards have done
it again.

Theyve created an easy-to-use devel-
opment tool that helps design engineers
do their whole job on the STARPLEX
development system.

STARPLEX can not only develop soft-
ware for 8080, 8048, 8049, 8050, 8070,
NSC800, 8085, and Z-80 microproces-
sors plus BLC/SBC Series 80 boards,
but now with ISE (in-system-emulation)
you can also fest, analyze and debug
prototype hardware/software for the
same products.

Multiprocessor capability.

The ISE module is a separate unit
incorporating its own CPU, 32K bytes
of user-programmable memory and
all the necessary logic for breakpoints,
tracing and memory mapping.

With ISE, you can simultaneously

run two prototype microprocessors (in
any combination). So for the first time,
you can have real-time emulation or
debugging in a multiprocessor
environment.

Befter yet, since ISE does not share
the STARPLEX BUS, the system does not
have fo compete for memory access
with its STARPLEX host. So ISE is the only
development tool available that offers
real-time emulation with 32K real-time
map memory.

There’s ISE and there's ISE.

National’s easy-to-learn ISE software
comes completely integrated into the
STARPLEX system, including the unique
Automatic Testing or “In-File” capabil-
ity. In-File is an automatic festing mode
that will implement a predefined
sequence of tests. ISE can also record
those results to show exactly how
each part of the system performs during
the tests.

S e T

Our symbolic debugging capability
provides not only the usual breakpoint
conditions, but also a “coast” command
which allows you to continue executing
a program after the breakpoint combina-
tion has been satisfied.

Look into our ISE.

ISE 8048 has all the 8080 features
mentioned above plus the ability fo read
and disassemble internal ROM; make
patches in assembly code; support 11
MHz components; support the entire
8048 family; and use prototype crystal
clocks.

The Z-80 ISE is a bus-compatible
board that plugs directly info STARPLEX.
It can support 2-4 MHz Z-80s; provide
4 tracing options; supply relational and
regional breakpoints; and provide refresh
for prototype memories.

STARPLEX with ISE offers features
not found in any other development
system, yet it costs substantially less
to own and operate than any compet-
itive system.

Practical Wizards, indeed. /|

STARPLEX and ISE are trademarks of
National Semiconductor Corporation
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Single-chip CRT controllers
need less support.

DP8350 Series of programmable
controllers most widely used among
major CRT makers.

National’s powerful CRT controllers
require considerably less support circuifry
than any other CRTC available. Due in
part to single-chip bipolar circuitry, the
DP8350 Series CRTCs serve as fully

dedicated CRT display refresh circuits
in 40-pin packages.

This, combined with the DP8350°s
enhanced versatility provides an unprec-
edented ease of system design.

Single-chip versatility.

The DP8350 Series, which includes
the DP8350, DP8352 and DP8353
CRTCs, offers a wide range of program-
mability using internal mask program-
mable ROMs. In the character field, for
example, both the total number of dots
per field (up to a 16 x 16 dot matrix) and
the number of scan lines per character
may be specified. The number of charac-
ters per row (from 5 to 110) and char-
acter rows pervideo frame (from 110 64)
may be programmed as well.

A complete set of video outputs is
available including cursor enable, pro-
grammable vertical blanking and pro-
grammable horizontal and vertical sync.

In addition, the DP8350 CRTCs fea-
ture an internal dot rate crystal controlled
oscillator. For those systems where a
doft rate clock is already provided, the
DP8350 Series may use an external

clock input. Either way, the buffered
dot rate clock output ensures system
synchronization.

The DP8350s also provide such
system sync and program inputs as
50/60 Hz control, system clear, external
character/line rate clock and a charac-
ter generator program. Also featured
are three on-chip registers for external
loading of the row starting address,
cursor address, and top-of-page
address. Twelve bits (4K) of bidirectional
TRI-STATE® character memory addresses
allow interface to character memory.

DP8350 at the heart of the best
designs.

The popular DP8350 Series has
already been designed into the terminals
made by nearly every major CRT terminal
manufacturer. Because the Wizards at
National not only offer superior control-
lers, they also produce a wide variety of
complementary design components.
Character generafors, pPs, memory
products, just to name a few.

And what’s more, it's all ready for
immediate delivery. a

Showcasing National’s new family
of 8-bit A/Ds.

National's 8-bit A/Ds not only inter-
face to any wP bus, they also feature
absolute or ratiometric operation, and
require just a single 5V supply at almost
no current at all.

Of all the 8-bit A/Ds on the market,
only National offers single-channel dif-
ferential analog input A/Ds in 20-pin
DIPs —the ADCO801/2/3/4. In addition,
their ADCO808/9 8-bit converters fea-
ture 8-channel analog input multiplexers,
each in a 28-pin DIP The top-of-the-line
ADCO0816/17 each contain a 16-channel
analog input mux in 40-pin DIPs.

The new line of 100usec A/D con-
verters eliminates the need for external
zero and full-scale adjustments and
features an absolute accuracy as good
as =% LSB.

National, the leader in innovative,
cost-effective data acquisition products,
now has the best price/performance
of any A/D available. In 100-piece lots,
the ADCO804 costs only $2.95; the

ADC0809 a low $3.60; the ADCO80819
costs just $7.95.

|ADCUN/5
8-BIT A/D

- cof ATIMING =

Practical Wizardry strikes again —all
the way down to the bottom line. a
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LM335-hot newlinear | LM359 amplifies

on current

temperature sensor. amplifiers.

The LM335 is a two-terminal |.C. that
looks like a zener with a +10mV/°K

making interfacing fo a readout or to When design engineers said they
contfrol circuitry even simpler sfill. needed a low-cost dual that was similar

temperature coefficient. The Whether you're designing to the quad LM3900, but with operation
LM335 is rated for operation measurement control, protection in the video frequency range, the R&D

over —565°C to +1560°C, circuitry, solar heating, environ- Group af Nafional Semiconductor came
and has an over-range up mental control or thermostats, up with the answer. It's the LM359 Dual,

to +200°C. Initial accu-
racies are available at
1°C, 3°C, 6°C but a third

National's new series of High Speed, Programmable, Current
temperature sensors have a Mode Norton Amplifier.
lot going for them. The primary design emphasis was

lead makes the LM335 At only $ 95, it's placed on high frequency performance
very easy fo calibrate. Typi- time to start sensing and providing user-programmable
cally, 1°C accuracy is achieved | temperature with 1.Cs. a amplifier operating characteristics.

Each amplifier is broadbanded to
provide a high gain bandwidth product,
(up to 400 MHz),a high 60V/usec
slew rate and stable operation. They're
t_ UTPUT A0V oK designed fo operate from a single supply
- and can accommodate input common-
1 mode voltages greater than the supply.
 a The LM359 solves a lot of applications
= problems: general purpose video ampli-
fiers; high frequency, high Q active filters;
photodiode amplifiers; wide frequency
range waveform generation circuits.

Now design and application engi-
neers have what they need, thanks o
National Semiconductor. a

over the entire range when ™
it's calibrated at only one |-
temperature. -
The low operating current ]
means low error even for ==
remote femperature meas- |, g
urement. Further, the LM335
eliminates the need for
linearizing circuits, thus

05pF

0.01uF

New LM385 12,W micropower
reference. The lowest power | .
reference available.

The new LM385 is yet another exam-
2equiator ple of National Semiconductor’s com-

100uF

12v

‘ / mitment to supply high-performance —

N ~ references. Where power is a primary
concern (as in battery-powered equip-
% S ment, portable meters, or general-
AlDs | Opan purpose analog circuitry with battery
Power Supplies life approaching shelf life), this device

provides performance unmatched by
traditional discrete devices.
For applications requiring other ref-

LM385 Design Features erence voltages or performance specifi-
— operating current of 10uA to 20mA cations, National Semiconductor has
—1% and 2% initial tolerance the device you're looking for. For example:
—low voltage reference (1.235V) —\ref 2.6V; 5.0v; 6.9V; 10V
— stable under large capacitive loading — Initial Tolerance as low as .01%

— low temperature coefficient —TC max as low as 0.5ppm/°C

—low noise, good long-term stability Is it any wonder that more and more
—1Q) dynamic impedance design engineers are looking to National
— replaces older devices with a tighter Semiconductor’s linear references to

tolerance solve problems? a




AF100 active filters-
a universal solution
to cost problems.

In the past, the easiest and least
expensive means of active filtering was
with discretes. But this is no longer the
case thanks to National's new AF100
universal active filters.

The AF100s are infemally adjusted
to provide center frequency accuracies
of +2.5% (for the AF100-1CN model)
and 1% (for the AF100-2CN model).

And because of their small size and
low external parts count, the AF100
active filters lend themselves perfectly
for use in MODEMs and many other
telecommunications applications that
require lowpass, highpass, or bandpass
filter configurations.

But there's more fo the price/
performance story than just design ver-
satility and decreased manufacturing
costs. The AF100 universal active filters
are aftractively priced as well. By way
of illustration, the AF100 is currently avail-
able in large quantities for less than
$3.00 each.

Just another example of Practical
Wizardry cutting your costs to the bone.z

LM335
LM334

LM359

LM385,LM336
LM329 LM399

DAC1020
DAC1220

INS8049
INS8048

Data Acquisition-
A National perspective.

Parts listed in boid face are featured in this issue of

AF100
AF150
AFI51 LF3331/2/3 LHO084/86 LF398

ADC0801/2/3/4
ADC0808/9

ADC0816/17
ADC1210

the National Anthem

L T T T T T T rTrTrorraT
What's new from the National archives?

006 [ Special Functions Data Book 023 [JADC0801,ADC0808, ADC0816

(56.00) Data Sheets
012 [0 DAC 1000 Data Sheet 024 [ DP8350 Series Application Notes
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Brochure 026 [J AF100-1CN, AF100-2CN
016 [J LM159/359 Data Sheet Data Sheet
017 OJ LM185/385 Data Sheet 028 [ STARPLEX Brochure and ISE
Data Sheets

018 O LM135/235/335 Data Sheet
Enclose check or money order based upon appropriate currency. Make checks
payable to National Semiconductor. Allow 4-6 weeks for delivery.
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SERIAL BUS
[ |
SERIAL - SERIAL o
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MEMORY 1 COMMON ' MEMORY > MEMORY [~ Fig 2 Serial, parallel,
e . and FIFO buffer inter-
face techniques. Pro-
cessors access shared
e Bds - memory and common
INTERFACE INTERFACE BieReAesl /O via shared bus
scheme
SHARED BUS

In the serial scheme, requests for service on the shared
bus are ordered by priority on the basis of bus location.
Each processor on the bus notifies the next lower priority
processor when it needs to use the bus, and monitors the
bus request of the next higher priority unit. The highest
priority unit in the system will receive bus mastership. A
busy line is used to inhibit higher priority users from de-
stroying a current bus transfer already in progress by a
lower priority requestor.

In the parallel technique, bus mastership is resolved
through the use of an external hardware arbitrator. The
bus request lines from the various processors in the sys-
tem are fed to a priority encoder that generates a code
representing the highest priority device currently request-
ing the shared bus. This coded level is decoded into a
bus access line for each processor in the system. Through
this technique, bus access is granted to the highest pri-
ority master.

Serial Interface

The multiprocessor communication techniques discussed
so far have been based on such parallel bus schemes as
parallel registers, ¥iro buffers, and shared memory con-
figurations. Where processors are geographically dispersed,
as in process control and laboratory automation systems,
bit serial interface methods become very attractive. Serial
interfaces have the advantage of reducing long distance
wiring costs over those entailed by parallel techniques.
They are also capable of interfacing to standard voice-
grade telephone lines.

Many of the system configurations used in intercon-
necting processors with parallel techniques apply as well
to serial interfaces. The connections can form star, ring,
and totally connected structures. In a star configuration
(Fig 3) one processor forms the center and acts as a net-
work controller (master) with a separate line to the other

computer stands =

You can count on
Est for stationary or
movable computer
stands that are as
sturdy and functional
as they are hand-
some. Your
choice of style
and anchor plate.
Let us design a base
to your specifications.

Write or phone for literature
EST COMPANY, BOX 25D, GRAFTON, WI. 53024
(414) 377-3270 A DIVISION OF LEGGETT & PLATT, INC.
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Fig 3 Typical network
configurations. One pro-
cessor is controller in
star structure. In ring
system, data are sequen-
tially transmitted around
loop. In multidrop or
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D broadcast to all proces- ‘

processors (slaves). This structure can be hierarchical,
since a slave processor to one star structure can be the
master for a different star configuration. In the multidrop
scheme, one line acts as a bus to all the processors. Com-
munication is handled by polling from a master processor,
and communication between processors is only possible
by sending messages through the polling processor. In a
ring configuration, each processor is connected to the
other processors in a loop arrangement. Data packets
from one processor are passed along to another, and in-
termediate processors retransmit the packet until the des-
tination is reached. Usually, there is a network master to
delete packets not acknowledged by a receiving node.
None of these system configurations adapts well to par-
tial communication failures. When a master fails in a star

configuration, the slave processors go offline. Redundancy

is required at all levels of the system to avoid the prob-

lem of a master failure. In the multidrop arrangement, if

the polling computer fails, no processor can communicate.

In a ring system, any processor failure inhibits normal

communications.
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1. The Z8000 Family of Microcomputer Components, Zilog,
Inc, Cupertino, Calif, 1978

2. W. Plummer, “Asynchronous Arbiters,”
tions on Computers, Jan 1972, pp 37-41

IEEE Transac-

Editor's note: a feature article closely related to the subject
addressed in this column can be found on p 137, this issue.

Part 2 of Mr Gable’s column discusses common bus and
shared resource schemes, and will appear in the March issue.

For IBM mainframe and major

mini-computer users, Adage 4000
Series systems now offer the same
superior performance that has
made us, for years, the recogniz-
ed leader in interactive graphics.
All systems feature host channel
speed interfaces, host computer
off-loading. image buffer, local
hard copy output, and high-
speed interactive displays.

For IBM System Users
The 4250 — our higher-perform-
ance, plug-compatible replace-
ment for the IBM 3250. With 12
displays, the 4250 offers the most
economical price/display

ratio available today.

The 4370 — ouir full
3D graphics termi-
nal designed to in-
terface directly to
an IBM/370 com-
patible channel.

THE ADAGE ADVANTAGE

Interactive Graphics for
IBM and Mini-Computer Users

P e P G A I A (M ey e

The 4380 — our innovative com-
bination of all 4250 and 4370
functions in one terminal.

For Mini-Computer Users
The 4100 Series — includes 2D
(4115 and 4125)and 3D (4135
and 4145) models with state-of-
the-art graphics capabilities

and direct inter-
faces to popular
mini-computers.

The Adage
Advantage
For over a dec-
ade Adage sys-
tems have been

helping customers in industries
including aerospace, automo-
tive, heavy machinery and
petroleum, solve their most
complex graphics problems.
These include applications such
as CAD/CAM, command and
conftrol, simulation, and data
analysis.

To learn how Adage can
help you, call (617) 783-1100.

INTERACTIVE COMPUTER GRAPHICS WORLDWIDE

U.S.: 1079 Commonwealth Ave.  Boston, MA 02215
(617)783-1100 « TWX 710-330-0141

Europe: Markstrasse 9, 3308 Koenigslutter
am Eim, West Germany
Phone; 05353/1089, Telex 095528

See us at SIGGRAPH ‘80
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Make your readouts outstanding
with the latest Itron innovations.
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and bar graphic panels. 14-segment alphanumeric
nits. 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, ltron displays have

a proven long-life track record for ® ®
reliable performance under strin- J r” ”
gent conditions. And we can quickly

450 500 550 . ;
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; Neumuller GmbH, Eschonstr 2, 8021, Taufkirchen,

o e NORITAKE ELECTRONICS, INC.
Antony Cedex Phone. 666-21-10 Telex. 42204381 LA. OFFICE: 22410 Hawthorne Boulevard, Torrance, CA 90505, (213) 373-6704, Telex: 67-4910
UNITED KINGDOM: ITT Meridian, West Road, Harlow, Essex CM20 N.Y. OFFICE: 41 Madison Avenue, New York, NY 10010, (212) 481-3440, Telex: 12-5469

2BP Phone. 0279-35351 Telex. 817202 : PR
SWEDEN: AB Nordqvist & Berg, Box 9145 S-10272, Stockholm NHRIT;}KE (;ﬂ M?’M\Wr UMH-EH 5

Phone. 08-690400 Telex. 10407 JAPAN: 1 - 1 Noritake 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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IS A GOOD
CARTRIDGE WHEN YOU
SEE OUR NAME ON .

Chances are, the data cartridge in your system is ours. Even though
it may not say so. That's because most of the world’s top manufacturers of
systems like yours specify our 3M Data Cartridges.

Why? Because we build more quality performance features into our
cartridges than anyone else. Features that computer builders know will bring
out the best in their equipment. Like a metal base plate that helps maintain
constant tape speed and tension because it's unaffected by changing
environmental conditions.

Which means accurate playback of data even when it's recorded
on one machine and played back on another.

You see, systems manufacturers know a good cartridge when they
see it. And we think you will too. Even if our name’s not on it.

Check with your systems manufacturer when you need additional
supplies. Or simply call 800-328-1300 for more information. (In Minnesota, call
collect: 612-736-9625.) Or write: Data Products, 223-5E, 3M Company,

St. Paul, MN 55101.
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More power for

Power/Mate's new Econo/Mate open frame linear power
supplies now pack a bigger punch. They offer up to 33%
more power from the same case size than many competitive
models, at no increase in cost. That means you can achieve
even greater reliability from the Econo/Mate by operating
at a percentage of full load. Or, alternatively, pack more
power in a smaller space.

You get more features as standard. OVP on all 5 volt out-
puts, standard. Dual 105-125/210-250 VAC inputs on all
supplies, standard. Remote sense capability on all supplies

m ] is standard, except EMA-A and ETA-B.
Fifty Econo/Mate models from 5 to 24 VDC, up to 25
: Amps. Single, dual, and triple outputs including the popular
. ‘ disc drive supplies. Think of them as the new old standby.
Single Output Supplies Dual Output Supplies Triple Output Supplies
Model Output Price Mode! Output Price Model Output 1 Output 2 Price Mode! Output 1 Output 2 Output 3 Price
EMA-5AV Ve 1.2A $ 2700 | EMA-12/15C 12V@30A $ 5900 | ETA-5BV 5V@12A  5Vel2A $ 48.00 ETR-142EV 5V @6A 12V@154  12Vv@15A $115.00
EMA-58BV 5ve 30A $ 35.00 15V@2.8A ETA-5CV 5V@30A 5V@30A $ 68.00 QV@l2A  15V@1.3A
EMA-5CV 5Ve 6.0A $ 5000 | EMA-12/15CC 12V@6.0A $ 7400 | ETA-5DV 5V@60A 5V@6.0A $ 96.00 5V @0.8A
EMA-5CCV 5V@11.0A $ 7400 15V @5.0A ETR-122EV 5V @6A +12V@ 154 —12V@15A $115.00
EMA-50V 5V @ 15A $ 9400 | EMA-12/150 12V@88A $ 9400 | ETA-5158V 5V@12A 12V@05A $ 48.00 +15V@1.3A —15V@1.3A
EMA-5FV 5V @ 25A $149.00 15V @8.0A 15V @ 0.5A ETR-132EV 5V @6A 18V@10A 12V@15A $115.00
EMA-12/15F  12V@16A $149.00 | ETA-515CV  5V@30A 12V@15A $ 68.00 20V@10A 15V@1.3A
EMA-6A Ve 1A $ 27.00 15V @ 15A 15V@1.3A 24V@1.0A
EMA-gg 6¥ e z'gﬁ : gg 88 EMA-18/20A 18V @0.4A o e :g\\; c@@ g'g: i
EMA- Ve 5. $ - @0. $ 2700 2 i i
U R e STy Sy |l temdens et
EMA-6D Ve - ] $ 5900 | ETA- @l. P
EMA-6F 6V @ 22 $149.00 20V @2.3A ETA-5240V  5V@30A 24V@10A § 6800 | Model  Output1 Output 2 rice
EMA-18/248 18V@1.2A $ 3500 | ETA-524DV 5V@60A 24V@23A $ 9600 | ED-512AAV +12V@1.1A(AY) +5V@0.7A $ 41.00
EMA-9/10A 9V @0.75A $ 27.00 20V @ 1.0A +12V@ 1.7A(PK)
10V @0.75A 24V@1.0A ETA-12/158 }gx@g.gﬁ }g&gg.g: $ 48.00
EMA-9/108 LIACRE:TY $ 3500 | EMA-18/24CC 18V@4.5A $ 7400 @ k . = = =
10Va18A Gl -7 EA12/10 Va1 12Ve o s 6800 | Disk Drive Power Supplies, Triple Output
EMA-9/10C 9V @38A $ 59.00 24V @ 38A 15V@13A 15vel -
10V @36A EMA-18/24D 18V@7.1A $9400 | ETA-12/150 12V@30A 12V@30A sliceipi | Mee - ©l0wtpw 1 Output 2. Outpt 3 Frica
EMA-9/10CC  9V@BA $ 74.00 20V@7.0A 15V@28A 15V@28A ED-524BV zavg} ?ﬁ(;\:') +5V@1A —5V@05A $ 72.00
1 ; /
EMA-9/10D 83217052} $ 94.00 hbdoi ED-524CV 24&@33:%9\{()' +5V@25A —5V@05A $ 94.00
10V @10.0A - 4V @ 0.4A $ 27.00 @
e Em.gﬁé §4vgg_u $ 59.00 ED-524DV 24V @ 5A (Av) +5V@3A —5V@06A $125.00
EMA-12/15A 12V@05A $ 2700 | EMA-24F 24V@12A $149.00 24V @ 6A (PK)
15V @ 0.5A
EMA-12/15B  12V@15A $ 35.00
15V@1.3A
7 - -
Econo/Mate Specifications
AC input. 105-125/210-250VAC at 47-63 Hz. Derate output current Storage Temperature. —50°C to +85°C. Mounting - ¢
10% for 50 Hz operation. Temperature Coefficient. -=0.005%/°C typical. +0.02%/°C Model  Surfaces Dimensions
DC output ratings. See Voltage/Current rating chart. Adjustment range maximum. EMA-A 2 3.78"x 3.03"x 2.15"
=+ 5% minimum. Transient Response. Occurs within 50 microseconds for a 50 to 100% EMA-B 3 487"x4.00"x 207"
Line Regulation. 0.05% for a 10% input voltage change. load change. o EMA-C 3 562" x4.87" x 2.95"
Load Regulation. = 0.1% for a zero to full load change Short Circuit and Overload Protection. Self-restoring current limiting EMA-CC 3 7.03"x4.90" x 3.23"
Stability. 0.05% for 24 hours after warm up. (foldback type). EMA-D 4 9.00" x4.87"x 3.20"
Output Ripple. Better than TmV RMS: 3mV peak to peak typical. Overvoltage Protection. OVP is standard on all 5V outputs, set at ETA-B 2 490" x4.03"x2.25"
Remote Sense. Standard on all Econo/Mate supplies except EMA-A 6.2V +0.4V. OVP modules are available for all other output voltages. ETA-C 4 7.90" x4.03" x 2.93"
and ETA-B cases. UL Recognized. Econo/Mate Supplies are listed as a recognized ETA-D 4 9.40" x4.90" x 3.23"
Polarity. May be either positive or negative with respect to ground component in Underwriters’ Laboratories recognized component ETR-E 4 11.00" x 4.90" x 3.23"
or 'floating’ up to 300 VDC index. (UL 478, File No. E 45485). ] EMA-F 3 16.75" x4.87" x4.94"
Overshoot. No voltage overshoot on turn-on, turn-off or power failure. CSA Recognized. Econo/Mate supplies are listed as a certified ED-AA 3 6.50" x 4.00" x 2.07"
Temperature Rating. 0°C to 40°C full rated power, derated linearly component in Canadian Standards Association’s recognized ED-B 4 10.25" x 4.00" x 2.95"
to 60% at 71°C for EMA, ETA and ETR, and full rated 0°C to 50°C, component index. (LR 34-518). ED-C 4 11.00" x 4.87" x 3.20"
derated linearly to 50% at 71°C for ED supplies. ED-D 4 11.00" x 4.87" x 3.20"

514 S. River St./Hackensack, New Jersey 07601/(201) 440- 3100/TWX (710) 990 5023
3303 Harbor Blvd./Costa Mesa, CA 92626/(714) 957-1606/TWX (910) 595-1766

The world’s largest supplier of quality power supplies.

CIRCLE 169 ON INQUIRY CARD




A
. SR

Ly

A W\
AR
4

Choose TT’s 16-bit TM99(0 microcomputers.
The right price performance combination
for industrial controls.

You'll be in the best of companies.

To date, more than 500 companies
are betting on TI’'s TM990 micro-
computer modules. As indicated on
the following page, the diversity of
companies is great. The applications

38

are equally diverse. Why are these
modular members of TI's 9900 Fam-
ily the pick of the crop for so many?
There are many reasons; here are
several of the major ones:

The design headstart

A lot of work is done beforehand:
Hardware design. PC board layout,
manufacturing, testing. TM990 mo-

COMPUTER DESIGN/FEBRUARY 1980




dules come preassembled, pre-
tested. Shortening your design
cycle. Getting you to market faster.
Burn-in-reliability

TM990 modules are specified to
operate over the full commercial
temperature range of 0° to 70° C.

All components must pass strict
quality assurance criteria before as-
sembly. Every assembled module is
tested, temperature cycled, burned-
in, and retested to assure highly re-
liable operation.

Precision performance

The TM990 modules incorporate
TI's 16-bit microprocessors — al-
ready a standard in the world of pro-
cess control. The architecture is
more powerful, the instruction set
richer. The modules are backed by
high-level languages for easier, fas-
ter programming. Result: more pro-
grammer efficiency, more
operational precision.

Wide choice available

TI distributors stock TM990 mod-
ules for off-the-shelf delivery.

Your broad choice includes mod-
ules for evaluation and OEM appli-
cations. Memory expansion. Data
entry and display. Digital I/0 expan-
sion (see listing in the next column).

Interfacing to motors, genera-
tors, contactors, etc., is simplified
by industrial ac and de I/0 modules,
optically isolated for system protec-
tion. A series of A/D and D/A inter-
face modules is also available.

On-going leadership: A floppy
disk controller and a bubble memory
module have just been added to the
TM990 Series. Soon to come: A
speech module. And industrial com-
munication modules.

Forward-looking bus: From day
one, all TM990 modules have com-
municated over the same fully docu-
mented bus which simplifies system
integration and development of cus-
tomized modules. The TM990 Bus
definition supports memory expan-
sion to 16 megabytes as well as
multiprocessing applications.

Ready-to-use
software support

The affinity of TI’s 16-bit microcom-
puter modules for high-level lan-

guages contributes substantially to
programmer efficiency. Ready for
use immediately:

Power Basic: This English-like
language speeds programming even
for the novice. It is easy to learn, to

Way to Go

TM990 microcomputer modules are
making a significant impact on the in-
dustrial market. They daily prove
themselves the ideal means for
quickly bringing 16-bit economy and
performance to end products ... to
the production line. Choose the
TM990 Series and you join the best of
companies. To name a few: Varian,
Analog Devices, Dow Chemical, ITT,
Loral, Autotrol, U.S. Steel, Owens-
Corning, Gulf Oil, Chrysler, Lock-
heed, Boeing, Teledyne, Delco,
Litronix. . .and, of course, TI.

TI’'s TM990
Microcomputer Series

Microcomputer Modules:
TM990/100M
TM990/101M

Evaluation Module:
TM990/180M

Educational Module:
TM990/189

Memory Expansion Modules:
TM990/201 EPROM/RAM
TM990/203 Dynamic RAM

TM990/206 Static RAM
TM990/210 Bubble Memory
TM990/303 Floppy Disk Controller

1/0 Expansion Modules:
TM990/305
TM990/310

Industrial I/O Modules:
TM990/5MT Series

A/D and D/A Interface:
TM990/1000 Series (Analogic)
TM990/1240 Series (Analog Devices)

use, to document. It has I/0 features
for process control and enhanced
speed for real-time applications. It is
designed for use on a single micro-
computer module or in an expanded
module system.

TI Microprocessor Pascal: This
new high-level language, which TI
has pioneered, provides the most ex-
tensive support available. It enables
you to solve application problems

without getting involved with the in-
tricacies of machine architecture.
You have fewer errors because the
code is easy to write, document,
read, and modify.

Ready-to-use
development system

The AMPL* prototyping lab max-
imizes software productivity. It con-
tains, in one versatile unit,
everything required to develop your
software and to check out your sys-
tem hardware.

Available either as a floppy-based
system or multi-user hard disk
system, the AMPL lab supports
Basic, Pascal, Fortran, and as-
sembly language.

The very affordable modules

Considering the performance and
reliability you get ... the savings in
design time and programming ...
and the elimination of those ex-
penses associated with make-it-
yourself modules, the TM990
modules are the best buy in the in-
dustry — 16 bits for the price of 8.

Choose your help

When you bog down, dial (713) 776-
6632. That’s the Houston hot line. TI
application engineers stand by to
answer your technical questions.

If you want a firsthand look at the
TM990 modules, or the AMPL lab,
call or visit your local T1I distributor
Systems Center where TI-trained
applications engineers will arrange
demonstrations.

TI Regional Technology Centers
hold monthly courses on the TM990
modules, the 9900 Family micropro-
cessors, Power Basic, Microproces-
sor Pascal, and the AMPL lab.
Check your nearest TI distributor or
T1I field sales office for dates, loca-
tions, and fees.

For a copy of the latest brochure
containing more complete informa-
tion on the TM990 mi-
crocomputer modules,
call your T1I distributor.
Or write Texas Instru-
ments Incorporated,
P.O. Box 1443, M/S
6404, Houston, Texas
77001.

*Trademark of Texas Instruments Incorporated

Fifty Years

(2, {08
Innovation
e}
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TEXAS INSTRUMENTS

© 1980 Texas Instruments Incorporated

INCORPORATED
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I COVMMUNICATION CHANNEL

Distributed Processing System Communication Links
Eliminate Need for TP Software

(3270)
LOCAL

RESPONSE
PROCESSOR

ities as well as over land lines

Response system with extended PIXNET facilities. Transmission may be via satellite links and microwave facil-

Q
d

Communications capabilities of the
Response™ coordinated network pro-
cessing system, recently introduced
by Paradyne Corp, 8550 Ulmerton
Rd, Largo, rrL 33540, are based on
the company’s line of Lst and micro-
processor based high speed modems,
the ANALYSIS network management
and control system (Computer De-
sign, July 1978, p 18), pix 11 virtual

40

data links (Computer Design, June
1978, p 28), and PIXNET networking
systems (Computer Design, Aug 1978,
p 30).

Response distributes intelligence
throughout the network and provides
full duplex spLc-type communications
without conventional 1BM teleproces-
sing access schemes such as vram,
TCAM, or Ncp. Elimination of the Tp

software decreases overall processing
workload on mainframes. Polling,
error correction, routing, and applica-
tion selection requirements are im-
plemented within the network itself,
without host intervention.
Communications in the Response
system are controlled by attached
communications processors (ACPs)
that are integrated into the Response
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