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TANDBERG TDC 3000 
DIG! f AL CARTRIDGE RECORDER 

UJADED WRITE 
PffiMJT 



Begin with the industry-proven Tandberg TDC 3000 
Olgital Cartridge Recorder. Add our new RS-2321/0 
controller /interface. Ana you have a highly cost .. 
effective recording system compatible with every 
computer. 

There's a complete family of interfaces for the 
Tandberg TDC 3000. From the original design con
ceived by Tandberg of Norway, the $150-million 
electronics firm that pioneered tape recorders inter
nationally. The company that is to high quality elec
tronic equipment what Rolls Royce is to automobiles. 
With a tradiUon of excetlence that continues in a 
wide range of computer peripherals from Tandberg 
Data ln the United States. 

With total communications compatibility, the 
microprocessor-based RS-232 controller J interface 
from Tandberg Data Is engineered according to EtA 
Standard RS .. 232~C, type D and E, and a " teletype
compatible current loop," recording in ANSI I ECMA/ 
lSO-compatible format. 

And from the substantial savings in line charges 
atone, the TDC 3000 with the RS-232 controller I 
interface will recoup lts modest cost in a matter 
of months. It's hard to beat that kind of cost
effectiveness. 

The Tandberg controHer /interface is contained 
on one p.c. board which mounts Inside the Recorder, 
Power is internal from the TDC 3000 bunt-in power 
supply. Two 'nterface connectors ar~ provided so 
that the Recorder can be connected both to a local 
l/Otermlnal (such as the Tandberg TOV 2100 Series 
CRT terminals) and a modem for remote operation. 

Thirteen standard baud rates, 76-9600, are user 
eelectable. Data buffers range from a minimum of 
256 bytes up to 1024 bytes. The controller I interface 
responds to all ASCH command codes. Read and 
write sp$ed is so lps and search speed 90 ips. 

And for special communications requirements, 
the 6800 microprocessor allows the Tandberg con .. 
tro11er /interface to be OEM~customer programmed. 

Conceived in the mgged Norse heritage, the 
Tandb&rg TDC 3000 is no wilting lily when it comes 
to tough envlr~nments. Put it to work in subzero 
snow country or under a desert sun and don't worry 
about the bad vibes or emissions from nearby equip-
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ment. The TDC 3000 is engineered to roll with 
environmental punches. . 

You might ask us about some of our more dif
ficult applications. Modular construction of the TDC 
3000 enables the user to configure a system to in
dividual needs. Applications include minicomputer 
input/output, mlnieomputer pei:ipheral storage, ter
minal peripheral storage, software distribution, data 
entry via keyboard, local data collection, data trans
mission, and text editing. And a few other things yet 
to be dreamed up. 

Besides RS-232, Tandberg Data provides TDC 
3000 interfaces for HP 21 MX, PDP 11 , 8080 Micro
processor, AN/UYK-20' and 8-bit parallel general 
purpose. All give up to 48K bits transfer rate. 

Tandberg Data Inc. 
4060 Morena Blvd. 

an Diego, California 92117 
~_..-\_ (714 ) 270-3990 

---------------........ -------.....---Gary E. Pyles, Sales Mgr., Tandberg Data Inc, 
40()0 Morena Blvd., San Diego, CA 9211 7 
I'd like to know more about the RS-232 c-0ntroller /interface for 
your TDC 3QOO. Please send me the RS-232 data sheet arid have 
a Tandberg engineer give rne a call to discuss my needs. 

Name _ _________ Posltlon ____ _ 

Company: _______________ _ 

AddreSS·---~------------
City ____ ______ StClte ___ Zip __ 

Phohe----------------~ 



Grinnell has your display ... 

from low cost imaging and graphics 
to full color image processing 

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

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

GR 

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

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

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

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

s 
2986 Scott Boulevard , Santa Clara, Cal ifornia 95050 (408) 988-2100 



THIS MONTH 
Features 

26 The Microdisks are Coming 

January 1979 
Volume 9, No. 1 

Can floppies meet 16-bit microcomputer mass storage require men ts? 
Digital Design went behind the scenes to examine a promising alternative -
the microdisk. 

30 Here Come the Microdisks 
With minis and now micros entering new applications, floppy disks can ' t pro
vide needed capacity. The 8" disk ("hard disk") promises to fill this niche. 

36 Universal Controller for Tape-to-Intel Multibus 
Despite its universal transferability and standardization of recording format, 
the farther you get from half-inch magnetic tape, the greater the interface 
variations. To this end, MTC-80 bridges variations to link industry-standard 
interfaces . 

42 Cartridge Drives Store Megabytes at Low Cost -Cover Story 
l fyou're looking for a compact and economical medium for storing multiple 
megabytes of a data, consider the ANS l/ ECMA \/,i-in data cartridge. 

54 The Arab Printer and Computer Market -Mideast Report 
Interested in selling computers to the rich Arab market? Here 's how to sell 
computers and electronics to that marketplace, yet avoid the fate of cer
tain firms. And if you're thinking of spending time there , financial rewards 
are high for programmers and engineers. 

62 Magnetic Media Surfaces-Interview 
With minicomputers being found in factories, offices and warehouses, magnetic 
media cleaning is mandatory. 

DeP.artments 
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ON OUR COVER 
"The Funnel," a 6400 bpi digital cartridge 
tape drive is the sole tape peripheral for the 
Basic/Four System 200 computer system. 
This cartridge drive serves as tape back-up 
for an in tern al Winchester-technology fixed 
disc drive. (Photo courtesy Data Electronics, 
Inc. 

DIGITAL DESIGN 
Publication Number: USPS 407-010 

Published monthly by Benwill Publishing 
Corp., a Morgan-Grampian Company, 1050 
Commonwealth Ave., Boston, MA 02215. 
Application to mail at controlled circulation 
rates is pending at Long Prairie, MN 56347. 
Copyright © Benwill Publishing Corp. 1979. 
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UPON DEC! 
PDP-lI®LINE PRINTER CONTROLLER 
For Centronics® or Dataproducts Type Printers 

Operates on any PDP-11 computer without 
hardware or software modification. 

Incorporating low power Schottky TIL logic 
and a unique self-test mode for simplified 
installation, the DLP-11 Line Printer 
Controller comes complete with all cables 
and connectors. 

Immediate delivery. $750 
Single Quantity 

OEM and quantity 
discounts available. 

NEW! From 
Datasystems 

DATASYSTEMS . . .. ,' ·j, ····!.&·:-.w • · ~a..: • .. •: : .... 
Datasystems Corporation 
8716 Production Ave. 
San Diego, CA 92121 
(714) 566-5500 

·i!. "! .. ~ 

"DEC and PDP are registered trademarks of D1g1tal Equipment Corporation 
•Centromcs is a req1stered trademark of Centromcs Data Computer Corporation 
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LETTERS 
Engineers are Individuals 
Dear Editor: 

Mr. J .N. van Lingen [Speakout, Oct. 
1978] contradicts himself. He first 
states that it is very diffi cult for an alien 
to obtain a "green card," and then tells 
us of the '" Brain Drain " of the 50's and 
60 's. If the " Brain Drain '' engineers 
could be imported from Europe in great 
quantity , there is no reason to believe 
that the same thing isn't done today 
from Asia, Africa and South America! 

I do not agree with Mr. Feerst that 
these engineers are a serious problem to 
American professionals. They are only 
a threat to the engineer who doesn't 
continue his education and update his 
skill s . 

The rea l threat to engineers are em
ployers who have noticed that while 
laborers. secretaries - and yes, even 
managers - now join unions to protect 
themselves and further their finances. 
we individualists , creators and en
gineers will work long hours for rela
tively 'low pay under adverse condi
tions . We eng ineers do thi s because we 
love our work. We are like school 
teachers of a few decades ago that 
taught for love of teaching. frontier 
doctors who healed for love of human
ity. and circuit riders and missionaries 
opening new frontiers. We can be taken 
advantage of, short changed. and 
passed over for promotion because we 
love our work . An engineer's work is 
his life and a part of him (ask his wife). 

But thi s engineer may fast follow the 
Passenger Pigeon into extinction. Shot 
at from all sides by wage slashing. by 
lack of pensions. by being '"too well 
qualified." and government regula
tions. he could disappear from the face 
of this earth and be replaced by a "'New 
Breed" of engineers that could be
come. like the " New Breed" of teach
er, turning out functional illiterates . He 
could become . like the '"New Breed " 
doctor working in a clinic with many 
specialists. yet earning a fortune. a text 
book problem solver. immune through 
being anonymous. 

If this happens, the U .S. will take a 
back seat in new technology to devel
oping nations and foreign nationals will 
then flock back home : and probably. 
the few remaining real engi neers could 
succumb to a reverse brain drain -
drawn away not by money. but by the 
lure of being able to practice engineer
ing under good conditions . 
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I hope and pray this never happe,ns . 
However. until employers recognize us 
for our contributions, until they treat us 
as valuable individuals instead of 
square pegs that don't fit the neat round 
holes in organizational charts, and until 
engineers are treated and compensated 
well, this country will continue its 
technological slump. 

Problems are crying for solutions, 
yet e·ngineers are used as draftsmen! 
We import millions of barrels ofoil and 
engineers redesign toilet seats to com
ply with O .S .H.A. regulations! There 
are millions of people unemployed and 
engineers are forced to defend the de
sign of an auto that. due to front wheel 
drive , goes out of control if drivers re
lease the steering wheels. 

It is time to use our greatest resource , 
our engineers. fully. To do this , they 
must be compensated fairly . But they 
do not need protection from competi
tion . Instead. they need a fair chance to 
do their work and will welcome any and 
a l I. aliens or not. to compete for the 
best design . 

Engineers must remain individuals 
or perish. 

Frank D . Gross 
Manager E.L. Dept. 
the Pannier Corp. 
207 Sandusky St . 
Pittsburgh . PA 15212 

No Exams? 
Dear Editor: 

In the October Speakout ("Nothing Is 
Impossible") you mentioned American 
International Open University in St. 
Louis. You stated that several promi
nent IEEE personalities are connected 
with it and asked if we should have 
more of this kind of education. I disag
ree. The answer must be an emphatic 
NO! 

AIOU is a non-accredited "school" 
that awards degrees up to and includ
ing the Dr. Eng. to applicants. There is 
no full-time faculty, there are no for
mal course offerings, and there are no 
examinations. AIOU's existence 
cheapens our hard-earned degrees and 
IEEE's involvement with it shows how 
little IEEE cares for the working EE. 
Two former members of IEEE's Board 
of Directors - Mr. John Guarrera (a 
former president of IEEE) and Mr. 
Richard Benoit (a former Director 
from Region 1) - have received doc
tors "degrees" from AIOU. Indeed , 
Mr. Benoit refuses to answer when he 
is asked if he possesses even a bachelors 
degree. What's worse is that these in-

dividuals use the title " Dr." on their 
IEEE correspondence. IEEE's involve
ment is clear when one considers that 
the organization's monthly magazine, 
Spectrum, carried an article about 
AIOU in their February 1977 issue. 

Recently, I spoke to a group of 
IEEE members in St. Louis and, by 
coincidence, was booked into a hotel 
one-half block away from AIOU. Na
turally, I walked over to inspect their 
campus - all 600 sq. ft. of it. That's 
right : AIOU is located in an office 
building. The largest single piece of 
lab equipment I observed was a Xerox 
machine! 

One mark of a viable profession is 
the willingness of its members to de
fend their credentials. We EEs m ust in
sist that only earned degrees from legi
timate institutions be recognized. Un
happily, the president of IEEE (Suran) 
has an honorary doctors degree , yet 
insists on using the title. 

Irwin Feerst 
Committee of Concerned EEs 
Box 19 
Massapequa Park, Y 11762 

P.S . In a new development, IEEE 
Spectrum has allegedly received an 
advertisement from an unknown open 
university. IEEE wisely refused to ac
cept it. Unfortunately, however , the 
unknown open university then threat
ened to sue, possibly forcing IEEE to 
have second thoughts about refusing 
the advertisement. 

Ed. Note: How do you feel about 
"open universities"? If you approve, 
circle 28a on the front of the Reader 
Inquiry card; or if you disapprove, 
circle 28b. 

Can't Find Time 
Dear Editor: 

In your October Speakout , "Nothing 
is Impossible ," you stated that "Al
though not a true mail-order univer
sity, American International Open 
University awards PhDs without previ
ous degree , formal work or attendance 
requirements, and has no full-time 
faculty ... Awarding degrees for ex
perience sounds noble. Should we see 
more of it?" Yes , I believe that we 
should see more of such schools. There 
are many technicians who deserve de
grees but cannot find time to attend 
engineering colleges, so it is an idea 
whose time has come. 

Robert Channey 
38 Circle Dr. 
Bristol , RI 02809 
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A Beautiful 
Way To Interfaee 



SPEAKOUT 
George King, Editor 

OUR NEW YEAR'S 
RESOLUTIONS 

'Tis the season for instrospection and new year 's resolu-
tions . Just as many of you do , we , the editors of this 

publication , pick this time of the year to examine what we 
have done during the past 12 months to determine how we 
could improve DIGITAL DESIGN. Based on what we have 
found, we, too, have come up with a number of resolutions 
to upgrade our magazine. 

First, let's restate what area in the enormous range of 
present day technologies we have aimed this magazine's 
coverage. We publish DIGIT AL DESIGN specifically for en
gineers and their managers who design components , subsys
tems and systems that function within a field whose least 

common denominator is best defined by the use of digitally coded information. Thus, this maga
zine goes to those who design and specify modern digital systems or components in one form or 
another and who must find answers to the kinds of questions that implementing equipment for 
the digital world poses . Collecting, selecting , generating, controlling, measuring, sorting and apply
ing digital information - these are the significant areas common to so much of modern electronic 
equipment and systems. 

We try to help all of you who deal with digitally-based systems within such fields as manufac
turing, chemical processing, machine tools , packaging, data processing, communications , instru
mentation , testing , computers and its peripherals - in short, all and any areas in which the applica
tion of digital services makes design and economic sense. 

To cover digital design, we discuss and illustrate these topics: • Semidonductor devices : micro
prcessors , RAMS, ROMs, CCDs , bubble memories, 1/0 chips, DACs, ADCs, codecs - all the chips 
necessary to design and build system circuitry ; • Computers, micro, mini and macro - their design 
and application to many different types of systems ; • Computer peripheral equipment and ma
chines - their design and their interface with dedicated and time-shared computers; • Digital equip
ment, systems and instrumentation - their interface with the analog world of sensors and data 
transmission lines ; • Software and languages - to help digital system designers program their 
equipment ; and • Design tools and debugging techniques - instruments and equipment to shorten 
the design cycle. 

During the past year , we have published technical and product news, plus a large number of fea
ture articles on a large number of different topics. We have aimed this mass of published material 
at supplying research, development and design information to plan and build systems with micro
processors , various size computers , input /output peripherals , semiconductor circuitry and the ne
cessary hardware. We resolve to continue to supply the same type of infomation - only more of it, 
in greater depth , over a broader scope , yet more adaptable to the designer 's job at hand. 

Promises, promises, promises - they 're easy to make , but hard to keep . However, we mean to 
keep them , because we are expanding our full-time editorial staff with people who are experienced 
design engineers. 

And we mean to make 1979 the year we help you more than ever before do your job better, 
because of the information you find in the pages of DIGIT AL DESIGN. 
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There Is No Better Way To Present Your Data 
IDGH QUAUIY GRAPIDCS MACHINE INDEPENDENf 
~:>ISS~L~ software puts truly ~rofessional graph- FORTRAN LIBRARY 
ics w1thm reach. No longer is art department 
touch-up necessary. Total flexibility permits tailor
ing of XY-diagrams, bar charts, pie charts, maps, 
3-D plots, and annotation to all special needs. 
Graphics for publications, presentations, manage
ment reports and internal documentation can be 
produced quickly and correctly. At last, sophis
ticated presentation methods can do full justice to 
advanced analysis techniques. 

DEVICE INDEPENDENf 
DISSPLA can drive any graphics device whatso
ever; our users have Broomall, CalComp, Gerber, 
Hewlett Packard, Houston Instrument, Xynetics 
and Zeta pen plotters; Gould, Varian and Versatec 
electrostatic plotters; DatagraphiX, DICOMED, 
III, Singer and 3M microfilm recorders; Chroma
tics, Computek, Tektronix, and Vector General 
CRT's ; and many others. If it can draw a straight 
line, DISSPLA can plot on it. 

oococcocoooo 

000000000000 

DISSPLA is currently operating on all large-scale 
Amdahl, Burroughs, CDC, DEC, Hewlett Packard, 
Honeywell, IBM, TI, UNIV AC and XDS systems, 
plus the Harris midicomputer. The DISSPLA 
routines may be called from FORTRAN, PL/I, 
COBOL, ALGOL, etc. 

EASY TO USE 
High level commands with easily remembered 
mnemonics, sensible defaults, minimal parameter 
strings, and clear diagnostics make this available 
to any user, not only graphics experts. Extensive 
documentation and user training is provided. 

Display Integrated Software System and Plotting LAnguage 
A proprietary software product of ISSCO 

l.E'CD@ 
Integrated Software Systems Corporation 

4186 Sorrento Valley Blvd., San Diego, CA 92121 (714) 452-0170 
In Washington, D.C.: 
Applied Urbanetics, Inc. 
1701 K. St., NW 
Washington, D.C. 20006 
Phone (202) 331-1800 

In Europe : 
Repko b.v. 
van Blankenburqstraat 58 
The Hague, Holland 
Phone : 070-608425 



TECHNOLOGY 
TRENDS 

Floppy Proliferation Causes Big Problems for Buyers and Sellers 
More and more computer manufactur
ers , systems houses and larger end
users are employing some type of flop
py disk drive in their systems accord
ing to members of the Applied Data 
Communications' Staff. Because of 
this enthusiastic acceptance, the tech
nology is changing at a rapid rate. 
Like many other users of large num
bers of these drives, Applied Data 
Communications has discovered the 
hard realities of managing drives and 
media from several different vendors 
who have marketed products in dif
ferent stages of the technology over 
the last few years. 

Today, the floppy disk drive per
mutations are staggering. Let's look at 
all the variables : single/double density , 
single/two sided and standard-size/ 
mini-size . Multiply these variable by a 
wide variety of formats for the pos-

Pulse 
Generator 

Input/Output 
Control 

External Device 
Interface 

r 
0 

"' n· 

sible configurations with hard or soft 
sectoring or both. 

As a manufacturer of microcomp
uter-based systems for OEM scientific/ 
engineering applications and end-user 
business systems, Applied Data Com
munications relies heavily on floppy 
disk drives for basic data storage in its 
systems. Because it had to meet on
going problems of receiving inspection, 
testing and evaluation of various 
brands of drives and media, the com
pany needed a versatile tester and un
til now could find nothing on the mar
ket to fulfill these requirements. 

It decided to develop a program
mable , multiple-density floppy for
matter , to utilize different brands of 
drives with different formats. This for
matter could interface to whichever 
brand of drive the customer might 
prefer. The programmable formatter 

Program 
Memory 

8 x 300 
Microcontroller 

Floppy Disk 
Drives 

IV Bus 

Select Command 

Logic 

employs a 8x300 microprocessor to 
handle up to eight drives with multiple 
formats - any combination of 
industry standar.d and nonstandard 
ones - both single (FM) and double 
density (MFM or MMFM), as well as 
single-and two-sided. 

The Read/Write circuits enable the 
formatter to read and write single 
(FM) and double (MFM and MMFM) 
density. Double density encoding 
causes no greater flux reversal density 
on the diskette than single density. 
Although in single and double density , 
encoding data flux reversals are writ
ten in every bit cell, however, in 
double density, clock flux reversals 
and data flux reversals are never writ
ten in the same bit cell. Thus, in 
double density , you can double the bit 
packing density while maintaining the 
same flux reversal density as single 

Read/Write 
Clock 

Clock Shift 
Register 

Working 
Storage 

< 
Read/Write OJ 

Data ';:'; ....__ ....... ____ ~ 

Data Shift 
Register 

The ADC programmable mul t iple format floppy disk formatter is a ded icated m icrocomputer system mounted on a print ed circuit board 

ut il izing an 8X300 microcont rolle r and contains 256 bytes. 
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Local Sam ple 

Sam ple 

Voltage 
Control led 
Oscil lator 
(1 0 MHz) 

the 70F-600 formatter. It includes 
routines for Read/Write maintenance, 
error testing , variable stop rate and 
window margining for bit shift with 
the capability of multiple test 
sequencing and repeats. 

Source Frequency I 
Select Phase 

Frequency/ 
Phase Freque ncy 

Compensa tion 

ADC's larger floppy drive OEM 
customers, which manufacture main
frames, terminals and system bought 
these testers. This tester not only al
lowed them to check out purchased 
diskette drives without tying up one of 
their systems, but they soon discover
ed that once they'd tested the drives, 
they could use that same station to 
initialize media and to produce mul
tiple copies of diskettes from one 
master. 

Comparator Select 

CN 3 

FM CN 4 

Clear Counter 

Selectable N/ 2 

Programmabl e N/20 

Formatter uses a phase-locked loop oscillato r (P LO) type data separator. Once syn
chronized , the PLO tracks the recorded info rmat io n and generates the windows for clock 
bits. The data separator circu its ad just t hese wi ndows according to the type of recording be
ing used - FM , MFM or MMFM . 

Shortly thereafter, ADC began 
using minifloppies. Its engineers re
wrote the software for the tester and 
redesigned it to accommodate stan
dard 8" and the newer 5 1 /4" diskette 
drives. This piece of equipment, the 
70T-400, tests standard and mini 
drives and media and initializes both 
sizes of media. The tester can be used 
as a media conversion station and also 
provide multiple copies of the floppy 
disks for mass distribution of the up
dated programs. 

density. Data recovery in double den
sity is different , however. Since the 
double density bit rate is twice as great 
as single density , it halves the time 
available to detect flux reversals in 
MFM. In MMFM you can take advant
age of the encoding characteristics 
and allot 60% of the bit time for de
tecting data flux reversals. 

The finer resolution required by 
double density requires using phase
locked read recovery in which the read 
timing tracks the instantaneous bit 
rate from the disk drive to achieve the 
required precision . Write precompensa
tion which also helps achieve better 
resolution is the minor adjustment of 
the time at which flux reversals are 
written to compensate for predictable 
bit shifting due to flux reversal crowd
ing. Usually write precompensation is 
only required on the inner tracks 
where the flux reversal density is high
est. Therefore, the formatter can 
enable or disable write precompensa
tion as necessary. 

When ADC's 70F-600 formatting 
unit is implemented with a controller, 
a formatter and one or more floppy 
disk drives, the host CPU, under 
program control, can operate up to 
8 floppy disk drives. The single board 
formatter performs all the overhead 
functions necessary to format floppy 
disks in single or double density , 
position the head (Seek) and Read or 
Write data . Because the formatter is 
intelligent , it can perform functions 
such as Format Track, Format Disk, 
Read/Write 1 to 255 Sectors, and 
Write with Automatic Verify of CRC, 
or Data and CRC. The host device can 
specify all the soft-sectored track for
mat parameters. In addition, the ROM 

on the formatter stores one default 
set of parameters which the user 
can specify. 

The 70F-600 controller became the 
heart of a programmable multiple 
format floppy drive test system. The 
first version of that system, called 
70T-300, was designed specifically to 
test standard 8" floppy disk drives and 
media. This system uses an ADC Series 
70 micro-computer system and a 
special controller board, interfaced to 

Bi-Directional Data (8) 

The 70T-400 system provides over 
40 different diagnostics for dynamic 
testing and a much more sophisticated 

Drive Select (3) 

Step Clock _: C::: Reg. Sel. 0 -.. J C' Reg. Sel. 1 

C Reg Sel. 2 ;:~i~~~on 
Mlr:::-R-eg-. S_e_l._3---i Fig. 2 

Difference (B) 

_;: 

Series 70 
Controller 

i.-__:'---- --i C: Ready 
1111~1-M-.------i 
L.._ ISC. 

':"" Mem . Oat . Dir. 

I': Send I 10 Oat. Dir.) 

l: Write Strobe 

: Transfer Req . 

C: Clear Time Out 

""' 
Wait ... 

Clear _:: ,.. 

Multiple 
Density 
Formatter 

Head Select _: 

Head Load ·: 

Door Lock 

Track 44 

Write Data 

Write Gate 

... 
_.... 

Load Dill . ::1 
File lnop. Reset:.:: 

1..1. File lnop. -...i 

!::" Index 

I"" Track Zero 

I.: Read Data 

I.: Access Busy 

C:. Disk in Place 

!::" Head Loaded 

Floppy 
Disk 
Drives 

Seven addressable 1/0 ports provide communication paths from the 8X300 to the host 
device, t he read/write circuits and the floppy disk drives. Three 50-pin connectors on the 
board supply interfaces to the host device , the floppy disk drives, CPU bus and control sig
nals; they are large enough for system expansion . Interface signaling to the formatter essen
tially travels over 8 bi-directional data lines and 12 control state lines. Normally, the ident
ity of these signals appear as shown; however, the actual definition of any interface signal 
may be altered and is a function of the operating program for the 8X300 microprocessor in 
the formatter. Interfacing to the host device controller travels via a 50-conductor flat cable 
with al ternate wires grounded. The formatter requires only 5V at 4A to operate. 

ll\l\lllJ\DV10"7n nini+" lnr.ri l'tn 1., 
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(of Control Bl ock) 
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Password = 28 

If non zero then 
"next block address " 
is taken after this 
command is done . 
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Chain Function Command 
Code Type Function 
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Drive 

6 I 5 4 3 2 0 

Buffer Addre ss Lo 

Buffer Address HI 

Starting Sector 

Starti ng Track 

Sector Cou nt (Track Count for Format ) 

Interrupt Instruction 

Interrupt Address Lo 

Interrupt Address HI 

Next Block Add Lo 

Next Block Add HI 
6 5 4 3 2 0 

2 

3 

4 

5 

6 

8 
= N 

9 

10 

11 

12 

13 

technique for bit shift analysis. Its 
write precompensation allows you to 
select write precompensation in incre
mental amounts as small as 50 nsec. 

g 
w 

0 

The test program for the system in
cludes routines for read /write maint
enance, error testing , variable step rate 
and window margining for bit shift -
all with multiple test sequencing and 
repeat capabilities. Although the pro
gram presents the floppy disk diagnos
tics in a ready-to-use sequence, the 
user can vary it easily according to his 
needs. Also , the test system's docu
mentation presents step-by-step pro
cedures for writing additional routines , 
if required . 
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Command/Status 

R/W 

R/W 

R/W 

Top figure shows the four device 
registers in the controller that 
contain these commands for pro
gram control of the floppy disks: 
Common/Status (DB), Data (D9), 
Current Address LO (DA) and 
Current Address HI (DBI. These 
registers report status, supply 
commands and provide a Control 
Block: start address (current ad
dress registers) that defines a 13-
byte block in memory that gives 
the multiple density formatter 
its "instructions" for performing 
any disk operation. Upon initia
tion of a command (bottom fig
ure), the current Address HI and 
LO Device Registers point to the 
start of the control block , which 

· the controller never alters. 

Since the test program is prerecord
ed on a floppy disk ready to load , you 
use a pretested floppy disk drive for 
initial loading and subsequent reload
ing of the test program. A special capa
bility automatically loads this program 
when the test system is powered on. 

The tester 's operating system in
cludes a central processing unit, CRT 
and workstation desk. A rack-mounted 
version with permanently installed 
drives permits you to use the system 
exclusively for media initialization , 
conversion and copying (and not for 
testing). In various configurations, the 
system can handle 2, 4 , 6 or 8 stan
dard size drives; 3 or 6 mini size drives; 
or 2 or 4 standards in combination 
with 3 minis. The system comes with 
DC power cords and industry standard 
interface-to-drive cables , and a built-in 
interface for adding an optional 
Centronics hard-copy printer ; an op
tional interface accomodates the Tele
type Model 40 line printer. 

Pricing of the 70T-400 depends 
upon the number and type of drives to 
be tested or interfaced. Pricing ranges 
from $10,500 to $12,350 for various 
configurations. 

6800 Operates Customized Artificial Leg 
An artifical leg using a 6800 to calcu
late swing-damping can have its re
sponses modified to suit a specific 
amputee's needs. A doctoral candidate 
at MIT's Dept. of Mechanical Engi
neering, Mark Tanquary with 
assistance from George Dalrymple 
and Dr. Derek Rowell , demonstrated 
that a programmable above-knee 
prosthesis can operate unattached to 
stationary computers.The experi
mental µC fits into a hip case measur
ing only 8" x 4 1/2" x 2 3/4" and 
hangs from the shoulder , but further 
miniaturization should reduce it 
enough to fit inside the prosthesis. 
In designing the experimental version , 
space efficiency was not a priority . 

Inputs to the µC consist of ten 
voltages set by a pot. The ten voltages 
correspond to ten angle-positions of 
the prosthesis while their voltage drops 
reflect damping coefficients chosen for 
those angles. 

Position of the prosthesis, E>, is 

determined by using the variable 
resistance on a goniometer , a potentio
meter attached above the artifical knee 
with a sliding contact tied to the artifi
cial leg's lower shaft. An analog dif
erentiator converts position into rota
tional velocity , e . Foot switches on 
prosthesis convey presence of heel 
and toe contacts . 

The ten damping coefficient values , 
b(E>, sin e ) , from the pots are convert
ed into a table of b versus E> for each 
sin e by the 6800 in about 40 µsec. 
When the prosthesis is in use and the 
µP receives values for E> and e , the 
desired damping torque is calculated 
from the experimental formula : 
T=b(E>, sign e ) e 2 • This formula, dev
eloped outside of MIT, is generally ac
cepted in the physical therapy field as 
approximately accurate . We feel that 
further research may show e's expon
ent is not exactly two. The damping 
torque is achieved by sending current 
to a dissipative device called a magnet-
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This block diagram ill ustrates how a microcomputerized artifical leg can be made to simu
late natural leg activities, customizing a prosthetic leg's response by constantly switching 
to a different set of characteristics with the wearer' s movement . 

ic particle brake (MPB), housed in the 
prosthesis. 

Currently b(8, sin e) is determined 
experimentally by the observations of 
Mark Tanquary and Steven Cornell , 
the cooperating amputee . Other MIT 
researchers, such as Donald Darlin g 
(who is working on damping profile 
optimization with a PDP 11 /40), 
also are providing information on im
provement of the b(8, sin e) graph. 

While the memory is too limited to 
catalog all incoming data , cumulative 
values are kept of maximum heel rise , 
average duration of weight bearing and 
average swing velocity. Recognition of 
stumbling causes detailed information 
to be recorded for preventive future 
modifications in programming. 

Power requirements for the exper
imental model are SY at l. 2A. On 
NiCad batteries , the unit runs for 3.5 
hours, but on a lithium battery , it can 
run for 20 hours. Future models will 
consume even less due to technical ad
vances and elimination of unused chips 
that were included in the experimental 
model just in case they were needed 
later. - Joel Zimet 

Cryogenic Power Source Supplies Josephson Junctions 
IBM is pinning its hopes for a super
computer on the Josephson junction 
and has had some recent breakthroughs 
in this promising technology. One of 
the remaining obstacles, the power sup
ply , has been overcome. 

Designed to maximize the electrical 
characteristics of Josephson junction 
circuits and to cope with the electrica l 
problems of ultra-high speed opera
tion , an innovative IBM circuit design 
provides the power supply for the cir
cuitry. The power supply, like other 
Josephson circuits , operates in a cryo
genic environment at the temperature 
of liquid helium - 4.1 °C above abso
lute zero, or - 273°C. 

Under development at IBM Re
search, Josephson logic and high-speed 
memory circuits have the operating 
characteristics shown in Fig 1. The fig
ure shows the relationship between the 
current in a control line and the cur
rent in the Josephson gate. 

Gate signal resets the latch 

A control signal puts the latching cir
cui t into a resistive state, where it re
mains regardless of subsequent control 
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signals. Can the circuit be reset to the 
zero resistance state? The circuit can 
be reset to the zero resistance state by 
turning off the gate current. Thus , the 
power supply must turn off gate cur
rent at each cycle, or every 5 nsec. (As 
circuits are made smaller , time will be
come shorter.) 

In each cycle, control curren ts 
switch some Josephson circuits into 
the resistive state. ow, because Jo
sephson switching is fast, this happens 
in about 50 psec . Each circuit supplies 
control currents to several other cir
cuits so that in the 5 nsec cycle, a 
complete operation (such as the addi
tion of two numbers) can be carried 
out. The supply then turns off the gate 
currents, resetting the circui ts for the 
next cycle. 

Voltage regulation presents problems 

Unfor tunately, complications exist. 
Since Josephson circuits operate at 
low voltage levels , the supply is de
signed to deliver 10 mV ±10% and 
must ho ld voltage to within 1 mV. 
This is no easy tas k with J osephson 
circuits, because when they switch, 

Gate Cu rrent 

Control 
Current -

Fig 1 Basic switching operation is from zero
voltage (Josephson) state under the curve 
to the resistive state outside the curve. 

t 

Voltage-

2 .5mV 

Fig 2 Josephson junction current voltage 
curve shows regulation at 2 .5 mv. 
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The DEC® RX02 - Compatible 
Flexible Disk System with 30 day delivery. 

Our new DSD 440 records data in both 
DEC double density and IBM 3740 single density 
formats. It is 100% software , hardware and 
media compatible with DEC LSI-11, LSl-11/ 2 , 
PDP-11 and PDP-8 computers including those 
equipped with extended memory. The DSD 440 
can be set to emulate either the RXOl for 
downward compatibility or the RX02 for in
creased storage capacity and throughput. 

Hardware Bootstrap 
A 512-word hardware bootstrap is built into 

the interfaces for the PDP-11, LSI-11 and 
LSl-11/ 2 systems . In addition to bootstrapping 
both single and double density configurations , it 
also performs diagnostics on the CPU memory, 
and the disk interface and controller. 

"Hyperdiagnostics" 
Microprogrammed self-diagnostics are built 

into the drive and controller unit. User-selectable , 
stand-alone "Hyperdiagnostics" simplify main
tenance and alignment procedures. 

The DSD 440 data storage capabilities 
include write protection , power loss data protec
tion , single track and complete diskette format
ting. Diskettes can be formatted using sequential 
or user-selected sector interleaving . Special sector 
interleaving schemes can be implemented during 
formatting to improve system throughput . 

Megabyte System 
This powerful megabyte flexible disk system 

is packaged in a low profile 51/4-inch chassis . 
The DSD 440 is being shipped in quantity 

now. Delivery is 30 days . 
To find out more about it , contact Data 

Systems Design today. A data sheet and price list 
will be forwarded to you immediately. 

~ 
3130 Coronado Drive. Santa Clara. CA 95051 

(408) 249-9353 TWX : 910-338-0249 
® Registered trademark of Digi tal Equipment Corporation 
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Fig 3 Input to the Josephson power regulator circuit is a sine wave. The circuits clip this 
into the wave form shown . 

current drawn from the supply 
changes in 10 psec, inducing a voltage 
in the supply proportionate to its in
ductance and rate of change. The Jo
sephson circuit power supply must 
keep induced voltage below 1 mV, 
despite this rapid change. 

IBM researchers overcame this 
problem by putting the Josephson 

junctions that regulate power supply 
voltage on the same chip as the logic 
circuits to minimize inductance , which 
is largely a function of the supply-to
circuit line length. 

Four 2 .5 mV junctions in series 
supply the 10 mV level desired to 
drive the logic circuits and to localize 
disturbances caused by switching. 

Supply synchronizes logic circuits 

The power supply's second job is to 
switch current on and off every 5 
nsec. The externally applied 100 MHz 
sine wave enters the supply and inter
acts with the Josephson circuits ac
cording to their current-voltage char
acteristic (Fig 2 ). In the 2 .5 m V re
gion of the current-voltage curve, vol
tage is regulated , clipping the top and 
bottom off the sine wave (Fig 3). What 
is desired is a wave shape showing a 
constant voltage for a half-cycle (5 
nsec) followed by a rapid decrease to 
zero. Because Josephson junctions 
have the same characteristics in both 
directions of current flow, both posi
tive and negative half-cycles are used 
to provide two cycles of logical opera
tions during each period of the sine 
wave . This arrangement also permits 
using a simple external power source -
a sine-wave generator. 

An additional advantage of supply 
circuits being on-chip with logic cir
cuits is that the supply itself synchro
nizes logic circuit operation. No sepa
rate clock signal is requi'red . - Snigier 

add smarts to YOUR terminal 

CASSETTE OR MINI - FLOPPY 

choose either of INTERDYNE 's 
intelligent buffered term i na Is 

Now from one source you can pick both mini-floppy and cassette models 
with the same command set and RS 232 C serial interface. For a lot less 
than the cost of an intelligent terminal you can have a text editor, store & 
forward , off-line print station or add-on memory. Features include: file 
directory, line or paragraph insert with single drive and high speed block 
search . You can be operational in minutes for as low as $1950. 
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14761 Califa Street, 

Van Nuys, California 91411 
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If you buy or sell standard and 
mini floppies, you've got 3 proble01s. 

Here's the solution to all three. 
Applied Data Communications' new 70T-400 

is three s yste ms in one: 

1 Simulta ne ous Standard and Mini Floppy Drive and Media Test System that 
measures bit shift and provides programmable write precompensation. 

2 S tandard/ Mini Media Initialization System for all industry standard formats -
single/ double density, single/ two-sided, hard and soft sectored. 

3 Standard/ Mini Media Conversion and Copying System that can directly transfer 
data from standard floppies onto mini 's (or vice versa) and produce multiple copies from 
one master . 

Discuss yo ur flo ppy pro blems with the floppy experts. Ca ll or write to: 
Cha rles A . M o rrissey, Vice P res ident - Marketi ng, Ap plied Da ta Communications, 

1509 East McFadd en Ave nue, Santa Ana , Ca lifornia 92705 ; (7 14) 547-6954 . 
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sales and service throughout the U.S.A . 
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USING 
OUR 
CARTRIDGE · 
DRIUEFOR ., 
WINCHESTER 
DISK 
BACKUP 
IS BETTER 
THAN 
PLAYING 
DISK 
JOCKEY. 



If your mini-computer customer looks 
like a disk jockey, maybe it's time 

you gave some thought to 
our cartridge tape drive 

for Winchester disk 
backup. 
Our increased capa

bility 14" cartridge tape 
drive does the work of 
an arm load of floppies. 
The Funnel;M as we call 

our 6400 BPI High Density 
Cartridge Tape Drive, fea

tures four-track serial recording 
and boasts a transfer rate of 192 
kilobits per second. 

And with its ability to store up to 17.28 
Megabytes on a single cartridge, 
it has about 17 times the capacity 
of the latest double density, double 
sided floppy. 

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

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

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

Call (213) 351-8991, or write The 
Funnel, Data Electronics, Inc. , 370 
North Halstead St., Pasadena, Ca. 
91107. Telex 67-5327. 
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TELE-DATA 
COMMUNICATIONS REPORT 
Douglas C. Mason 
Computer Transmission Corp. 

Communications 
Programming 

In our context, communication is 
simply the transfer of information 
from one entity to another. Regard
less whether space, time, air or 
wires separate these enti ties , com
munication occurs when compat
ible and meaningful information 
spans this gap and is transferred. 

To explore this definition, Jet 's 
consider three examples from a 
variety of environments: a person 
speaking to another person, a pro
gram writing a file onto a disk drive 
and a capacitor charging. 

In the most obvious example, 
when a person communicates with 
another, three things must happen. 

First, they must be able to pass 
information back and forth in a 
variety of ways, such as mouth via 
air to ear, or hand via teletypewrit
er to eye. The sensory inputs to the 
human and the linkages used (air, 
typewriter) may vary and are nu
merous . Note also that in the inter
change errors can occur , due to 
such sources as sound or typograph
ical mistakes. 

The second step involves a com
mon means for exchange of infor
mation. The form of data transfer 
must be understood at both ends 
to be effective - in language (spo
ken words) and signs . For transfer 
in language, both parties must un
derstand the language used for a 
transfer to really take place; for 
transfer in signs, a more universal 
interchange might occur based on 
some concept common to both 
parties (such as experienced by a 
traveller in a foreign country who 
doesn't know the language). 

For the third step to occur, the 
higher level information content of 
the exchange must be understood. 
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For example, an interchange be
tween an electronic engineer and a 
programmer , in which the engineer 
relates his current involvement in 
building a board with a certain kind 
of chip, may fall on deaf ears, if the 
programmer has no idea what an in
tegrated circuit is. 

Now let 's apply the three steps 
in a person-to-person communica
tion just outlined to the second 
two examples , that of program 
writing a file onto a disk drive , and 
capacitor charging. 

In program writing , the means of 
transfer may be via input /o utput 
operations over some common bus , 
or via direct memory access to the 
CPU's memory. In capacitor 
charging, the transfer takes place 
via an electrostatic field through 
the dielectric to the two plates of 
the capacitor. The "language" used 
in writing must be some compatible 
data structure on the word level 
(for example, mapping a 32-bit 
word in the CPU to 4 bytes on the 
disk). For charging the capacitor, 
the unit of interchange is charge, 
because as one electron flows on to 
one plate , another flows off the 
second plate in response to thee
lectric field . 

The higher level of communica
tion must be apparent. For the 
disk , some file-oriented structure 
must exist or else the information 
can never be retrieved. For the ca
pacitor, the idea of charging is 
pertinent to such a device. If we 
were to hook a resistor across it 
instead of a battery, nothing much 
would happen. 

Typically, a communications de
vice is associated with the transfer 
of information from one point in 

space to another (or it could be a 
point in time). Such devices may be 
as simple as two teletypewriters 
connected by a 10-mA current pair 
of wires, or as complex as a Pacuit T 

switching network . In any case, 
we can associate the processes relative 
to the functions and control of these 
devices to common concepts. 

Programming is used either in the 
control or operation, or both as
pects, of many communications 
devices. The problems encountered 
in such programming range from 
mundane to the esoteric, from sim
ple questions in a 500-word pro
gram to complex interactions in a 
I28,000-word data switch. As 
variable as the field may be , some 
commonalities tie these programs 
together. Some of the more obvious 
are: the event-driven nature of 
such programs, the tailoring of 
such programs to speed or memory 
constraints and the quality of most 
programs where the program is de
signed to meet the needs of a de
vice rather than of a user. 

We can note that in event-driven 
programs the transfer of data is 
typically done in discrete quanta 
and thus the processing, itself, of 
these quanta provides event-driven 
characteristics. Constraints, such as 
doing it twice as fast in half the 
speed avai lable, are the program
mer's bane . However, for commu
nications devices, timing is often 
critical and usually tricky. Meeting 
a device's needs acknowledges that 
the design is usually optimized to 
the communications job to be per
formed and not lo the user. This 
requirement profoundly affects 
the overa ll design of a communi
cations program . 

Thus, we see that the type of 
job and device that it relates to 
characterize communications pro
gramming. Often, special critical 
areas in the field of comm unica
tions are not present or not im
portant in other areas of pro
gramming. 

ABOUT THE AUTHOR 

Doug Mason holds a BS and an MS 
from the California Institute of 
Technology. Doug joined Computer 
Transmission in 1974 and worked 
on RJE equipment, front ends and 
circuit/packet switched networks, 
and is now assistant director of 
product development at TRAN. 
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Other people make them, of course. But you can't 
get them in volume. Unless you're willing to wait a very long 
time. And in this business a printer you can't get is about as 
useful as all those wonderful products that haven't been 
invented yet. 

Even if you did have a wide variety to choose from, 
you'd probably choose our Matrix printer anyway. Micro
processor control makes it efficient, fast and reliable. And 
it's programmable from your computer or optional keyboard. 

Bidirectional printing and paper feed gives you true 
graphics capabilities. Special character sets, including foreign 
language alphabets, provide incredible flexibility. And when 
you add the optional keyboard, it becomes a remote 
communications terminal. 

Matrix is compatible with all industry standard RS-232-C 
or parallel interfaces, so you can plug it in just about anywhere. 

If you need a good matrix printer in volume 
and you can't wait forever, contact one of our local 
sales offices or the Director of OEM Sales, 
Microdata Corporation, 17481 Red Hill Avenue, 
P.O. Box 19501, Irvine, CA 92713. Telephone: 
714/540-6730. TWX: 910-595-1764. 

SALES OFFICES 
Boston 617/890-2020 
Chicago 312/364-5820 
Los Angeles 714/533-8035 
San Jose 408/245-5013 
Washington, DC 703/620-3995 

Microdata ©E~ ~~ 
A significant difference. 



THE MICRODISKS 
ARE COMING 
George King, Editor 

Persistent rumors plac~ 12 companies 
in the 8" hard disk (microdisk) drive 
market, acc~rding to a Shugart spokes
man. Although a drive of this type 
would certainly be compatible with 
his company's marketing emphasis , 
Shugart does not plan to introduce a 
microdisk drive in the near future. If 
Shugart doesn't, who does? Even 
though we asked at least I 0 or those 
most likely to be interested in enter
ing the market, only International 
Memories, Kennedy, Micropolis and 
Pertee answered our request with a 

positive answer. And only three of 
those four filled in our mailed ques
tionnaire with enough information to 
help us compile the rudimentary 
chart of what designers can expect 
from microdisks when they become 
avaihble. 

In place of specific information , 
one of the four respondents , Pertee, 
allowed us to interview William T. 
Chambers , a division vice president of 
marketing. Although a great deal of 
what he said parallels and reinforces 
the material Stuart Mabon , Micropo-

8" MICRODISK DRIVES 

Company lnternat. Memories Kennedy 

Approx Size 
L x W x H (in .) 19 x 8.5 x 5.25 15 x 8.5 x 5.25 

Approx Wt 
(lbs) 22 15 

Head Position . Track Following Track Following 
Technique Servo Servo 

Power Used 
(watts) 100 NA 

Voltages ±5V, 5 Vdc, 36 Vac RMs 

Bit Density 
(bpi) 5868 5280 

Storage Cap. 
(megabytes) 11 12 

Compatible With? NA (See Comment) 

Formatter? NA Not yet determined 

Price W/0 Formatter 
(lots of one) NA NA 

Introduction Date End of 1st quarter, 1979 2nd or 3rd quarter, 1979 

lis , presents in " Here Come the Micro 
disks" , published elsewhere in this 
issue, the following paragraphs digest 
what he talked about. 

Expecting 8" microdisk drives to 
use Winchester technology , Bill 
Chambers does not forsee his com
pany 's first units using a fixed sector 
format. Although Pertee is aiming a 
physical package that would fit in 
the same space as the standard 8" 
floppy disk drive , he does not be
lieve that a product could be de
signed that simply replaces the floppy 

Micropolis Pertee 

15 x 8 .5 x 5.25 15 x 8.5 x 5.25 

20 NA 

NA Track Following 
Servo 

NA NA 

NA NA 

NA NA 

25 20 

NA NA 

Yes Optional 

NA NA 

NA NA 

1979 

Comment: Designed to be used w ith a microprocessor-based controller, this 8" microdisk drive contains an 8-bit bidirectional bus that 
transfers address information to the drive and also provides status information to the controller . Separte from the bus, radial 
l ines carry high-speed data and clock signals to or from the drive. 
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without making other changes. The 
microdisk controller, for one, must be 
capable of operating at higher data 
rates than existing floppy controllers. 
Redesign could produce a single-board 
controller that could serve the two 
types of drives . 

Power consumption also compli
cates the direct replacement of an 8" 
floppy with an 8" microdisk drive . Al
though the voltage levels could be 
compatible, the microdisk unit will 
consume from l \6 to 2 times as much 
current at the 12 or 24 V level. 

Pertee expects to use a mixture of 
off-the-shelf components with a num
ber of custom and dedicated special 
chips to reduce board device count 
and conserve the space devoted to 
drive electronics. It will also offer an 
optional formatter, but the company 
has not yet decided whether space 
limitations will allow it to be integral 
with the drive package . 

Model 77 10 hard disk storage system from International Memories used two 200 mm disks 
and Winchester-type read/write heads positioned by a linear voice coil actuator that uses a 
closed loop, t rack-following servo system. 

By the end of 1980. the volume of 
20 Mbyte microdisk drives, selling for 
$1500 in OEM quantities , should 
reach 50 ,000-to 100 ,000-level per 
year, predicted Bill Chambers. These 
units will go mainly into small busi
ness systems and various types of ded
icated data processing applications 
that need larger storage capacities. m 

Sdcrtt'd heads shm1•11 include: (A) Reel-to-Ree/ 
Ht'ad , I-inch, 14 tracks, interlaced; (8) Mini
Cartridfic Data Head, full width , r!'Qd/write; (CJ 
Cartridf!C Data Head, 4 tracks, read-after-write, 
sefrctivt' l'rasr; (D) Crt'dit Card Hrad, track 2 
(ABAI - read; track 3 (thrift) - read narrow/ 
writ<' wide; IE! Cassette Digital Head, 2 tracks, 
read/write, with inteval tape guide. 
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Brush DIGITAL MAGNETIC HEADS 

We Read/Write You 
.... Loud and Clear! 

If you buy magnetic heads for data use, Brush is the 
name to know . We're the oldest company in the 
business. We produce magnetic heads for l~ading 
companies, large and small ... to specification .. 
and with consistent high quality, good delivery, and 
competitive prices. 

We make them all. Cartridge, Mini-Cartridge, 
Cassette, Reel-to-Reel, and Card Stripe. And, for all 
applications: Credit Card & Passbook, MICR, 
Computer & Mini-Computer Peripheral, Terminal, 
Buffer Memory, Instrumentation, Process Control, 
Record & Billing System, Intelligent Typewriter, 
and more . 

We can accommodate your needs . Stock, custom, or 
modified designs. Large or small quantities. Proprietary 
alloys for special applications. Value-added extras- mounts, 
guides, tape gutters, alig11me11t and position references. 

Call or write today. You will receive quick response 
and cost-efficient solutions. 

brush ··magnetic heads 
Division of FORGFLO CORPORATION, Third and Reagan Streets 

Sunbury, PA 17801 •Phone: 717-286-5611 

First in Magnetic Heads 
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.And a Proven Track Record! 
Toggle rates to 10MHz-40ma 

of output drive power. We call 
it the ULA Digital Bipolar Gate 
Array and it's fast enough to inter
face with computers and strong 
enough to drive LED's and other 
external devices. And five years 
of competition have proven that 
ULA has the ruggedness, reli
ability, and radiation resistance to 
wheel in the toughest technical 
circles. 

Compatible with either TIL or 
CMOS, ULA can accommodate 
both digital and linear circuitry. 

Circle 20 on RNder Inquiry Card 

Over 2000 uncommitted com
ponents let you shrink your circuit 
size while reducing assembly 
costs and improving system reli
ability. And with three different 
configurations available, ULA is 
an ideal approach for upgrading 
your packages and products to 
1978 standards. 

Design Your Own Custom 
IC-The new ULA Design Kit will 
show you how. For only $59., you 
get circuit design guidelines, 
component characteristics, func
tional adhesive overlays, and 

A FERRANTI COM PANY 

r_ ... __ ..J __ ; _ ll")f:'f:'n ------- --1 " -

layout sheets. And after your LC. 
layout is complete, we'll integrate 
it for $2800 and deliver 20 proto
types in 4 to 6 weeks. 

Get your products on track 
with ULA. Write or call if you need 
information but better 
yet, order your ULA 
Design Kit today! 



HERE COME 
THE MICRODISKS 

Stuart Mabon, President 
Micropolis Corp. 

I n 1979 and most certainly in 1980, 
designers can expect OEM quanti

ties of 8" diameter hard disk (micro
disk) drives to become available. While 
we can only estimate prices, capacities, 
delivery schedules and interface stan
dards, we can conclude from what is 
known a number of generic character
istics of these drives which will use -
in all probability - the so-called Win
chester technology. 

Why microdisks? 
During the past two years product 
demand has so overwhelmed most ma
nufacturers of small business systems 
built around low-cost microcomputers 
that only recently have they begun to 
realize that their systems are running 
out of capacity. That condition should 
hardly come as a surprise, since the 
reaching and surpassing of thresholds 
more or less tell the history of large 
mainframe computers, then minicom
puters, and now microcomputers. The 
unexpected nature of the capacity 
problem is, perhaps, the speed with 
which a supposedly neophyte commu
nity of business and professional users 
with relatively mundane applica-
tions has outgrown these systems. 

Technically, you can usually re
move capacity constraints by upgrad
ing the CPU, by increasing main 
memory by improving system software, 
by adding to online mass storage and 
by various combinations of any or all 
of these methods. Activities in all of 
these areas exist today, and most like
ly, the next generation of small busi
ness systems will boast 5 to 10 times 
current capacities by improvements in 
CPU throughput, concurrent handling 
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of multiple users and tasks, and re
cords storage. 

Forthcoming contributions by the 
semiconductor industry, such as 16-
bit microprocessors and higher-density 
memory boards, will increase capacity 
without a corresponding increase in 
price. Unfortunately, electromechanic
al mass storage devices are subject to a 
completely different set of technical 
and economic influences. 

Floppy disk drives, which certainly 
have done their share to fuel the 
growth of microcomputer-based small 
business systems, do not lend them
selves universally to high-capacity sys
tems and applications. Originally 
developed as merely a transfer medium, 
floppies have evolved from single
drive , single-sided devices to multiple 
double-sided, dual-drive subsystems in 
an effort to keep up with file storage 
demands. Attempts to handle two or 
three simultaneous users have encount
ered intolerably slow operating speeds 
because of the long rotational delay 
and head positioning times of the flop
pies. At this point in time, increases in 
cost of storage is proportional to the 
increase in capacity. 

To the OEM system manufacturer, 
the most obvious step upward in mass 
storage involves the use of 14-inch 
rigid disk drive, on which the minicom
puter industry depended for several 
years. At an end-user cost of$ 7 ,000 to 
$10,000, however, the price of a 10-M
byte file overwhelms the microcom
puter price. 

What the industry needs today to 
make its gain in semiconductor tech
nology feasible to the small business 

community is a 10-Mbyte file retail
ing in the range of $3,000. Clearly 
the demand for low cost file storage 
exists and, equally clear for the pre
sent , a new class of product - the 
scaled-down 8-inch rigid magnetic disk 
drive - will meet the requirements of 
OEM small business system designers. 

Designers can expect such a 
product to be available to the OEM 
marketplace from multiple sources 
during 1979 and 1980. While much is 
still unknown as to pricing, capacities, 
deliveries and interface standards , we 
can draw certain generic characteristics 
and conclusions from what is known. 

In examining advances in magnetic 
recording technology as applied to 14-
inch drives, we see densities of 3 
million bits per square inch available 
today and IO million bit densities as 
the predicted next step. On the basis 
that the effective data area of a typical 
14-inch disk surface equals 55 square 
inches, the unformatted data per sur
face will therefore increase from 
today's 20 Mbytes to 60 Mbytes in 
two to three years. For small business 
applications requiring 5 to 10 Mbytes, 
the 14-inch drive is "overkill" in capa
city and cost. 

Since disk capacity is roughly pro
portional to the square of the radius, 
we would expect to see 8-inch micro
disks exhibit a useful capacity of 
about one-third of the corresponding 
14-inch platter. Using today's technol
ogy, a microdisk can store 7 Mbytes 
unformatted, or 5 Mbytes formatted 

, on one surface disk, with expected fu
ture expansion to 15 Mbytes. Remem
ber that current disk file technology 
employs so-called 'track following' 



Quality 
at your fingertips 
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•••• •••• •••• o••• 

Digitran sel ls more thumbwheel switches than all 
other manufacturers combined. With good reason. 

Switches for every conceivab le purpose, with an 
almost unlimited selection of output codes and options. 

Sizes ranging from .315 " to .500 " in width and 
from .961 " to 2.000 " in height. Large easy-to-read 
characters, with optional lighting , including LED on 
some. Environmentally sealed or unsealed. 

MIL-SPEC? We set the standards. 
If it's keypads you need, ours have the real 

tactile response previously found only in full-size, full -

stroke keyboards. 12-key and 16-key, plus custom 
configurations for the volume OEM user. 

And quality, reliability and performance are a 
well- known tradition at Digitran. 

Write for our free short-form catalogs or call 
800-528-6050 (in Arizona, 800-352-0452), Ext. 924, for 
your nearest distributor or technical representative. 

DIGITRRn 
The 01g1tran Company a d1v1s1on of Becton 01ck1nson and Company 

855 South Arroyo Parkway• Pasadena, California 91105 
Phon e . (213) 449 -3110 •TWX 910-588-3794, TELEX 67-5485 

Circle 21 on Reader Inquiry Card 

.ll\r\111/lQV 10"70 nin i-t'!l l nn.ri,....... ..,,. 



head positioners that require dedicat
ing one whole surface of one disk to 
recorded reference tracks on which a 
special head flies and returns radial po
sition information to the head posi
tioner servo. Jn theory , any expansion 
or contraction of the reference surface 
will remain the same for the data sur
faces, even if these surfaces are on 
other disks. Since considerable quanti-

lower power for the head positioner 
and disk drive motors reduce the cost 
of those components; in ge neral , the 
smaller physical size of castings, bear
ings and other mechanical parts result 
in cost reductions. Is the 8-inch disk 
drive inherently cheaper than the 14-
inch disk drive? Time and the efforts 
of perhaps a dozen disk file manu
facturers will tell. 

COMPARISON OF PROJECTED BUBBLE CHIP 
AND DISK MAGNETIC RECORDING OEM PRICES (Logarithmic) 

1 o• 

1 o• 

103 

102 

5 MB 25 MB 

1980 1982 1984 1986 1988 1990 1992 1994 

Fig 1 Semilogarithmic plot of the decline in prices for various sizes of bubble memories 
(dotted lines) and rigid magnetic disk drives indicates that the cost of bubble memories will 
not drop as precipitously as disk units. 

ty of air flows over the disk surfaces 
and only small temperature differences 
within the airstream exist, the long 
and short term data track alignment 
between the reference surface and 
other surfaces is adequate. 

We have seen that the 8-inch micro
disk can provide sufficient data storage 
capacity to appeal to the small business 
microcomputer users. However , can 
the new size meet the ultimate test of 
price? We can count on the microdisk 
to reduce costs in a few areas. For 
example, the drive requires only one 
head per disk surface (compared to 
two heads on the typical 14-inch disk) ; 
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Perhaps as important as the price 
of the disk drive are the cost savings 
resulting from the small physical size, 
weight and power requirements of 
the 8-inch drive. Packaging and power 
supplies together can cost up to 25% 
of the system builder's total cost. 

Microdisks vs. other storage 
So far, we have made the case for 8-
inch rigid disks only in comparison 
with 14-inch disk drives. What about 
the 4-Mbyte floppy? What about bub
ble memories? 

High-capacity 5-1/2 inch and 8-inch 
floppy disk drives will continue to 

serve a need - a large need. They will 
operate as extensions of the current 
1-Mbyte floppies in small, single-user 
systems, as off-line back-up storage 
for rigid disk files and for data inter
change. The inherently slower access 
time of the slowly rotating floppy disk 
will tend to limit its application to 
single user systems, and capacity limi
tations will relegate it to the corres
ponding section of that market. 

The natural competitor of the small 
fixed-disk drive is bubble memory. 
This semiconductor device offers 
these inherent advantages: shorter ac
cess time (though slower data rates) 
and incremental capacity. Coupling 
these advantages with the apparent 
identification of that market by the 
semiconductor industry as the next 
'home ' for infinite quantities or iden
tical dual in-line packages force disk 
file manufacturers to consider the 
magnitude of the threat seriously. 

For the purposes of quantification, 
let us consider the following model. 
Let's assume the following OEM prices 
of bubble-memory chips: 
• Large volume price per DIP (Dual In
line Package) will be $25 (regardless 
of capacity). 
• Bits/chip will double each year. 
• The first year of the 25-dollar 
256,000-bit memory will be 1980. 
Thus, according to these assumptions, 
we can expect that 1982 will be the 
first year of the 25-dollar 1,000,000-
bit chips, and so on. 

ow, let's assume the following 
concerning the OEM price of rigid disk 
files: 
• Fixed overheads result in a much 
lower rate of cost reductions for small 
files . 
• Jn 1980 the OEM price of 10-Mbyte 
files will be $1, 100. 
• Due to next generation of 
10,000,000-bits/in. 2 density the price 
will erode by approximately 40% by 
1984. 

Jf we ignore power supplies and 
controllers for both types of storage 
and add 20% of chip costs for bubble 
chip installation on printed circuit 
boards , we can plot the costs of several 
file sizes as a function of dates (Fig 1 ). 
Note that only the availability of a 25-
dollar 4 ,000,000-bit bubble chip can 
compete in price with the smallest of 
the rigid disk drives. Only when the 
25-dollar 16,000 ,000-bit chip is avail
able will the typical small business file 
of 50 Mbytes affect applications for 
which normal disk file access times are 
adequate . Jf Fig 1 's assumed dates for 
availability of such chips are incorrect, 
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Mod l 82Q 150 cps, 
80-co umn, dot atrix 
impad print 111~c anism ... 

·~ 

Here's the low cost bi-directional 150 cps 

~and 
low cost 

print mechanism you've been waiting for. It's an 
80-column dot-matrix impact print mechanism too! 
with a 7-wire heavy-duty, jeweled head that permits a life of 
100-million characters! The mechanism utilizes an extremely 
simple design to achieve its cost performance and high reliabil
ity. It's the perfect OEM unit for computer output, communica
tion terminals, data loggers, and general business applications. 
A sprocket paper-feed mechanism accepts standard 9 .5" wide 
multi-ply pin-feed paper. Print line position is adjustable verti
cally, and paper can be loaded from the bottom or from the rear. 
Price, in quantities of 500, is $230.00* each. For detailed specifica
tions, Write Or Call today, 'Domestic U.S.A. price 011/y. 

C. Itoh means excellence in printers 

~ C. ltoh Electronics, Inc. 
53ffi Beethoven Street, Los Angeles, CA 90066 
Call: 213 390-7778 • Telex: WU 65-2451 
East Coast 
280 Park Avenue, New York, NY 10017 
Call: 212 682-0420 • Telex: WU 12-5059 

C. Itoh Electronics is part of the 118-year-old C. Itoh & Co. Ltd. world-wide trading organization. 



system designers can make their own 
estimates of cost crossover dates based 
on the projected availability of low
cost 4-Mbit and 16-Mbit bubble chips. 

An 8" rigid disk file standard? 
A number of disk manufacturers and 
disk file manufacturers appear to have 
settled on a 200mm diameter (slightly 
less than 8") with a magnetic oxide 
coating capable of using the widely
available "Winchester" technology 
heads similar to those used in IBM 
3340 and IBM 3350 large disk files. 
Recently announced, but not yet de
livered, disk files from IBM suggest the 
use of approximately 21 Omm diameter 
disks. Extrapolating from scanty data 
provided by IBM suggests a bit density 
slightly higher than the current stan
dard. Since medium interchangeability 
is not a feature of fixed disk drives, 
the industry will most likely use the 
200mm disk for current products , per
haps switching to a higher-technology 
disk for products to be delivered in 
three years . 

The trend in rigid disk drives to
wards higher track and bit densities 
demands sealed, ultra-clean environ
ments. This trend works against the 
traditional removable disk pack, be
cause removing a sealed enclosure gen
erally involves the transfer of most of 
the mechanical parts of the disk 
drive - a costly operation. For this 
reason , although the need for low cost 
off-line back-up files remains as strong 
as ever , most likely only low-cost serial 
transfer devices, such as tape cartridges 

~\ 
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(A) 8-lnch Microdisk Drive (estimated) 
Width- SY, inches 

Height- 4 Y, inches 

Depth- 14 inches 
Weight- 25 pounds 
Capacity- 5 to 10 Mbytes 

Price- ? ? ? 

or low cost, high capacity floppies , 
will perform this task. 

Other possibilities for standardiza
tion extend beyond the basic technol
ogy to more mundane areas, such as 
physical size , power requirements, in
terface specifications and perform
ance. Although there appears to be an 
understanding in the industry that it 
would be highly desirable to package 
the 8-inch rigid disk drive within the 
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same overall envelope as the typical 8-
inch floppy disk drive to avoid the 
necessity for packaging changes by 
OEMs, some of the announced micro
disk entries have not been able to 
achieve this. Similarly , the ability of 
the 8-inch rigid disk drives to utilize 
the same power supplies as floppies 
would simplify the OEM task of inte
grating a floppy and a microdisk into 
the same system. 

The question of interface standards 
opens a pandora's box of conflicting 
historical, emotional and cost issues. 
Very little interface standardization 
currently exists for rigid disk drives , 
though a number of large file manufac
turers developed the storage module 
interface. The salient characteristic of 
this interface involves splitting the 
data signals from address and status 
lines. The data signals are radially 
distributed from the controller (one 

(B) 14-lnch Rigid Risk Drive 
Width - 17Y, inches 

Height- 6 inches 

Depth - 25 inches 
Weight- 60 pounds 

Capacity- 10 to 20 MBytes 
Price- $2600 to $5700 (in quanti

ties of one) 

cable for each disk drive) and the ad
dress and status lines, which use a mul
tiplexed bus approach, are daisy
chained from one drive to another in 
a multiple drive system. 

Technically , two separate interface 
cables satisfy the need for high integri
ty of edge timing of the data signals. 
For large disk drives physically separ
ated by several feet, the daisy-chained 
approach has lacked the necessary tim
ing integrity. This technical problem 
disappears with the proximity of adja
cent microdisk drives. Although it ap
pears that from a strictly technical 
point of view the need for the radial 
interface for data may have diminished, 
for such historical reasons as conserva
tism and existing controller designs , in
dustry may well continue the practice 
through the new generations. 

Microdisk applications 
Any microcomputer business system 
using more than two floppies could be 
considered a candidate for the physi-

cally similar microdisks. The OEM 
floppy disk sales are heading for 
500,000 units per year. A number of 
large OEMs now routinely use four 

~\ 
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(C) Removable Platter Disk Drive 

Width- 17Y, in ches 

Height- 8 ¥. inches 

Depth- 25 inches 
Weight - 75-80 pounds 

Capacity - 5 to 10 M Bytes 

Price- $7000 to $10,000 (in quan
tities of one) 

and even six 8-inch floppy disk drives 
in their small business systems. Since 
such systems need diskette drives for 
software distribution , transactions re
cordings and file back-up, they will 
still require at least one and probably 
two floppies . However , the capacity 
and speed advantages of the micro
disks , together with their potentially 
similar physical characteristics, will 
tend to displace the usage of addi
tional floppies , especially in multiple 
user systems. 

A number of disk file manufac
turers have chosen to fight what might 
be regarded as a rear guard action by 
combining 14" disks and floppy disk 
type stepping motor/head positioner 
technology. While this approach re
sults in a relatively low OEM price , it 
does so at the expense of access time . 
For orders of magnitude larger than 
floppy index files , which perhaps re
quire as many as five positioner move
ments for each record access, the ac
commodation of three or four users 
can result in undesirable operation de
lays. The matter of physical size and 
power usage are almost as important 
to an OEM as the performance of the 
hardware. For this reason , as well as 
the lack of expansion capability to a 
further doubling of track density , step
ping motor/ 14" rigid disk drive com
binations appear to be marketable for 
a relatively short period. 

Expect 1979 to be the year of the 
8" rigid disk drive now product an
nouncements and 1980, the year for 
OEM-level production . System design
ers configuring products for the 80s 
will be advised to evaluate the new 
generation of storage equipment. m 
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How can a company 
that makes so many interfaces, 

and delivers them so fast, 
make them so good? 

By using these. 
The finest components. Hand 

assembled. Each skilled MOB 
craftsperson working alone to 
produce a product and submit it 
for testing. That's what makes 
MOB computer interfaces the 
best available, bar none. 

Full year warranty. 
MOB products are so well 

made that we back them up with 
a one-year unconditional 
warranty. Any problem with one 
of our boards, just call. We'll 
solve it over the phone or ship a 
replacement within 24 hours. 
Then repair or permanently 
replace the original. 

In your hands, fast. 
MOB is the leading 

independent manufacturer of 
interface products. We sell and 
service direct here in the United 
States. We have stocking and 

servicing distributors worldwide. 
Nine times out of ten we can ship 
within 14 days after receiving 
your order. 

A wide range of products. 
Included in our line are line 

printer and card reader control
lers and other plug-compatible 
modules for most computers 
including DEC PDP-11 , LSl-11 ; 
and PDP-8; IBM Series/1 ; 
Data General Nova and 
Eclipse; Interdata and Hewlett
Packard computers. All MOB 
products are software com
patible or transparent. No 
special diagnostic or oper
ating software is needed. 

Moderate cost. 
MOB interfaces are priced 

below host computer 
manufacturer equivalents. Send 
for our product literature portfolio 

for the computer you're using. It 
comes complete with pricing! 

r:'J[)lj 
SYSTEMS INC. 
1995 N. Batavia St. , Orange, 
CA. 92665 (714) 998-6900 

TWX: 910-593-1339 
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UNIVERSAL 
CONTROLLER 
for Tape to Intel Multibus 
Phili p Monego, Zeta Research, Inc., 
Robert G. Pomeroy , Information Processing Techniques 

0 ne key advantage of half-inch magnetic tape is near 
universal transferability. No other media has the stan

dardization of recording format and technique that allows 
interchange between the mightiest main frame computer 
and the simplest microcomputer. But the farther you get 
from the physical tape , the greater the variations in inter
faces. The MTC-80 is designed to bridge the variations and 
link two industry-standard interfaces. 

In designing an off-line controller for their plotter, Zeta 
Research needed the ability to interface to the variety of 
industry half-inch magnetic tape drives, densities, formats 
and recording modes . 

The components for a typical tape system would be a 
tape transport, formatter/controller, computer interface 

80110 
Host 
CPU 

Board 

~ - , r- I I Other 
Circu it Boards I I j L0-' -0 

CMD/ 
Status 

Control 

Multibus 

Data 

MTC-80 

& Status Data 

@@ 
Tape Drive 

I 

Fig 1 Magnetic Tape Controller , MTC-80, interfaces to host CPU 
and other PCBs via Multibus. One port ("CMD/Status") handles 
commands and status; the other, data . 
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board with direct memory access and software drivers to 
include control and error recovery. Constraints of the ap
plication made such a system unacceptable for a number of 
practical and business reasons. 

The controlling computer, an Intel 80/ l 0 compatible 
board , was fully time saturated and could not support 
typical tape I/O control overhead or bursts of date from a 
tape system without degrading its prime function, i.e., 
complex, high speed plotting. 

Few interface boards for half-inch tape compatible with 
the Intel MULTIBUS were available. All were designed 
for a particular manufacturer's tape formatter, severely 
limiting the required universality. Although one interface 
board offered an on-board buffer to handle the data, the 
burden of transport control and error recovery remained on 
the host computer. Formatter boards were available from 
tape transport OEM 's but were expensive and often had to 
be mounted outside the transport cabinet. Universality 
would require a NRZI formatter, phase encoded formatter, 
some means ot changing speeds and density without chang
ing straps. And there was a relative lack of standard e lec
tronic interface existing in these areas. 

The solution was the development of a single board con 
troller that incorporated the functions of the formatters, 
interface, system software drivers and more. The Magnetic 
Tape Controller , MTC-80 , controls tape transport, formats 

RZI or Phase Encoded, handles error recovery, pre proces
ses data and interfaces to the host computer system. 

The MTC-80 , designed and developed by In forma tion 
Processing Techniques Corp. for Zeta Research , interfaces 
to the host computer through two bi-directional ports on 
the MULTIBUS as shown in Fig I. One port handles data, 
the other handles commands and status. The key com
mands Read File and Write File cause the MTC-80 to ac
cept or present data at the data port without regard to 
interrecord gaps, recoverable errors or other con trot over
head. Other commands handle Rewind , Go Off-line , Skip 
files forward or back and select from three data repacking 
modes for 7-track drives. Data is transferred by the host 
co mputer with simple IN and OUT commands. 

On the transport side, the MTC-80 interfaces to the in
dustry Pertee standard available on almost all mid-size tape 
transports. Signals identifying the transport variations 
(recording format, density, number of tracks , and number 
of gaps) is available on this interface . Four switches on the 
MTC-80 identify speed and determine whjch (of three 
NRZI densities) is high and which is low. Thus dual den-
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You and Powertec are the perfect couple . Our 
sub-modules make it easy for you to design your 
own power supplies. They enable you to utilize 

UL recognized, proven circuitry with a 
reliability of over 100,000 hours MTBF for 
your own innovative design ideas and 

requirements . These sub-module packages 
contain everything you'll need to do the job. 
So you won't be shocked, when it comes 

to performance. 
Our Powertec extras free you up to spend 

even more time designing and less time worrying. 
Extras such as built-in adjustable output overvoltage 
and overcurrent protection, logic inhibit circuits, 
remote voltage adjustment and input fuses, make 
these sub-modules the powers to reckon with. 

We have a complete line of sub-modules. 
From .5 to 900 watts , and 1.2 to 30 volts. Plus 
the heat sinks and transformers to go with them. 
Call for all the details and immediate price 
quotations. That's the way we do business at 
Powertec. Off-the-shelf with the best power 
supply values. Not off in the future. That's why 

it's easy to have a lasting relationship with the 
power supplier the others follow. 

NOW AVAILABLE FOR IMMEDIATE DELIVERY! CALL (213)882-0004 
VOLTAGE RANG E 
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20550 Nordhoff Street, Chatsworth , California 91311 TWX 910-494-2092 

THE BEST POWER SUPPLIES FROM THE BEST POWER SUPPLIER 
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Fig 2 MTC-80 block d iagram shows bus arrangement , CPU and how data is transferred. 

sity , dual format and even 7 and 9-track combination 
drives are front panel configured and recognized by the 
MTC-80 when placed on-line. Here are the variations 
handled by the MTC-80: format - NRZI and phase en
coded ; tracks - 7 and 9; gaps - single or dual; speeds - 25 , 
37.5 or 45 ips and densities - 200, 556, 800 and 1600 bits 
per inch. 

The method used to handle the variety of standard 
formats was to store the record from the tape in dynamic 
Random Access Memory on the MTC-80 . NRZI data is 
simply strobed into memory by the transport under the 
control of a direct memory access controller. Phase En
coded data , on the other hand , is sampled at a rate 12 times 
the data rate and reconstructed between records. In order 
to read a lK record in PE, it was therefore necessary to 
provide a 16K RAM array , nine bits wide. In the write 
direction , data is accumulated from the host into RAM in 
a.ppropriate format and then strobed out to the tape trans
port at the correct frequency . 

The RAM array is mapped so that the tape transport 
reads or writes nine bit words. The host computer, which 
does not need the parity bit reads , writes eight bit words 
under DMA control. The MTC-80 CPU handles the eight bit 
data portion in the normal fashion, but accesses the parity 
bit in a virtual 16K address space containing eight bit 
words with parity in the least significant bit. This is de
scribed in Fig 3. 

Every design constraint applied : space, speed, cost. The 
design had to fit on a single six by twelve inch board, main
tain rapid data availability , attain a minimal target produc
tion cost and work reliability. 
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To concentrate the electronics , which in some current 
systems takes over 15002 of circuit board, into 72 in 2 

and obtain the required flexibility, liberal use of LSI cir
cuits and microprocessor technology was required. The 
MTC80 block diagram is shown in Fig 2. 

The 8085 was chosen over bipolar and other processors 
due to availability , cost and relative ease of development. 
The transfer of data between the tape transport, buffer 
memory and the host computer is controlled by an LSI 
DMA controller chip . Although a discrete logic controller 
would have been faster and easier to synchronize, this was 
ruled out by the board space constraint. Two LSI periph
eral interface adapters provide the control and status in
terchange and latching between the MTC-80 and the trans
port and the host computer. Software controlled hardware 
logic signals also originated here. Intel 's 8155 combination 
chip provides the transport control and status ports, the 
program scratch-pad RAM and the programmable timer re
quired to time the system for various tape speeds and 
densities. 

Speed of operation is a mixed issue. The MTC-80 must 
accept data in bursts from the transport at rates from 5 to 
750 KHz and provide it only on demand to the host at up 
to lOOK bytes per second . At the higher data rates it was 
not possible to perform the reformatting and error checking 
functions in real time, so data is transferred in under DMA 
control, processed during interrecord gaps and transferred 
out again under DMA control. 

The major software challenge in development of the 
MTC-80 was the reconstruction of the original data record 
from the sampled PE read representation in under 500 mil-
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OEMS. TAKE A FREE 
TRIAL SPltl Otl US, 

HARDI OP OR CARTRIDGE. 

The Proven MX Winchester Technology Family 
From the world's largest alternative manufacturer of Winches
ter technology disk drives, Fujitsu offers excellent price/ 
performance and reliability. The M2251, M2252, and M2253 pro
vides 12.5, 25, or 50 megabytes of unformatted storage along 
with flexible program or data loading from a variety of external 
sources: diskette drives, cartridge drives, storage module 
drives, tape drives, and communications lines. MTBF is in ex
cess of 10,000 power-on hours. Access times are 10-ms track-to
track, with 40-ms average. And pricing in 100 quantities is very 
aggressive. 
The Unique, Front Loading SMD·Compatible M2201 
As the only front loading drive around, the M2201 offers new 
convenience and flexibility in configuring your small business 
systems, intelligent terminals and other micro/minicomputer 
based systems. It offers 50 megabyte capacity. Has a reliability 
factor that's 50% better than the industry average (6, 000 POH 
MTBF). And stores at an off-line cost that's lower than either top 
loading cartridge o r storage module drives. Access times are 

6-ms track-to-track. There are no data staging requirements. 
Plus, a servo/track record system assures cartridge inter
changeability. 
Free Offer 
For a limited introductory time, Fujitsu is providing no-strings
attached evaluation units, including paid freight, to qualified 
OEMs. Order yours now by calling Byron Wicks, Marketing 
Director, collect at 408/985-2300. NOTE: reference your call to 
the operator as the Fujitsu Evaluation Offer. Or send the 
coupon to: Fujitsu America Inc ., 2945 Oakmead Village Court, 
Santa Clara, CA 95051 Telex: 357402 TWX: 910-338-0047 Tel: 
408/985-2300. Offer subject to change without notice. 

~-------------------------------~ 0 I want an evaluation unit. Now. 
D Please send data on your Winchester technology products 
0 Please send data on the M2201 
0 Have product representative call on application 

Application area -------------------

Name/Title --------------------

Street/City -----------

State/Zip/Telephone --------

FUJITSU OEMS. YOU'RE ltt THE 
DRIVER'S SEAT WITH FUJITSU. 
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"Teach us to delight 
in simple things:' 

Rudyard Kipling 

Yes, Rudyard , 
we 're listening. Simplic-
ity is the idea we used in designing the 
MICROVOX® data storage system. 

Simplicity is the MICROVOX® Wafer, 
a very small, thin cartridge containing a 
reel of mylar-based magnetic tape in 
continuous loop form. 

Simplicity is the MICROVOX® Transport, 
a precision die-cast aluminum block con
taining a magnetic tape head and only 3 
moving parts (a drive motor, capstan and 
belt). 

Built-in simplicity means the 
MICROVOX® system is more reliable than 
any other, and at a fraction of the cost! 

So, if you 're planning something big, 
think simple. Think MICROVOX®. Rudyard 
would approve. 

Call or write today for details. 

MICRO 
COMMUNICATIONS 
CORPORATION 

80 BACON STREET 
WALTHAM. MASS. 02154 
617 / 899-8111 
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Fig 3 Th is MTC-80 block d iagra m memo ry configu ration shows 
how the 8085 CPU handles the 8 -b it dat a port ion and accesses the 
par ity b it in a vi rtual 16 K address space. 

liseconds. Each of the nine channels has to be reconstruct
ed, taking into consideration up to 20% short term fluctua
tion in position and the requirement to detect signal drop
outs. The algorithm searches through 117 ,000 bits for the 
data transitions, assembles the data words and then checks 
parity. RZI read and write and PE written formats require 
considerably less processing. 

Dual buffering would make the interrecord gap time in
visible to the host computer, but was not required for the 
application and would have increased board size. The aver
age worst case read data rate is about 2400 baud ; the aver
age write data rates approach 50 kilo baud. 

An additional benefit of this smart type interface is data 
preprocessing, thus further off-loading the host computer. 
In the Zeta application, plot files have a unique start-of-file 
delimiter and a specific subset of characters used for plot
ting. Preprocessing is invoked when the host computer is
sues a Plot Mode command. During Read File and Skip File 
commands the MTC-80 searches each physical tape file for 
the delimiter in one of six languages : ASCII, EDCIDIC, 
BCD, Honeywell BCD, Display Code or Fieldata . This pro
cess occurs after repacking, if required, in the use of 7-track 
tape. After finding the delimiter , further preprocessing con
tinues in that language . Each valid character is translated 
from the language to a binary byte for use by the host 
plotter controller. Non-valid characters and non-plot files 
are ignored. 

Other forseeable applications of this off-loading are label 
recognition , fixed language translation , and even data ac
cumulation. The future of small, flexible , integrated con
trollers brightens continually as new denser, faster devices 
are announced. 

Since the MTC-80 was released, components which were 
previously too expensive and newer , faster and more com
pact have become available. Examples are faster DMA 
controllers that would enable the higher sample rate (not 
quite achieved for 45 ips Phase Encoded reads), more com
plete dynamic RAM controllers, and higher density pack
aging of MSI devices and programming logic arrays which 
might provide room for a second buffer bank. 

Other advances should improve speed and space needs, 
for less development and build cost, and make complex 
peripherals into simple , low overhead devices for use by 
µP-based machines. 00 

,-
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Genisco High Resolution Displays. 
Let us make your computer 
graphics 'crystal-clear'· fastl 

Your future in graphics and image processing can 't help being 
bright with all the Genisco Raster Display "good-omen" bene
fits going for you. Like ultra-high resolution, nanosecond pro
cessing, reliable performance, synergistic software, and 
modular architecture - that lets you quickly go "on-line" at 
minimal cost and expand as your needs dictate. Yet , with all 
this sophistication they're thin-pocket-book priced. 

16K MOS/RAM Refresh Memories that go up to 1280 pixels/ 
line X 1024 lines, in 16 gray scales, and 10242 full color ver
sions. And, they're all directly addressable. 

16-Bit User Programmable Graphics 
Processor lets you realize optimum 
operation with 150 ns cycle time 
manipulation, a set of 55 mnemonic 
instructions, automatic OMA 
access, selective erase, user 
selection from 4096 colors 
or 256 gray shades, and 
over 32 refresh memory 
planes control - using 
a unique "group select" 
method. We even offer a 
scroll and zoom, and a 
character /vector 
generator. 

Versatile Output. Up to 12 monitors can be operated from a 
single system. TV/video mixing. Remote monitoring . RS232 
ports. Automatic "Circumfill". These are but a smattering of 
the many advanced monitor control benefits offered by 
Genisco. 

Full Complement of Interfaces for most popular minicom
puters are available as standards, and we can economically 
fabricate a specific configuration where a stock unit won't do. 

Flexible FORTRAN Software puts you "on-line" quickly, 
economically. Present offerings include 

a comprehensive set of Basic Graphics 
instructions, an efficient Cross As

sembler, and our special GRASP 
package of FORTRAN callable sub

routines - to simplify program
ming of your particular display 

configurations. With all this 
to back your display develop
ments, a bright and 'crystal-

clear' future is assured. 

Contact Genisco, a name 
that has been synonymous 
with technological advances 

for more than 30 years , 
for all the particulars -
and get a fast start on 

the P_?th to good fortune . 

GENISCO COMPUTERS 
A DIVISION OF GENISCO TECHNOLOGY CORP. 

17805 Skv Park Circle Dr .. Irvine. CA 92714· (714) 556-4916 

CIRCLE 33 FOR SALES CONTACT. CIRCLE 100 FOR LITERATURE ONLY . 
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A compact and economical medium 
for storing multiple megabytes 

of data available to day is the data car
tridge. Let's look at the ANSI/ECMA 
1/4-inch Data Cartri dge . It is a rugged 
envelope that completely encloses and 
protects the magnetic tape during ship
ping, handling, loading and unloading 
the cartridge from its drive . The metal 
base plate and overall precision design 
assure interchangeabili ty among car
tridges, and make mailing the cartridge 
a practical matter. Tape tension, an 
integral function of the cartridge, sim
plifies the drive design. In fact, all tape 
guidance and handling is built into the 
cartridge. The cartri dge is so rugged 
that it can be use d in severe environmen
tal applications. 

Perhaps the greatest benefit of all 
is the storage capacity. At 1600 bpi 
recording density, the 300-ft. version 
of the cartridge holds 2.8 Mbytes (un
formatted), and the 450-ft. cartridge 
holds 4.2 Mbytes. Quad-density (6400 
bpi) allows capacities of 11 .5 Mbytes 
(300 ft.) and 17.28 Mbytes (450 ft.). 
This is incredible capacity on a device 
that easily slips into your pocket and 
is sold for under $20 . 

Cartridge drives find wide applica
tion. Broadly, digi tal cartridge tape 
drives are used for program or file 
loading and dum ping (including fixed 
Winchester-technology disc back-up), 
continuous mo nitoring (en dless-loop 
ta pe applications), data acquisition 
and real-time operating system. 

What is the ANSI data cartridge? 
The ANSI/ECMA 1/4-inch Data Car
tridge contains 1 /4-in. magnetic tape 
wound on two coplanar reels. Tape 
tension is maintained by a unique iso
elastic band that contacts both reels of 

42 Digita l Design JANUARY 1979 

COVER FEATURE 

CARTRIDGE DRIVES 
Store Megabytes at Low Cost 
Sam Thompson 
Data Electronics, Inc. 
Pasadena, CA 

tape, two belt guide rollers and the 
be lt drive pulley. The cartridge is driv
en at a single point - the drive pulley. 
The cartridge contains features that 
enable beginning-of-tape (BOT) and 
end-of-tape (EOT) sensing and file 
(write) protection. 

Wi th a precision metal base and a 
clear plastic enclosure, the cartridge is 

an accurate an d rugged package. Com
mon usage of the cartridge includes 
four-track recording and driving at 
speeds of up to 90 ips. 

Data cartridges have many advan
tages . One of the major ones is that 
the cartridge is driven at a single poin t 
and it in turn drives the tape (i.e. the 
cart ridge is the tape drive ) . This insures 

Belt Guide 
Fiat Drive Belt Take-up Hub 

Drive Ro ller 
Drive Motor 

Prot ect 
T ape Path 
(Oxide Out) 

Fixed Tape 
Gu ides (2) 

Light Sensing 

Direction of Forward 
Tape Motion 

Fig 1 The 1/4-in . ANSl/ECMA Data Cartridge is driven at a single po int and contains mag
netic tape wound on two coplanar reels. Tape tension is maintained by a unique isoelastic 
band that contacts both reels of tape, two belt guide rollers and the belt drive pulley . Cart 
ridges currently are available with e ither 300 or 450 feet of tape. 
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WHAT CAN 
''CONVERSATIONAL FLEXIBILITY'' 

DO FOR YOU? 
SOLVE A COSTLY 
PROBLEM. 
That's why we created the DYNABYTE 
BASIC CONTROLLER.TM Up to now, 
you've had good reason for not taking full 
advantage of microcomputers. Inflexible 
interface and the lack of suitable, simple 
programming languages have left your 
control applications neglected and expen
sive to handle. 

Writing and debugging software has been 
difficult. Great effort has gone into learning 
new languages. Special control circuits had 
to be constructed. 

Microcomputers have been neither con
versational nor flexible. And, you have been 
paying the price-with inadequate hardware 
or no hardware at all. 

THE SOLUTION. 
The new DYNABYTE BASIC 
CONTROLLER™ is designed for 
you. Now you can have a controller that 
gives you flexible interface and com1ersa
tional programming. 

It's a self-contained, single-board computer 
that is oriented toward control applications. 
You will have everything you need-relays, 
lites, video display, flag outputs, sense 
inputs, tape cassette interface, communica
tion interfaces, EPROM programmer and 
much more. 

Its enhanced version of BASIC and ease of 
interface makes the DYNABYTE BASIC 
CONTROLLER™ ideal for a variety of 
control applications. You will get results 
easily and efficiently, even if you have little 
or no experience with computers. 

Finally, you will have Conversational 
Flexibility. 

WHERE TO USE IT. 
Just about anywhere. Some of the 
applications in which the BASIC 
CONTROLLER™ is now solving prob
lems are electronic equipment testing ... 
medical instrumentation . . . temperature 
and PH control in chemical labs ... 
animation . .. solar power system manage
ment ... psychological experiments ... 

Circle 34 on Reader Inquiry Card 

discotheque lighting ... agricult ural 
control ... pollution monitoring and 
control ... satellite earth stat ion control 
... and many more. 

WHOUSES IT. 

Hundreds of BASIC CONTROLLERS™ 
are being used by organizations like 
Honeywell, Johns Hopkins, Motorola, 
NOAA, Signetics, Johnson Control, 
Mission Bell Telephone, EPA and 
numerous universities. 

They're solving problems and getting 
results with Conversational Flexibility, 
with the DYNABYTE BASIC 
CONTROLLER.TM 

Call and ask for Rick Mehrlich. He' ll tell 
you more. 

1005 Elwell Ct., Palo Alto, CA94303 (415) 965-1010 

n1111aa111·E 
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gentle tape handling and commensur
ate long tape life. The cartridge manu
facturers guarantee 5000 pass lifetime. 
Our actual experience shows several 
times that . This represents a signifi
cant improvement over standard digi
tal tape drives. 

Capacity versus volume is another 
advantage. The cartridge stores 17.28 
Mbytes in a package that you can slip 
in your pocket. 

An offshoot of the compact size 
and ruggedness of the cartridge is a 
sharp savings in data transportation 
costs . It costs far less to ship small tape 
cartridges than it does to ship reels of 
tape or hard discs . Floppy discs are 

or otherwise mishandled , the built-in 
tensioning mechanism will automat
ically re-establish tape tension by the 
action of the drive moving tape . 

The fi nal advantage must be cost. 
According to a study by Information 
Terminals Corp . (Table 1 ) , the 1 /4-in. 
cartridge even costs less per megabyte 
than a sheet of typing paper. 

Are there any limitations? 
Like most things in the real world , 
data cartridges have limitations. For 
one thing, drive design is constrained 
by the low tape tension inherent in the 
cartridge. While most digital tape drives 
have 7-oz. t ape tension, ANSI specifies 

Fig 2 Cartridge dr ives such as this one from Data Electron ics, Inc. are available with capaci 
ties o f up to 17.28 Mbytes of data . 

also inexpensive to ship. However , they 
are much more prone to damage and 
require many more discs (more than 
10 times) to store an equivalent a
mount of data . Due to the transporta
tion convenience of the cartridge , 
users can enhance data security by 
taking a current data dump away from 
the computer in a pocket or briefcase. 
Thus , if anything were to happen to 
the computer overnight, the data 
would not be lost. 

An important advantage of the 
cartridge is its ease of use and self
compensation. It is easy to use because 
the operator just slips it into the drive 
with no threading or other special 
handling. If the cartridge is dropped 
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only 1 to 3 ozs. for the data cartridge . 
Thus, the drive designer must contend 
with not only low tension , but also a 
200% variation from the low to the 
high end of the tension range. 

Tape capacity is also limited in the 
cartridge, as it is with all other media. 
However, higher capacity cartridges 
have already been developed with a 
50% increase in tape. It is likely that 
further advances will be made in this 
area. 

Another complication for the drive 
designer is the variation in the lateral 
tension profi le as the tape is presented 
to the head . This must be considered 
in the head contour design . 

Finally, cartridge dynamics dictate 

higher short-term speed variations due 
to resonances that add to the inherent 
drive short-term speed variations. 
These factors must be considered in 
the design of the data recovery circuits. 

The Cartridge drive: What is it? 
Cartridge tape drives arc generally com
posed of three basic parts - the servo 
system/drive motor, sensor assembly 
and data electronics (which includes 
the R/W head) . The motor and servo 
electronics start, stop and drive the 
cartridge at constant speeds (both for
ward and reverse) for the purpose of 
reading and writing data. Typically, 
two speeds are available ; 30 ips for 
read and write , an d 90 ips for high
speed search and rewind. These speeds 
are not sacrosanct - the cartridge can 
certainly be driven faster or slower if 
the application demands it. Note that 
the drive motor does not drive tape 
directly; rather, it drives the cartridge, 
which in turn drives the tape. Since 
the data cartridge itself contains both 
long-term and short-term speed varia
tions, it is essential that the cartridge 
be driven while adding as little as prac
tically possible in additional speed var
iations. While various schemes are pos
sible the direct drive has the smallest 
speed variation addition. A high-per
formance, closed-loop se rvo system is 
required to maintain tight speed con
trol under conditions of varying tem
perature , and over time. 

The four senses 
The sensor assembly senses four things: 
upper and lower tape holes , cartridge 
in place condition , and file protected 
or unprotected state. The tape hole 
sensing circuitry must be capable of 
performing adequately under normal 
ambient lighting ci rcumstances an d at 
tape speeds varying from 90 to nearly 
0 ips. Since the sensing is optical, it is 
important to note that extreme care 
must be given to avoid the pitfa lls a
rising from a fluorescent lighting en
vironment. 

Conservative design of the file-pro
tect circuit should assure that the ac
tual write /erase head current will be 
interrupted when the file protect 
switch is in the "safe" position . This 
assurance should be fail-safe, so that 
even simple component fa ilure cannot 
allow the write /erase heads to become 
active. One of the main concerns in 
read/write head design is the mainten
ance of proper head/ tape contact in 
the low tension condi tion present with 
the cartridge. The head must be de
signed to ensure the required contact 



Not the tire-kicking, door-slamming kind, of course. 
But all the tests that quality cartridge drive should have to 
pass. Then you'll see why OEMs have been choosing our 
drives for their systems for more than five years now. 

Go ahead. Run our DCD-3 through thousands 
of cycles. Even under changing 
environmental and load conditions, 

its long term speed accuracy will always stay the same. That's 
because we build it with a unique, motor-servo unit complete 
with a tachometer, that can take punishment like that without () ~\ 
any change in performance. 

Or, put our DCD-1 through its paces. You'll never have any 
track location problems. Because it records over the total width of the 

tape. Which means the system is virtually immune to loss of 
signal from transient error. 

For more good reasons why we think our drives out
perform any others, just take a look at the other products in our 
Data Products line. 

If you have an OEM or systems requirement. why not 
take us up on our offer? To arrange a test drive of one of our drives, 
call ( 612) 733-8892, or write: Data Products, 3M Company; 
223-5E, St. Paul, MN 55101. 

3NI 
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TABLE I COST, SPEED, A N O CAPACITY COMPARISON OF REMOV ABLE MAGN ETIC RECORDING MEDIA VS PAPER MEDIA 

Typical Unit 
Media Type $/Mbyte Capacities (Bytes) 

MAGNETIC CARD $80 5,000 

MINICASSETTE (Blocked, 50 ft.) 60 64,000 

MINICARTRIDGE (Blocked, 150 ft., 2 T racks) 55 270,000 

MINIDISKETTE (35 Tracks, One Side) 32 109,000 

PUNCHED PAPER TAPE (1000 ft., Reel or Z Fold) 30 120,000 

CASSETTE (Incremental, 290 ft.) 21 360,000 

DISKETTE (Single D • 77 Ttacks, One Side) 20 250,000 

MINIDISKETTE (35 Tracks, Two Sides) 15 437,500 

CASSETTE (Blocked, 290 ft.) 14 540,000 

DISKETTE (Single D., 77 Tracks, Two Sides) 14 500,000 

DISKETTE (Double D . 77 Tracks, One Side) 14 500,000 

PUNCHED CP.RD (80 Columns at 600 Cards/Min.) 10 80 

1/4-IN. CARTRIDGE (1600 BPI, Blocked 300 ft.) 9 2, 160,000 

MINI DISKETTE (Double D .. 77 Tracks, Two Sides) 8 1,000,000 

DISKETTE (Double D ., 77 Tracks, Two Sides) 8 1,200,000 

TYPING PAPER (One Page, Single Spaced) 5 2,000 

1/4-IN. CARTRIDGE (6400 BPI, Blocked, 300 ft.) 2.10 10,000,000 

1/4-IN . CARTRIDGE (6400 BPI , Blocked, 450 ft.) 1.73 15,000,000 

* Average access t ime based on one Mbyte storage (Data from Information Terminals Corp.) 

pressure in the gap area, or both read/ 
write and erase gaps. The traditional 
I /2 tape-head contour is inappropriate 
for cartridge tape drives. A consider
ably different model is required to 
provide the proper operating pressures 
and a constant wrap angle for the car
tridge. Additionally , Data Electronics, 
lnc . has developed a method for 
mounting the head without any me
chanical adjustments. This allows for 
head interchangeability in the field 
without special tools. 

What kind of head? 

the head itself, and the associated 
electronics. 

Economies can be achieved by 
eliminating the separate erase head , 
and using the write head to provide 
the erase function when it is not writ
ing data. This will still result in a satis
factory level of data reliability and car
tridge interchangeability when proper 
protocol is applied to switching the 
write head from one function to an
other. This is referred to as a dual-gap 
head without separate erase. The least 

Typica l Transfer Avg . A ccess 
Rates (Bytes/Sec) Time (sec) 

200 10 

200 320-150 

4,000 15 

12,000 0.47 

30-120 500 

3,600 20-100 

31,250 0.45 

25,000 0 .3 1 

200 20-100 

31,250 0.45 

62,500 0.45 

800 150 

6,000 20-60 

30,000 0.80 

62 ,500 0 .09 

15 60 

24,000 0.43* 

24,000 0.43* 

expensive approach is a single-gap head 
in which the same head is used for 
erasing, writing, or reading. While this 
offers the greatest economy, there is a 
significant danger in using this ap
proach in that much reduced margins 
for cartridge interchangeability be
tween drives will accrue due to the fact 
that one head gap is erasing, writing 
and reading exactly the same track 
width. Since the track position on tape 
will vary slightly from cartridge to 
cartridge , and from drive to drive, be-

Cartridge tape drives may be purchased 
with different types of heads. The 
trade-offs involved with respect to the 
application needs must be carefully 
analyzed before a decision is made on 
this matter. The most conservative de
sign will provide , on each track, an 
erase-head of a given width, followed 
by a write-head of slightly less width, 
followed by a read-head of even less 
width. This is required to effectively 
cancel tape/cartridge position indeter
minacies due to the production toler
ances of each. The result of this ap
proach is to produce a cleanly erased 
band on tape, which then has data 
written on a slightly smaller portion of 
this band. When this same data is read, 
the read-head samples even a smaller 
width. The net result is to insure the 
exclusion of any erroneous signals in 
the data path. This type head is called 
a dual-gap (read and write) , with sep
arate erase. This is the most expensive 
design, both from the viewpoint of 

Fig 3 The tape head, tape cleaner and single-point motor drive from Data Electronics' high 
density (6400 bpi) cartridge drive are shown here. The unique contour of the tape head as
sures proper contact with the magnetic tape in the cartridge. 

46 Digital Design JANUARY 1979 

• 



, 

The new features in this 
Ball high performance monitor 
will save you money tomorrow. 
20 MHz bandwidth 

100% silicon 
circuitry 

Modular sync stripper board 
converts to EIA composite input 

Electronic horizontal 
video centering 

Electronic vertical 
linearity control 

Optional dynamic focus 
and skip-scan 

The new low price will save you money today. 
Ball's 2nd generation TTL-series monitors cost less to 

operate because of the way we build them - built for 
reliable service with long life and low maintenance 
requirements. 

For example, we've added more electronic controls 
for faster set-up and service. Widened the bandwidth to 
20 MHz for better performance. Expanded our simple 
subassembly interconnection idea for greater versatility. 
We've even reduced the size of our 12" model so it fits 
where no competitor can. 

Ball Corporation Electron ic Display Div i sion 
P.O. Box 43376, St. Paul, Mn. 55164 (612) 786-8900. TWX: 910-563-3552 

General Sales Offices : 

Addison. Illinois (3 12) 279-7400 Santa Clara . California (408) 244-14 74 
Ocean. New Jersey (201) 922-2800 Upland. Cali fornia (714) 985-7110 

For video quality, our specially selected CRT gun and 
deflection assembly delivers the kind of bright, well de
tailed characters you demand in a high performance 
unit. 

Compare life cycle costs. 
You 'II have a Ball. 

If you 've been waiting to upgrade to Ball quality, now's 
your chance. Not only are our new TTL-120 and 150 
monitors fully interchangeable with our present TTL-12 
and TTL-15 units, but drop-in models for other makes 
are available as well. 

Give us a call and find out how Ball can lower your 
costs at a new low price. 
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The Bantam. 
The cocky new $599*CRT 

that just changed 
the pecking oider. 

Hazel- Hazel- Adds 
P-E LSI tine tine Regent 

User Need Feature BANTAM ADM-3A 1400 1500 100 

7 x 10 matrix tor 
highly legible Yes No No Yes No 
characters 

Black on white or 
white on black Yes No No Yes Yes 
display 

Easy to read display Display set deep in Yes No No No No hood to reduce glare 

Full 24 x 80 display Yes Yes Yes Yes Yes 

Full upper and lower Yes Option No Yes Yes case 

Non-glare screen Option Yes No Yes Yes 

Tab stops/ tab key Yes No No Yes Yes 

High operator Backspace key Yes No No Yes Yes 

throughput, low Repeat key Yes Yes No No Yes 
operator fatigue 

Shittlock key Yes No No No No 

Separate print key Yes No No No Yes 

Convenient switching 
Local- remote key Yes No Option Option Yes Local/on-line 

International French/German/ 

Character sets Swedish/Dan ish/ Option Option No Option Option 
British/Span ish 

High speed numeric Integrated numeric pad Yes Option No Yes Yes 

Convenient system RS-232/CCITI-V24 Yes Yes Yes Yes Yes 
interfacing 

Current loop Option Yes No Yes Yes 

Simplified program Transparent mode 

debugging and displayable Yes No No No No 
control characters 

Faster maintenance Seit-test Yes No Yes No Yes 

15Wx 15.5Wx 15.5Wx 15.5Wx 21Wx 
Minimum desk space Small size 19Dx 20.2Dx 20.5Dx 20.5Dx 23Dx 

14H 13.5H 13.5H 13.5H 14.5H 

Printer port Printer port Option Yes No Yes Option 

Less 
than 

Cost effectiveness Qty. 100 OEM price $599f $740 $550in $860 $895 
quantity 

1000 

*In quantities of 100. 
tOty. 1 . End User Price $966. 



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

You get everything you need for 
cleaner input and faster through
put. An upper and lower case char
acter set displayed on a sharp 7 x 
1 O dot matrix. A tu 11 24-1 ine by 80-
character screen. A complete, 
sure-touch keyboard with shadow 
numeric pad. 

You get complete tabbing . Full 
cursor addressing. Repeat, back
space and shiftlock keys. A trans
parent mode with displayable 
control characters to simplify host 
program debugging . And, a self
test mode for easy maintainability. 

And, you get everything your 
operators need to make their jobs 
a joy. A hooded display that cuts 
glare. A wide bandwidth monitor 
for sharp image$: re on 
the screen. 8 ar-
acter oa:sca1 
to make 
read 

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

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

But that's not all. The BANTAM 's 
compact good looks fit any decor. 
It's handsome enough for execu
tive row and rugged enough for the 
stockroom. Silent? The BANTAM 's 
fan-free design makes it quieter 
than an electric typewriter. And , the 
BANTAM only weighs 28 pounds. 

Only an industry leader like 
Perkin-Elmer could do it. We 
designed a powerful , custom LSI 
controller chip that makes the 
BANTAM the one and only high 
quality CRT in its class. 

But see for yourself. Use the 
comparison chart. Learn why 
we're so proud to add this $599 
CRT to the 250,000 peripherals that 
bear our good name. 

And , remember our terminals 
come equ ipped w ith a No Hassle, 
800 toll-free service phone number. 

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

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

The Bantam's 
available at all these places 
PERKIN-ELMER SALES OFFICES 
Santa Clara, CA (408) 249-5540. 
Tustin , CA (714) 544-9093. 
Atlanta, GA (404) 393-8440. 
Arlington Heights, IL (312) 

437-3547. 
Waltham , MA (617) 890-1305. 
Oceanport, NJ (201) 229-4471 . 
Mclean, VA (703) 827-5900. 
Singapore, Republic of 

Singapore 2200949 
Sydney (North Ryde) , Australia 

887-1000. 
Toronto (Mississauga) , Canada 

(416) 677-8990. 
Slough , England 753-34511 . 

Paris, France 664-1858. 
Munich , Germany 089-753081 . 
Schiphol-Oost, 

The Netherlands 020-458-269. 

:flERKIN-ELMER 
RVICE CENTERS 
dolph , NJ; Oceanport, 

; West Long Branch , NJ ; 
ester, NY; Boston , MA; 

rtford , CT; Philadelphia, 
PA; Pittsburgh , PA; 
Washington, DC; Atlanta, 
GA; Orlando, FL ; Cleveland , 
OH; Dayton, OH ; Englewood 
Cliffs, NJ; Detroit, Ml ; 
Chicago, IL; Minneapolis, 
MN; Kansas City, KS ; Tulsa, 
OK; Dallas, TX ; Houston, TX ; 
Denver, CO; Phoenix, AZ ; 
Seattle, WA; San Francisco, 
CA; Los Angeles, CA ; 
Orange County, CA; San 
Diego, CA. 

PERKIN- ELMER 
Data Systems 
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cause of the normal tolerances and 
allowable variations in edge guidance, 
the resultant signal /noise ratio will be 
significantly worse than other ap
proaches. 

Control and status at the drive? 
Additional electronics are typically 
available at the drive level in the areas 
of control and status , as well as encod
ing and decoding. A control card can 
provide the drive the required tape 
control algorithm. This relieves the 
controller of a substantial task , which 

What performance is available? 
ANSI standard data density is 1600 
bpi serial by track . This gives a data 
transfer rate of 48 ki lobits/second. 
1600 bpi , four-track parallel is also 
available, which gives four times the 
transfer rate (192 kb /s) and consider
ably easier file management. The same 
transfer rate as four-track parallel 
recording is now also avail able with 
quad-density recording at 6400 bpi . 
This density range is similar to the 
6250 cpi recording found on larger 
reel-to-reel machines. 

ETW : Effective Track Width 

Fig 4 The tape tracks that result when a dual-gap , with separate erase head is used are illus
trated here. The track widths that are given , are nominal dimensions for efficient operation . 

in multi ple drive applications may not 
be possible at the controller level. The 
output of this control card can be high
level status signals such as BOT or EOT, 
as opposed to the upper and lower tape 
hole type of signal. In addition , the 
control card makes it possible for the 
drive to share a common 8 unit bus. 
In a single or dual drive system , the 
designer must decide whether these 
functions should be inco rporated in 
the drive or the formatter /controller. 

Data encoding and decoding can 
also be provided at the drive level. The 
data format on tape will be phase en
coded at 1600 bpi or MFM, GCR or 
some other high-density code at 6400 
bpi. It may be advantageous from the 
designer's viewpoint to have this code 
conversion performed as an integral 
function of the drive electronics 
though there is no consensus on this 
matter. 

One additional drive feature worth 
having is an integral tape cleaner. Since 
drives are not always used in a com
puter-room environment, any foreign 
material that gets on the tape should 
be removed. 

Many manufacturers also offer ver
sions of cartridge drives for various dif
ferent environments. Data Electronics, 
for example offers: drives with either 
commercial, hi-rel or MIL-standard 
parts; housings for hostile environ
ments ; EMI/ RFI shielding; as well as 
extended temperature and/or shock 
and vib ration models to meet airborne 
or ship-board applications . 
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The industry standard speeds are 
30 ips for read/write and 90 ips for 
high speed search and rewind . Actu
all y , the data cartridge can operate 
and perform these functions at speeds 
of from 15 ips to 120 ips . 

All 1600 bpi recorders use some 
form of phase encoding (per the ANSI 
spec or other similar encoding meth
ods). Quad-density recorders common
ly use such codes as GC R (Group Code 
Recording - often used on high-density 
tape drives) and MFM (Modified Fre
quency Modulation - frequently used 
on high-density disc drives) . 

Where should cartridge drives be 
used? 
In addition to the general categories 
mentioned earlier (file load and dump, 
continuous monitoring, data acquisi
tion an d real-time operatin g systems) 
some of the most important specific 
applications include: 
• Disc backup - the new small Win

chester-technology fixed disc drives 
require a removable media backup. 
The quad-density cartridge drive is 
the best selection, due to its 1 7 .28 
Mbyte capacity on a single cartridge. 

• Transportable d;ta files - mailable 
updating systems are important in 
many applications, and due to the 
ease of handling and the low cost of 
shipping of the data cartridge it is 
well suited to this need . Typical 
applications include : distributed 
parts inventory systems ; credit-card 
verification ; automated bank teller. 

• Electronic PBX - cartridge drives are 
finding wide use for program load 
and dump in electronic PBX sys
tems. 

• Contin uous real-time monitoring 
for failure analysis - any time that 
a block of data must be monitored 
in real time, cartridge recorders are 
ideal. Examples inclu de: commun
ication line monitoring; power lin e 
monitoring; flight re corders; etc. 

• Tape peripheral - digital cartridge 
drives can replace 1 / 2-in , 9-track 
reel-to-reel drives and offer im
proved environmental specs and 
higher packaging density , while ful
filling the traditional tape periph
eral requirements. 

What about interfacing? 
Control of digital cartridge drives is 
not much different from the control 
of any digital tape system. A format
ter /controller must be designed that 
addresses the functions of tape motion 
control , buffering, adding and strip
ping preamble and postamble , adding, 
checking and stripping CRC (Cyclic 
Redundancy Code) or some other form 
of error detection , and generally inter
preting the commands and requests for 
status from the host processor and con
verting them into the appropriate sig
nals to activate the tape peripheral in 
accordance with the wishes of the pro
cessor. Add to this the data recovery 
requirement of compensation for the 
long and short term speed variations , 
and you 've got it all . 

The complexity of the formatter / 
cont roller wi ll be affected by the level 
of electronics purchased with the drive . 
This decision must be made in each 
application , based on cost goals as well 
as a realistic estimate of engineering 
manpower available. Add prior exper
ience in the design of controllers for 
tape peripherals , and the equation is 
completed. 00 

ABOUT THE 
AUTHOR 

Sam Thompson is vice president of 
marketing with Data Electronics , Inc . 
Prior to this , he has held management 
posts in marketing and sales with Mo
torola and Bell & Howell. Thompson 
earned a BSME degree at Drexel Uni
versity . 
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DO·IT·YOURSELF LSI·U® KIT 
Dataram offers LSI-11 users everything they need 
- chassis, memory, controllers, even an LSl-11 micro -
to get the most out of their microcomputer system 
Dataram Corporation offers LS I-I I users a PDP®-11 / 03 compatible chassis 
with a wide ra nge of memory and cont roller modules that lets you en hance 
your LSI-I I configura tion, and save money while doing it. 

They're available now from Dataram, 30 days from order, and include -

803 5 \1.i ", eight slot chassis (24 amps on 5-volt supply) 
KOii -HA DEC® LSl- 11 / 2 microcomputer 
32K x 18 D R- I 15S dual board, semiconductor ADD-IN 
16K x 18 D R- 11 5 quad board, core ADD-IN 
C03 R F-1 1 / R F-05 compatible cartridge disc controller 
T03 TM 11 / TU 10 compatible magnetic tape controller 

We've been noted for our leaders hip in core and semiconductor memory 
systems, and now, as a result of ou r acquisition of Dynus Incorporated , we 
are offering the well-accepted d isc and tape controllers previously marketed 
under the Dynus name. If desi red, we can also supply the DEC-manufactured 
KDI I-H A dual LSI- I I microcomputer board . 

r-------------------1 
I'd like to learn more about LS I- I I compatible modu les 

D Chassis D Memory D Controllers 

D Please send information. 

D Please have a salesman contact me. 

Title--------- Phone _____ _ 

Company _______________ _ 

Address----------------

City _________ State _ Zip __ _ 

D Also send me information about Dataram's LSI-I I 
compatible fixed head disk emulation systems. 

--------------------~ DEC LSl ·l I. and PDP arc reg1 .. 1cred trademarks 
of D1g11al Equipment Corporation 

1~1:Uifl1-~I 
PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 06512 

TEL609· 799.0011 rwx, 510·685·2542 







EGYPT 

54 Digital Design JANUARY 1979 

SAUDI ARABIA 

with individual needs for computers and peripherals. On the north
west of Africa, the countries of Morocco, Algeria and Libya will be 
buying computers, printers and terminals. Although these countries 
are closer to Europe, U.S. computer makers have superior equipment 
and an edge in the Arab marketplace. 

, 



Mid-East Report 

THE ARAB PRINTER 8c 
COMPUTER MARKET 
OyKue Brogna 
Contributing Editor 

Breaking into the Arab market requires a new viewpoint 

F ueled by a mind-boggling cash inflow from oil sales, 
Arab nations are having trouble disposing of their 

vast cash hordes . A good deal of this cash is wisely being 
spent for high technology products. For computer and 
printer manufacturers, this spells bonanza sales in these 
new, lucrative markets. 

A new ball game? 
But beware: doing business in the Middle East is a totally 
new ball game with a different set of rules. Patience is one. 
It usually takes a long time to get a foothold there and in
volves a great deal of time in filling out proposals and 
making presentations . How long? A year-and-a-half - per
haps two years. And if you think it 's easy to go over there , 
sell some systems, get out and not provide adequate field 
service, you'll find things don 't work that way. With so 
many people trying to sell the Arabs all kinds of crazy 
things, the Arabs have become very suspicious . 

So , the question is one of trying to establish a relation
ship of trust with the Arabs and to develop a good reputa
tion . Pitfalls exist for the unwary - field service, training, 
and , for the printers and software, that of language . 

To get the answers to these problems , Digital Design went 
behind the scenes to exhaustively interview U.S. computer 
and printer makers now in the Arab market , or about to 
enter the market. And to gain a better perspective on the 
Arab market for our special article, we not only interviewed 
Arabs , but personally interviewed Red China 's top computer 
spokesmen to see the similarities and differences between 
their approach and that of the Arabs. 

It's the tip of an iceberg 
Of the many U.S. computer and printer companies dealing 
with the Middle East which Digital Design interviewed for 
this special article, all told us that we 've only seen the start. 
Let's look at some figures. At the leading edge of this mar
ket, the U.S. has sold $42 million worth of computers and 
peripherals to this part of the world since 1975 . Last year's 
computer sales amounted to $48 million as compared to $37 
million in 1976 . Total export to the Middle East in 1977 
amounted to $12 billion with a projected 13% increase for 
1978. U.S. exports are expected to exceed $27 billion by 
1984 according to the U.S. Department of Commerce . The 
increasing Arab interest in computer purchases has prompted 

the USDC to organize a trade mission to the Mid-East in 1980. 
This trade mission approach will he! p ease the difficulties 

of dealing with 20 separate countries with varied wealth and 
political systems. Still , the Arab nations are forging along or 
planning their socio-economic development. Their attempts 
in modernization will invariably lead to the widespread use 
of computers. Time and again, the U.S. firms currently 
doing business in that part of the world told us that they 
foresee great business potential, particularly for Arabic/Farsi 
printers. 

What's a Farsi printer? 
Centronics, IBM , Intelligent Systems , Megadata and Hewlett 
Packard are just some of the big-name companies that have 
sold Arabic/Farsi , Arabic/English , Arabic/Farsi/English print
ers to the Arab countries and Iran . According to Centron-
it: 's International Accounts Manager , Peter Banhazl, his 
company could not have entered the market without a 
Farsi or Arabic printer. 

But companies that produce Arabic/Farsi printers have 
encountered technical difficulties because of the language. 
Arabic, unlike English, is read from right to left and has 
29 characters with as many as eight variations for each 
character! In Arabic , characters change depending on 
word position, the shape of it. Some computer/printer 
makers generate several codes for each character, but this 
brute-force approach is wasteful. 

What are the three-biggest stumbling blocks for U.S. 
designers? According to Fereydouni Taslimi, Director of 
Middle Eastern Operations at Intelligent Systems Corp., 
it 's "language, language and language." 

Why is Japan software-poor? 
As a brief aside, the Arab printed language lends itself to 
computers, printers , terminals and software not as well as 
Roman characters, but far better than does the Japanese 
and Chinese printed word , which have thousands of odd 
characters, and don 't exactly lend themselves to printer 
outputs or CRT displays! Japan borrowed its printed lan
guage from the Chinese ; and though their characters are 
less descriptive , they also are numerous and unadaptable 
to computers. It is partly because of the burden of their 
printed language that the Japanese lag so far behind the 
U.S. in software programming. The Chinese, recognizing 
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SALES OF U.S. COMPUTERS AND PERIPHERALS TO THE NEAR AND MIDDLE EAST 

Dig. Elec. Computers, 
Main Frame and Central Memory, 
including I ndstrl. Proc. Computers 

1975 1976 1977 

ALGERIA 253,655· 1,223,832 579,918 

·J ARAB EMIRATES 75,374 347,000 556,060 

p BAHRAIN 248,002 791,475 167,610 

p EuYPT 1,395,813 1,391,881 376,344 

IRAN 14,304, 110 3,249,833 4, 164,611 

J IRAO 532,919 261,802 

ISRAEL 4,825,371 2,857,780 6,141 ,678 

J JORDAN 930,275 165,240 

~ KUWAIT ""llRJ.l!'1b 152,440 1,610,279 

J LEBANON 396,351 

J LIBYA 248,491 464, 118 

MOROCCO 

lv7 OMAN 437,922 

\v7 QATAR 127,242 195, 154 77,076 

J SAUDI ARABIA 1,333, 164 2,008,312 6,277,917 

11 SYRIA 557 ,942 

TUNISIA 293,509 193,750 240, 184 

J YEMEN 91,440 

J YEMEN, S. 225,478 

TOTAL 23,693,338 15,690, 105 20,844, 197 

.J indicates countries observing boycott 

Source : U.S. Exports schedule B FT410/Dec 1977 

Intended for accounting, general ledger and inventory control in 

small Middle East businesses, ISC's eight-color lntercolor 8001 data 

terminal is the first Arabic and Farsi µC system that provides 1/0 
statements in Arabic, Farsi, English or mixtures. Based on the 8080, 
the 8001 is programmed in BASIC but provides all 1/0 in the native 

language. The 8001 has a mini floppy, RS-232C interface, baud rates 

to 9600, 16K of RAM and 22K of ROM containing BASIC . 
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Analogic Electronic Computers, Hybrid Electronic Computers, 
Main Frame &Central Memory Main Frame & Central Memory 

including lndustrl. Proc. Computers including I ndustrl. Proc. Computers 

1975 1976 1977 1975 1976 1977 

136,466 

127,903 

66,979 136,573 113,435 443, 172 

525,051 101 ,500 200,000 

366, 174 

66,979 1, 155,701 136,466 214,935 643, 172 

this obstacle, have instituted a massive re-education pro
gram in their schools to introduce Roman characters, 
which is far more suitable to our modern technology . 
Linguists recognize that the Chinese printed language is 
simpler, streamlined and far advanced beyond our West
ern Romance languages. Still , this advantage has now 
become a serious handicap for the Chinese and Japanese 
in this computer age. The Arabs , though their characters 
aren't clean and computer-compatible like Roman char
acters , still are far better off than the Chinese or Japa
nese . 

So, you might expect Arab programmers to prefer 
software in their own language. Not so. IBM is reported to 
have tried that and ran into a stone wall : the Arab program
mers and their managers strongly resisted this and preferred 
programming in English! The reaction of Israeli programmers 
was the same , with the same arguments voiced. It turns out 
that it's a case of higher salary and more job security ; 
programmers in Arab countries are hard to come by , and 
by making it necessary to learn English, they effectively 
make it even tougher for companies to train newcomers . 
The tight job situation will worsen. 

Fortunately , English is a second language in the Middle 
East (and most of the world, for that matter) and all pro
grammers know English without any question. Most soft
ware is in English, but some systems are in Arabic , but 
there 's no point in it ; there's not much market there. Of 
course the Arab user of a printer or CRT terminal will 
use Arab ii.:. This isn't bad when you remember that one 
software package written by an English-trained program
mer is put into a thousand or so systems and used by an 
Arab end-user who doesn't nee d to read English. 
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(sales value in U.S.$) 

Computer related machines for Input devices for Electronic 
preparing tape or punched cards Computers and parts, N. E.C. 

1975 1976 1977 1975 1976 1977 

216,324 

108,028 64,368 76,239 

453,005 80,359 92,519 

381 ,627 123,052 184,544 432,819 372 ,470 112,788 

293,289 94,052 65, 119 

351,781 270,405 213,801 

84,379 214,020 

104,337 

672,628 

86,546 

152, 715 190,924 126,863 154,477 

827 ,631 1, 167 ,202 1, 153,883 1,053,675 799,762 771 ,325 

Can you circumvent the boycott? 

Other difficulties are the Arab boycott and procurement 
of trained after-sales service personnel. 

Companies contributing to the economic development 
of Israel by investing, licensing agreements or setting up 
joint ventures are not welcome in Arab countries observ
ing the boycott. However , according to Jack Hearn , a 
Saudi country specialist, companies se lling directly o r 
through a distributor to Israel are not banned from Arab 
soil. Firms with investment in Israel can still sell to the 
Arabs directly or through a representative , although they 
cannot invest in countries observing the boycott. The 
Arab boyco tt regulations do not label computers as 
boyco ttable item , Hearn said. He added " there is no 
hard and fast rule , since a grea t deal depends on how 
the Arab boycott authorities view a particular transac
tion." Fourteen countries in the Middle East now ob
serve t\1.e boycott (see Digital Design 's table for a list 
of countries). Of course, surreptitious deals do go on , and 
scraping company logos off IC components and equip
ment does take place. Both sides have been involved . 

Saudi Arabia holds great promise 
Saudi Arabia , one of the wealthier Arab coun tries in the 
Middle East, is a staunch boycott advocate. Firms selling 
to Saudi Arabia must use a Saudi agent. However, Saudi 
firms' in terest in join t ventures has grow n , and the Saudi 
government's initiative has made these partnerships attrac
tive to U.S. companies. The March 1977 tender regulation 
gives priority to wholly o r partially-owned Saudi firms in 
granting government tenders . Financial institutions such 

Output devices for 

Electronic Computers, and Combination 1/0 Devices for 
parts, N.E.C. Electron ic Computers, and parts, N. E.C. 

1975 1976 1977 1975 1976 1977 

86,749 99,069 

123, 144 431,499 

136,689 121,720 

281,251 142, 110 83,937 152,525 

197,538 513,761 106,323 764,723 914,244 1,032, 189 

74,138 

419,160 245,312 1, 112,840 3,574,914 3,412 ,356 2,506,452 

112,439 

91,332 194,662 376,314 

243,902 73,715 

204,904 

125, 100 

453,945 116,507 432,061 524,931 

102,038 102,330 

60,482 82,272 

71 ,922 

984,698 759,073 1,673, 100 4,993,970 5,675,957 5 ,814,693 

(Continued) .,. 

as the Saudi Arabian Ind ustrial Development Fund give con
cessioned financing to joint ventures owned at leas t 51 % by 
local en trepreneurs with tax concessions based on the per
centage of joint ownership. 111ese developments reflect the 
Saudi government's committment to developing the private 
sector, which can become as great as the present government 
market. 

Saudi Arabia's 1975-1980 plan ca lls for industrial devel
opmen t to t ransform the Kingdom into a modern advanced 
country. Their goals are to: 

• maintain a high rate of economic growth by devel oping 
economic resources , maximizing earning from oil over the 
long term and conserving depletable resources, 
• reduce economic dependence on export of crude oi l, 
• develop human resources by education, training and 
raising standards of heal th , 
• develop the physical infra-structure to support achieve
ment of the above goals . 
Their development plan includes constructing an indus

trial complex at the port of J ubail on the Gui f. The project 
when compl eted will transform the small fishing village of 
125,000 into a modern city. A similar scheme is being laid 
for the port of Yenbo on the Red Sea. 

How big are Saudi Arabian markets? 
Electronic data processing is and will become increasingly 
important because the demand for prompt access to infor
mation (plus a shortage of trained clerical personnel) forces 
greater reliance on technology. According to a report from 
the Department of Commerce , software and desk top com
puters - which handle simple inventory and payroll func
tions - are already in demand . 
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(continued) 

SALES OF U.S. COMPUTERS AND PERIPHERALS TO THE NEAR AND MIDDLE EAST 

Storage Device Multiplexers 
Storage devices, Random Access for (except Random Access) (Line Interface Communication 

Electronic Computers and parts, N. E.C. for Electronic Computers & Parts. N .E.C. Devices for Electronic Computers) 

1975 1976 1977 1975 1976 1977 1975 1976 1977 

ALGERIA 147.454 121 ,943 

7 ARAB EMIRATES 99,927 

.J BAHRAIN 123,004 

.J EGYPT 

IRAN 485,986 546,550 122,613 150,911 204,186 381,268 332,662 

.J IRAQ 105,262 148,676 

ISRAEL 1,143, 126 2,226,709 4,871.411 636,462 1, 102.437 759,897 192,910 

.J JORDAN 71 ,705 81 ,240 

.J KUWAIT 102,570 81,211 

.J LEBANON 

.J LIBYA 151 ,393 

MOROCCO 

.J OMAN 79,027 

.J QATAR 

.J SAUDI ARABIA 102,000 185,710 512,21 5 

2 SYRIA 

TUNISIA 

.J YEMEN 

.J YEMEN, S. 

TOTAL 1,734,374 2.476, 163 5,854,917 1,032.411 1,325,053 1,226.461 574,178 332,662 714,246 

.J indicates countries observing boycott 

Source : U .S. Exports schedule B FT41 O/ Dec 1977 

In 197 5 , Saudi Arabia purchased $1 ,753,833 worth of 
computers and peripherals from the U.S. l n 1977, the sales 
figure increased six-fold to $ 10 ,653 ,967, making Saudi 
Arabia the second major Middle East hardware purchaser of 
U.S. computer equipment. Total 1977 Saudi import was es
timated at $ 14 billion; 22% came from the U.S. 

Some Do's and Don'ts 
Although the market in Saudi Arabia holds great promise , 
those U.S. computer firms with current deaiings with the 
Arabs all told us any firm needs patience when trying to es
tablish a foothold in the area. For example, a bid for a con
tract can last from ha! fa year to two years, according to 
Fereydoun Taslimi , In telligent Systems In te rn ationa l mar
keting manager. Personal contact , he added , also plays an 
important role in such deal ings . 

However , Hearn of the USDC (and a Saudi specialist) 
said that "getting into the Middle East market is not diffi
cult , but it's a little different." He further advised that com
panies ser iously considering the Mid-East market should 
actually conduct an on-the-spot appraisal and search out a 
good local representative . As the Saudi marketplace is highly 
personalized , to be effective , a sales representa tive must be 
able to cond uct business in the traditional friendly face-to
face manner. 

In the choice of agent or distributor , yo u should proceed 
with care. Why? In a close-knit business community like 
Saudi Arabia , agent switching can lead to disastrous conse
quences. The USDC further recommends that you do not 
appoint Saudi sales representatives as sub-agents to non
Saudi commerc ial firms because most Saudis may resent or 
even reject appoi ntments as sub-agents . It might affront 
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th eir national pride , undermine morale and lower efficiency, 
besides reducing price competitiveness and/ or service 
because of the resultant commission splitting. 

The ca pability to provide after -sales support should be 
an important consideration for you in selecting an agent. 
Most U.S. computer companies selling in the Mid-East have 
distributors that possess service ca pabilities. Companies such 
as Centronics and Intelligent Systems train their representa
tives for services and maintenance. Do you want more infor
mation on trad e with the Middle East? Then we suggest you 
contact the U.S. Department of Commerce, Commerce Ac
tion Group on the Near East (Jack Hearn), RM 3203 , Wash
ington , DC 20230. 

Iran 's industries need computers 
Governmental development programs , the rising cost ri f 
labor and an increasing competitive manufacturing at1 10-

sphere - all these will contribute to an excellent market for 
computers and peripherals in Iran through the early 1980's . 
Total computer placement increased from 63 in 1970 to 
268 in 1975. " Iran: A Survey of U.S. Business Opportuni
ties " projects that by 1980, computer installations in Iran 
would number about 500. It predic ts the value of computer 
and peripheral equipment import at over $10 million in 
1980. 

Plans to improve governmental management and informa
tion ga thering systems necessit ate • · ~ i ng computers. Projected 
applications include developmen t of climatic, logical and 
mineralogical data , industrial , 11d agricultural statistics, as 
well as census data. 

The Plan and Budget Orga ni za tion 's (PBO) intends to 
link up all Iranian Governmen t organizations to its data base 

I 

I 



(sales value in U.S. $) 

Modem (Line Interface Communication Devices Parts and 
Communication Devices for Electronic Computers, Accessories, N.E.C. for 

for Electronic Computers) N. E.C. and Parts, N. E.C. Basic Electronic Computers Total Sales 

1975 1976 1977 1975 1976 1977 1975 1976 1977 1975 1976 1977 

510,012 85,920 971 ,359 1.457,206 895,311 

60,000 245.436 221.451 75,374 779,948 1.493,204 
179,064 61.434 122,769 427 066 989 598 535 103 
142,500 282,912 311,399 2,042,033 1,851,249 1.429,739 

61,590 2, 189,381 878,839 1, 165,029 19.260,065 6,597,362 7,516.220 
117,205 91,530 77,313 222.467 752,352 561,929 

325,281 341,736 130,065 2,002,946 3,860,589 3,688,522 13,832,219 14,661 ,384 19,932,957 

83,905 105,042 146,816 83,905 1, 107,022 505,735 

122,686 135,574 515, 128 399,213 482,676 2,899,522 

324,911 162.048 1,099,501 235,763 

65,238 259,375 465,122 1 ,341 ,650 259,375 

105,529 355.472 230.629 

524.468 79.027 

127,242 195,154 77,076 

151,447 428,691 2,217 ,909 1,753,833 3 ,788,539 10,653,967 

659,980 102,330 

196,705 103,278 178,360 550,696 663,202 500.816 

91.440 

225.478 

325,281 341,736 130,065 61 ,590 60,000 6, 116,000 6 ,279,245 9 , 171,648 41.401.535 36,432.740 47,908.703 

by the ea rly 80 's. If you 're a compute r maker, look for in
creased purchases in compu te rs and /or terminals. The com
puter currently used by PBO is the IBM 370/ 158 model, 
and by 1980 the core capacity of the sys tem will be in
creased to IO megaby tes. The funds for this improvement 
and expansion will come from the $2 million b udget during 
the six th plan period (s tarting this year). Though the suppli
er for the expansion of the main frame computers will be 
IBM , the PBO will remain open to compe titive suppliers for 
minicomputers. 

Other government groups will buy 
What other gove rnment organizat ions plan to purchase new 
computers o r expand memory capacity of existing compu
te rs during the 1977-80 period? They incl ude the Ministry 
o f Post , Telephone and Telegraph (MPTT), Nati onal Iranian 
Radio and TV and the Ira n National Tourist Organ ization . 
The MPTT has o rdered a Honeywell "mass memory" unit 
which will be delivered in 1980. 

The Iran National Tourist Organization's (INTO) plan to 
install a computerized reservation system fo r its ho tel net
work will result in installation of terminal facili t ies and 
smaller computer systems in the country's hotels. 

In 1976 19 companies represen ting the manufacturing, 
transpo rtatio n, banking, printing and publishing and se rvice 
industries decided to purchase computers or expand existing 
capacity during the 1976-80 period ; 10 have yet to fulfill 
their plans. 

Iranian business needs computers 
" Iran : A Survey of U. S. Business Opportunities" projected 
the 1975-85 as a decade of real indust rial expansion 

fo r Iran. Rapid rise of industrial activity, tigh ter government 
controls, high wages for employees and constant expansion 
of gove rnment, the survey ad ded , will contribute to the con
stant growth in the use of computers and printers. Market 
fo rces, high costs for raw materials and higher taxes will 
force Iranian companies to modernize operations by 1985. 

Priva te fir ms are expected to continue purchasing com
puters to improve acco un ting procedures and to meet 
gove rnment requirements for more accurate business records. 
Don't expect increasing business activities to be hand led by 
abac us, or even adding machines It necessitates using 
computers in manage ment, inventory con trol, special-
ized processing and business functions. If we can beli eve 
presen t business t rends, the banking industry shoul d be a 
major purchaser of sma ll business computers. In 1976, 19 
of the coun try's 34 banks had insta ll ed computers, whil e the 
remainder had budgeted funds for computerization over the 
next few years. The introduction to central ized bank clear
ing operations will result in further automation in the Irani
an banking system . 

Software sales growing 
There will be an increase in compu tcr software sales because 
of the critical shortage of programmers and analysts, as well 
as the shortage of keypunch opera tors. TI1is makes procure
ment of software packages attractive . In the mid l 970's 
there was considerable over .. capacity in computer processing 
capabili ty ; thus, many users who initially employed compu
ters for only payroll and accounting purposes will be looking 
for mo re advanced appli cations for their equipment. Govern
ment agencies employing the integrated data and informa
tion system are expected to purchase software packages for 
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data storage and retrieval , statistical analysis, resource in
ventory and eva luation , mapping and other specialized ap
plications. 

Computer time sharing was in its infancy in 1976, but 
improved te lephone com munications will increase time 
sharing to about 25% of total usage by 1980. This will lead 
to opportunities for sales of various on-line and interactive 
software packages to government and business users . 

How do I start? 
Business dealings with Iran and Arab countries are similar ; 
success generally depends on long term commitment, 
thorough homework, frequent visits to the country, pa tien
ce and persistence. Joe Yusif, executive director of the 
American Arab Association of Commerce and Industry , told 
Digital Design that, like Saudi Arabia, business relationships 
in Iran are highly personalized. So , if you ' re smart, you'll 
get a reliable and capable representative. Furthermore , a 
good representative will keep you fully informed of new 
business opportunities and other shifts in the market, and 
will cu ltivate and maintain necessary personal contacts in 
government and the private sector. A local representative 
can be especiall y valuable in dealings with the public sector, 
Yusif added, since doing business successfully with govern
ment organizations usually requires more time than a rep 
from the home o r regional office could reasonab ly spend in 
the country. 

How do you identify a good local associate? It requires 
that you follow-up with conventional sources such as trade 
and banking references , U.S. businesses in Iran, the Embassy 
Commercial Section and Chamber of Commerce. 

After-sales se rvice is a critical problem in Iran, wor
sened by Iran's riots. U.S. firms which pla ce their own 
technical service rep in Iran , or in the region enjoy a de
cided advantage over those that rely entirely on the lo
ca l sa les organizat ion . Every Iranian distributor who has 
attempted to develop a good se rvice capability has had a 
difficult time reta ining competent technicians because 
of Iran 's continued rapid industrial development. So , to 
solve this problem, a group of America n manufacturers is 
trying to form a service consort ium . If successful , it ma y 
be adoptea by computer makers. 

An exce ll ent source of basic information about Jran is 
the "Area handbook fo r Iran" prepared by Foreign Area 
Studies of the American University, Washington , D.C. For 
a detailed sector-by-secto r survey of the Iranian economy 
consult " Iran: A Survey of U.S. Business Opportunities." 
Copies of these books are available at $9.20 and $4.75 , 
respectively, from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, DC 20402. 

Finally , we recommend that you bone up on the culture 
of those count ries you intend to do business in (and talk 
abou t "women 's lib," some countries do not allow women 
to even drive in the compound!) . The laws are also stricter; 
criminals don't get suspended sentences or dare default on 
court appearances. Also, you should talk to those who have 
been there. Many U.S. EEs go there for two years with their 
families, usually live in a compound , make good salaries, and 
then return home. 

UAE, Bahrain and Kuwait 
Though Israel , Saudi Arabia and Jran are to become big U.S. 
computer purchasers, officials interviewed by Digital Design 
all said that future U.S. computer sales look bright for the 
United Arab Emirates (UAE), Bahrain , Kuwait, Libya and 
Algeria. 
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UAE, one of the world's richest countries in terms of per 
capita wealth, imported $500 million worth of U.S. goods in 
1977 . The USDC expects the figure to rise to $560 million 
in 1978. With a high surplus balance of payments and ambi
tious technologically-oriented development goals, the UAE 
is an attractive market in which to sell U.S. computers and 
peripherals. The accelerated industriali zation is creating a 
need for computers and peripherals. 

Bahrain 's traditional role as a regional service and com
mercial center expanded in the past two years . A central lo
cation , availability of office space and private housing, and 
good communication and transportation systems - these 
and other pluses make Bahrain attractive to many foreign 
firms . 

A 1975 program of "off-shore banking units" attracted 
forty international banks to Bahrain, including several prom
inent U.S. banks . So, not surprisingly , the number of U.S. 
firms with offices in Bahrain doubl ed in 1976 to approxi
mately sixty. In December 1977, the Bahrain government 
issued regulations governing a new program of "exempted" 
commercial companies , thus permitting firms to organize 
regional headquarters without Baluain sponsorship or part
nership. What does this expansion in commercial act ivity 
mean for you? It means that Bahrain wiU need modern 
eq uipment , computers and peripherals to carry on daily 
commercial activity . 

Kuwait , the second largest cash-paying buyer of U.S . ex
ports in the Arab world, should reach $540 million sales in 
1977 and increase to almost $7 00 million in 1978, accord
ing to S. Dickson Tenney of the Bureau of Export Develop
ment. Kuwait has one of the highest per capita incomes in 
the world , increasing foreign exchange reserves and a large 
buying propensity in both government and business sectors. 
Kuwai t's development plan through 1981 aims at further in· 
dustrialization and plans to invest over $16 billion during 
the next five years. The Industrial Bank of Kuwait , which 
has a $350 million low-interest loan from the government , 
encourages the development of private , medium-sized indus
tries . 

Libya and Algeria's oil export provide the countries with 
very sizab le revenues. But , these two co untries are virtually 
unknown markets to many U,S. firms . Some American com
panies fee l inhibited from approaching these markets by the 
fact that both countries have social ist governments and tradi
tional ties with European suppliers. However, both Libya 
and Algeria plan to develop their countries industrially. m 
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ThinkOntel 

Ontel terminals are more than 
just well-designed, flexible and 
reliable ... they're low-cost total 
systems all sensibly engineered to 
meet maximum OEM user needs. 

We offer powerful cluster 
systems. Master terminals 
coupled with intelligent slaves 
provide unique distributive 
processing capabilities. 

Providing the software you need 
is a must. We offer three high 
level languages, forms genera
tion , word processing, text 
editing, extensive utilities and 
diagnostics .. . all running under 
Ontel 's Disk or Diskette 
Operating System. 

Ontel software enables our users 
to reduce their development 
costs for a multitude of different 
applications. 

Ontel terminals have a modular 
structure with up to 64K of 
memory and are designed for 
field upgrade. They' re easily 
programmed and have a full 
range of controllers includ ing 
communications, mass storage 
and printer interfaces. 

Contact us today fo r the 
intelligent answer. 

Edward J . Heinze 
Vice President Domestic Sales 

Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 

(516) 364-2121 
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MAGNETIC MEDIA 
SURFACES 

Digital Design talks to Lew Whitaker 

An article titled "Magnetic Media Maintenance Saves mC/µC Data" appeared 
earlier in Digital Design (June 1978, pp. 24-26). This article, written by Lew 
Whitaker, urged minicomputer and even microcomputer users to examine and 
adopt magnetic media maintenance measures. We received a number of reader in
quiries, asking for more information on magnetic media maintenance. So, to shed 
more light on this important subject, we decided to get the answer. The follow
ing dialogue covers highlights of our interview with Lew Whitaker, vice president 
of marketing at Innovative Computer Products in Tarzana, CA. 

DD: What does Innovative Computer 
Products do? 
LW: ICP is a little over two-year old 
California corporation, involved with 
developing and manufacturing pre
ventive maintenance cleaning devices 
for removable magnetic media used 
with computer systems. During this 
two year period, we have become a 
leader in our field, according to our 
customers. 
DD: What do you mean by magnetic 
media? 
LW: Any plastic or metal base stock 
coated with material capable of being 
magnetized to record data serves as 
magnetic media. Examples include 
magnetic cards, cassette tapes, disk
ettes, disk cartridges and disk packs. 
DD: Why has an interest in all forms 
of media maintenance appeared? 

and disk have remained substantially 
the same, higher recording densities 
and the much closer operating toler
ances have made a dramatic entrance. 
For example, tape densities have in
creased over the years from 200 bpi to 
the current 6250 bpi. In addition, 
read/write heads now fly only a few 
microinches above disk surfaces. 

DD: Do these higher densities and 
closer tolerances require better, clean
er media? 
LW : Absolutely. On magnetic tape 
with data recorded at 200 bpi density, 
you could read individual bits . Small 
bits of dirt create problems - none 
of them disastrous. However, at 6250 
bpi, a micro-sized particle of dirt could 
wipe out the Gettysburg Address. On 
rotating disk systems, read/write-heads 
now fly only a few microinches from 
the disk surfaces. Any contaminant on 
the disk surface, such as smoke , dust, 
fingerprints or oil, for example, could 
not only keep data from being read or 
written , but cause a catastrophic head 
crash - the worst thing a user can ex
perience. 

LW: Media maintenance has existed in 
various forms for over 15 years. Basic
ally, the media is the same now as 
then. However, what has changed is 
the environment where data is being 
processed. Large scale computers re
quire clean-room conditions, tempera
ture and humidity controls. Today's 
minis are found in factories, offices, 
warehouses and basements - just 
about any place you can imagine. 

Disk cleaner using polyurethane pads saturated with volatile, non-flammable solution . 

DD: You say that media is basically 
the same now as 15 years ago. What 
are the differences? 
DD: While the forms of media , tape 
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Tape cleaner using blade and tissue concept. 
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A Workhorse That's A Winner • • • 
At1250 LPM 
Model 5321 is an off-the
shelf drum printer, already 
engineered for your tough 
jobs. Jobs that demand 
heavy-duty print cycles, long 
hours of reliable operation 
and consistent print quality 
- at high speed! This is a 
full-size printer for 
mainframe-size jobs. 

Years of dependable 
service in countless 
installations have earned it a 
reputation as "the workhorse 
of the computer industry." 
The MDS 5321 is no slouch. 
It can produce human
readable or machine-readable 
hard copy, on a wide 160-
column print line, 1-up, 2-up, 
3-up or 4-up, at speeds to 
1250 lines per minute*. 

A variety of type fonts is 
readily available. Gothic style, 
IBM-compatible, ECMA, 
OCR, and CMC 7 or E 13B 
MICR fonts - so important 
in financial applications 
where secure check 
imprinting is involved. 

The 5321 is completely 
buffered. A full line of print 
data with its associated 
formatting instructions is 
stored in memory while the 
previous line is still being 
printed. This means 
maximum throughput and 
no missed dates for your 
production schedule - no 
overruns on your print 
budget! 

*{]sing standard 48 contiguous 
characters. 64, 96 and 112 
character sets optionally available. 

Consider the outstanding 
features of MDS 5321: 

• High-speed paper slewing 
to 75 ips 

• Additional tractor pins to 
minimize tearing of form 
holes 

• Low-inertia servo motors 
to considerably reduce 
maintenance requirements 

• Quick-loading VFU 
mechanism designed for 
extended form-loop life 

• Failure-proof sensing 
switches for No Paper or 
Paper Low conditions 

• Advanced ribbon mech
anism to assure maximum 
usage of entire spool 

• Optional extended inter
face for additional status 
monitoring. 
Circle 39 on Reader Inquiry Card 

The 8-bit interface is 
already in place. The next 
move is yours. Whether 
you're in the OEM business 
or a systems house 
specializing in custom 
applications, it will pay you to 
look into the MDS 5321. 
Quantity discounts available. 
Send coupon today for a 
detailed Fact Sheet. Or call 
collect, H. Johnson at (315) 
866-5300 or J. Engstrom at 
(714) 772-0803. 
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"Since contamination is 
the most common cause of 
media problems, a regular 
program of media cleaning 
guarantees more hours of 

error-free operation." 

DD: Does recording on various types 
of media use the same techniques? 
LW : Similar , but not identical. Flex
ible media, such as l /2" computer 
tape , audio cassettes, video tape and 
flo ppy disks, make head-to-media con
tac t. Di rt does not usually damage a 
hea d, but pressure and contact can 
grind contamination into the oxide 
surfaces. Disk ca rt ridges and multi
plane packs use a fl yin g head that does 
not actually to uch the media. How
eve r, a particle of dust can interrupt 
the aerodynamics of the fl ying head 
and c:w se the head to bounce in to the 
me dia to force a di sastrous head crash. 
DD: Shoul d users clean all fo rms ot 
magnetic me di a? 
LW : Yes, because all surfaces get dirty 
and need cleaning. 
DD: Surely you don' t mean such low
cost items as cassettes or floppy disks? 
Wouldn 't it be cheaper to throw them 
away and buy new ones? 

LW : Most of our competitors offer 
equipment for various segments of the 
media cleaning and inspection market. 
Each of them approaches the problem 
from a different technical viewpoint 

Disk cleaner using a two pad system. One 
saturated with isopropyl alcohol and one 
dry ing pad to remove residues. 

and none approaches the whole mag
netic media area as we do . Some clean 
only tapes and some clean only disks . 
They all do it diffe rently than ICP. 
DD: What do you mean by the phrase , 
"differen t technical viewpoint"? 
LW : One firm uses a detergent and 
water solution to clean disk platters . 
Other companies use a 90% isopropyl 

alcohol solution to clean disks . All 
companies supplying magnetic tape 
maintenance equipment use a blade 
for removing di rt , bu t some get rid of 
the scrapings with tissue wipes , others 
with vacuum . 
DD : How does your approach diffe r? 
LW : First , we analyzed the types of 
contaminants to be removed. Then we 
developed a solution and pad tech
nique for effective removal of this 
type of contamination . Interestingly , 
we found that all types of media sur
faces contained surprisingly similar 
contamination. This fact makes our 
way of contaminant removal effective 
on tapes and disks. We use a proprie
tary nonflammable fluid for each type 
of medium . 
DD: Who are your competitors? 
LW : For disk cleaning, Randomex uses 
a detergent ; Kybe uses isopropyl alco
hol fo r 5- and 10-high packs, Texwipe 
and Computerlink use a manual device 
fo r disk packs, and Data Devices uses 
prepackaged isopropyl alcohol pads 
for cart ridges . For tape cleaning, Kybe 
and Computerlink make use of a simi
lar blade and tissue concept , while 
Data Devices equipment uses a ro tat
ing blade and vac uum system. 
DD : Which cleaning method is bes t? 
LW: I can speak only fo r ICP and not 
the others. The disk engi nee ring de 
partments of fo ur ve ry large computer 
companies fo und that ICP solutions 
and equipment clean media safely and 
very effect ively. Burroughs and Digi tal 
Equipment Corporation are marketing 
ICP products worldwide. 
DD: llow much does it cost to clean a 
cassette or disk? 
LW : On ICP equipment , yo u can clean 
a casse tte fo r about 15 cents and a 
top- or front-loading disk ca rtridge for 
less than 70 cents. 
DD : Who are your typical customers? 
LW : About the onl y thing that typi fies 

LW: First of all , you very seldom 
throw the media away before they 
cause serious problems (read failures) . 
Even after a catastrophe , you often set 
aside - not throw away - the trouble
some cassette or diskette , which ano
ther unsuspecting operator may use. 
Secondly, since contamination is the 
most common cause of media prob
lems, a regular program of media 
cleaning guarantees more hours of 
error-free computer operation - and 
incidentally, lower media costs. Al
though , I don' t have sta tistical data to 
back my claim, I believe that a user 
can easily double the life of his media 
with regular cleaning. Finally, while 
media such as floppy disks or cas
settes may be inexpensive , the data re
corded on them is often priceless. Pen
nies expended on cleaning often re
turns your investment many times 
through more efficient operations. 
DD: Do yo u have competitors in the 
magnetic media cleaning equipment 
business? 

Tape c leaner using rotati ng blade and vacuum concept. 

64 Digital Design JANUARY 1979 



Performanc8..t Reliability, 
and Now a 3u0 Megabyte 
Disk Subsystem at 
Substantial --------
Savings! 
Users of DEC® and Data General minicompu
ters can now take advantage of higher transfer 
speeds offered by advanced CDC Storage 
Module Drives and get up to 50% more disk 
capacity! 

All they need is the Xylogics 300 Megabyte 
Disk Subsystem. It's only one member of a fam
ily of disk subsystems that range from 2.5 mega
bytes to 1.2 billion bytes. The reliable, thoroughly 
proven Xylogics disk controller matches the mini
computer performance to the CDC Storage Mod
ule Drives. You get more capacity, faster response 
times, and best of all, you can save as much as 
50% of present costs! 

A look at our specs will show you how you 
can make your computer-based system pay off 
better with the Xylogics 300 Megabyte Disk 
Subsystem. Call or write. Today! 

Xylogics 300 Megabyte Disk Subsystem 
features include: 
• Operates with RT11 , RSX11 M, RSTS/E 

and DIBEX on DEC CPU'S 
•Operates with ROOS, AOS, IRIS and 

BLIS®/COBOL on Data General CPU'S 
• Transfer rates up to 1 .2 mb per second 
• Dual Port Disk Drive Capability 
• Multiple Computer Access 
• Mass Direct Data Transfer 
• ROM Bootstrap Loader 
• Word Transfer to 64k Block Length 
• ECC Error Detection and Correction 
• Rotational Position Sensing 
• Direct Memory Access Throttle Control 
• Implied Seek 

....... and more! 

• BUS is a registered trademark of Information Processing, Inc. 

~DEC is a registered trademark of Digital Equipment Corporation . 

50%. 
more capacity 

50% 
faster transfer rate 

50% 
lower cost 

Xylogics 
Xylogics , Inc., 42 Third Avenue , Burlington , Massachusetts 01803 (617) 272-8140 

We did it with .... innovation/imagination/integrity 
Circle 40 on Reader Inquiry Card 
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"Cleaning resembles life 
insurance - you only need it 

when you really need it." 

cleaning. I explain to these people that 
cleaning resembles life insurance -
you only need it when you really need 
it. Sooner or later, they will, for like 
the ad says, "Pay me now, or pay me 
later" . 
DD: Is media maintenance here to 
stay? 
LW: Yes . Since cleaning does not harm 
magnetic media , there is no one I 

our customers is that they use mag
netic media in their computer systems. 
And their systems range from micro
computers to some of the largest main
frames in industry. Some maintain 
small software libraries; others , large 
ones. 
DD: What wo uld you advise a com
puter user who has never cleaned his 
media before to do? 

know of who could possibly take the 
position that cleaning magnetic media 
is harmful. Now, as more and more 
minicomputer and even microcomput
er users discover that cleaning magnetic 
media is desirable and necessary , the 
inroads that magnetic media cleaning 
has made will continue. 

ABOUT THE AUTHOR 

LW : Sta rt now. Many potential cus
tomers have told me that they have 
been using magnetic media for a num
ber of years without problems that 
they have attributed to the lack of 

Disk cleaner using nyl on bristle brushes and 
detergent solut io n. 

Lewis A. Whitaker is currently Vice 
President of Marketing for Innovative 
Computer Products in Tarzana, CA. 
Befo re coming to ICP, he held sales 
mangement positions for Data De
vices Inc. and KYBE Corp. , both firms 
that manufacture media maintenance 
equipment. His articles appeared in 
''Journal of Data Management" and 
'The Communications of the ACM." 

Memodyne Introduces Two New Ways 
To Expand the Caf>t!bilities of Your 

Texas Instru nts Inc. Silent 700*Tenninal 

WRITE ONLY RS232C 
OR PARALLEL DIGITAL 
CASSETIE RECORDER 

MODEL 2146 

• Records RS232C data @ Baud Rates of 

• ·· ·• 
~ -~ 

110, 150, 300, 600, 1200 •Records Teletype data (20 MIL loop) • Records 
Parallel , ASCII data up to 120 characters/sec . • Fully TIL Compatible • Formats 
data for playback on Tl Silent ?oo· terminals . 
The Memodyne Model 2146 records digital data on standard Philips cassettes . As 
a stand alone instrument it is ideal tor constantly monitoring and recording the 
outputs from blood counters , nuclear counters, chromatographs , spectrometers 
and other laboratory and industrial apparatus tor later analysis on a Silent 700· 
terminal. 
The Model 2146 offers three major advantages. 
1. Permits data gathering at remote sites and times not conveniently accessible 

to the terminal. 
2. Prevents the terminal from being tied up collecting data . 
3. Allows a much taster and easier entry method to the computer than a 

keyboard . An OEM version , Model 146 is also available. 

READ/WRITE 
RS232C OR 
PARALLEL 
DIGITAL 
CASSETIE 
RECORDING 
SYSTEM 

MODEL 3765-SBV 

• Records RS232C data@ Baud Rates up to 4800 • Records Parallel data@ 
rates up to 500 characters/sec. • Formats data for playback on Tl Silent 700· 
terminals• Reads tapes written on Tl Silent 700· terminals. • Compatible with 
several other Memodyne recorders . 

The Model 3765-BBV records digital data on Philips cassettes but also reads and 
transmits this data either in parallel or RS232C Serial formats . Since the data is 
written on the tape in a format compatible with the Tl Silent 700" terminal , tapes 
may be played back at a later date on these terminals . The 3765-BBV will also 
read tapes written on the Silent 700" terminals and transmit the data out at high 
speeds . 
The 3765-BBV is a complete system with manual , logic or coded controls tor tape 
movement and data entry and removal making it extremely useful as a peripheral 
to a mini or micro computer as well as an off-line recording instrument . 

"Trademark of Texas Instruments, Inc. 

For more information on 
these instruments 

please call or write: 

memody~ (617) 444-7000 , TELEX 922537 
220 RESERVOIR ST 

CORPORATION NEEDHAM HGTS. 1v1A 02194 

Circle 4 1 on Reader Inquiry Card 
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A "meua
success" 
in 

NOW PREPARING FOR ITS 
THIRD ANNUAL SHOWING 

1978! 

International 
.Mic1ocomputc1.1 

.Minicomputc1.1 
.Mic1op1occ.1.101.1 

19, 20, 21 June 1979 
Palais des Expositions, Geneva, Switzerland 

ANOTHER PRIME OPPORTUNITY TO SELL 
TO THE EUROPEAN MARKET 
Microcomputers, Minicomputers, Microprocessors, Peripherals, Components and Services 

A 60% LARGER EXHIBITION r 
IS PLANNED 
The sales results IMMM obtained ~ 
for its 1978 exhibitors is clearly ",:::::~""?'"~ 

indicative that in 1979 more and 
more producers will be displaying 
products for use in every type of 
industrial , commercial , consumer 
and military application. Their 
enthusiasm has prompted many 
additional manufacturers of small computers (firms 
which attended and observed in 1978) to make serious 
commitments regarding participation in the next show. 
With these new exhibitors and the increased space 
already requested by 1978 participants, IMMM '79 will 
be a much larger show! 

In 1979, the kind of people you want to meet -
executives, engineers, designers, manufacturing and 
support supervisors, and others - will be out in force 
.. . to see, to learn , to BUY. And you will want to be 
there with YOUR products and services. 

IN THE U.S.A. IN EUROPE 
Mr. Joseph Maurer Mr. Ernest Jungmann 

~ ~ 

. PROGRAMME DESIGNED 
TO ATTRACT MANY 

MORE VISITORS 
The large audience of highly 

qualified and seriously 
interested visitors who attended 
the previous IMMM expositions 
was obviously pleased with the 

technical programme. Comments 
indicate that tf!e programme, as 

well as the exhibition , will be a key factor in attracting 
an even larger group of attendees to the next show. 

The 1979 programme, chaired and presented by 
internationally recognised experts, again will be de
signed to offer the kind of practical solutions to day
to-day problems that attendees seek. 

SPONSORED BY DISTINGUISHED PUBLICATIONS 

Polyscope 
(Switzerland) 

Digital 
Design (USA) 

Electronique 
(France) 

Personal 
Computing (USA) 

Elektroniker 
(Germany) 

Mini-Computer 
News (USA) 

Mini-Micro Systems (USA) 

IN THE U.K. IN JAPAN 
Mr. Bert Saunders Mr. K. Yamada For Mr. Harry Lepinske Promotion Marches Exterieurs Kiver Communications S.A. ISCM Japan 

Details, Industrial & Scientific Residence Mexico (U.K. Branch Office) Kokado Building 
Conference Management, Inc. 65 rue du Javelot 171/ 185 Ewell Road 1-3-18 Akasaka 

Contact: 
222 West Adams Street 75645 Paris CEDEX 13, Surbiton, Surrey Minato-ku, 
Chicago, Illinois 60606 France KT6 6AX England Tokyo 107. Japan 
Phone: (312) 263-4866 Phone: 583-96-62 Phone: 01-390-0281 Phone: 03-585-8321 
Telex: 256148 Telex: 210500F Telex: 929837 Telex: 28887 

11\"fllAn\.I .. n-.n. r'\ :_ ;..,_ _ , ""' -- · -



DESIGNERS' NOTEBOOK 

Hex-to-Binary Converter Runs on 8080/6800 
This program identifies the hex char
acter from its 7-bit ASCII representa
tion (parity bit zero) and converts it 
to its binary value. The number of in
structions used is minimum , and it 
runs on both the 8080 and 6800 , as 
far as their assembly language is con
cerned (source code will be different) . 
It assumes the 7-bit ASCII character in 

characters can be identified by the 
same program by just changing one lo
cation; and in that case, the instruc
tion used to ad just the number in 
accumulator to hex will also be elimi-

.~ 

nated, thus leaving a 6-instruction 
program. 

B.K. Gupta , 50 (SD) , Computer 
Section, Bhabha Atomic Research 
Center , Trombay , Bombay 85, India . 

LABEL OPERATION OPERAND COMMENTS 

8080 6800 1 ~ 

the accumulator and leaves the binary FIND SU I SUBA# '30' Subtract '30' from (A ) wi thout t · 

result in the accumu lator if the hex 
number is identified. Alpha-numeric 

FLOW CHART 

(a) Solid lines refer to HEX characters 
(b ) Dashed lines refer to ALPHA

NUMERIC identification 

(A) ' = (A)' - 302 

NO 

" (A) = (A) - 11 / \ 
'-----.---~ I \ 

- - - - -((A) >19).-
' I '\ I 

\ I v 
(A)= 
(A)+ OA 

NOTES: 1. (A) = Contents of Accumu
lator 

2. ALL Nos. are HEX 
3. # refers to 'Immediate' 

addressing 
4. CY= CAR RY F LAG 
5. 'Y' = '06' for HEX 

'Y' = '1 A ' for ALPHANU
MERIC 
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Borrow 

CPI CM PA # 'OA ' Compare (A ) wit h 'OA' 

JC BCS FOU N D No. is nu meric if CY was set by 
previou s operation 

ALPHA SUI SUBA # " 11 " Subtract " 11" from (A) w i t hou t 
Borrow 

CPI CMPA# ' Y ' Compare (A) w ith '06' or '1 A ' 
JNC BCC No HEX If CY = 0 , No . is not t he requ ired 

one 

ADI AD DA # ' OA' Adjust t he Accumulator to true 
bi nary 

•I FOUN D 

!I No HEX 

A Dedicated Computing Process Controller 
Process industry requires continuous 
comparison of a process parameter 
with a set value to control the processs 
accordingly. Coarse control can be 
done (Ref 1,2) using a chain of 
4-bit magnitude comparators (7485s) . 
For obtaining a finer resolution, 
here 's a versatile technique of compar
ison in which the exact difference is 
available as modulous with sign to 
drive proportional position controllers. 
To compute the difference , this sys
tem accepts data directly in BCD form 
(normally available from digital mea
suring instruments) and does not re
quire any interfacing code converters 
(viz., BCD-to-binary), thus economiz
ing in hardware . 

In the circuit of Fig 1, the Process 
Parameter "P" is loaded into the Input 
Counter (74190s) and the Set Value 
"S" is loaded into the Input Latches 
(7475s) simultaneously by narrow 
load pulses 0 2 and Q2 respectively. 
0 2 also clears the Display Counter 
(74144s). The values of P and Sare 
then compared in a Comparator 
(7485s) whose outputs control the 
Up/ Down and enable functions of the 
Input Counters, and Enable function 
of the Display Counter. If at the time 
of loading P*S , the Display Counter 
is enabled to count and simultaneously 
the Input counter is also enabled to 
count up (if P < S) or down (if P > S) . 
When the Input Counter reaches a 



state equal to S, both the counters are 
disabled and MS 1 gets triggered. The 
status of the Display Counter at this 
instant represents the absolute differ
ence between P and S ( IP-SI ) which 
is transferred to the Display Latches 
(of 74144s) by the pulse Q1 for flicker 
free LED display. The sign bit informa
tion is latched into a D-Flip Flop at 
the trailing edge of the load pulse 0 2 

before counting starts. The trailing 

edge of 0 1 trigge rs MS2 to generate 
load pulses 0 2 and Q2 thus starting 
next repetitive cycle. 

If at the time of loading P = S, the 
feed back from 02 to A 1 triggers 
MS 1 at its trailing edge, as no positive 
transition occurs at B 1 input of MS 1 • 

Thus MS 1 and MS2 form a free run
ning multivibrato r to keep the cycle of 
operation repeating (Fig 2). 

The R 1 C 1 \4.7k, JµF) combination 

PRO CESS PARAMETER VALUE 1P1 

10 "' 

.,. ,, c a 

74190 

Q,, Q, Q 1 GIA 

•• A, A, ~ . ... A>& 

A•& 74 85 A = & 

A<B A <6 
a, ., &, .. 
Q~ Q3 Q, Q , 

C.1...,1 

74 7.5 

"· "• D, 
Cu• 

l>, 

D a 

~ THUMB WHE EL 

/ 00 

<• D a 

I/PL 741:10 
c-4 

Q,, Q, Q 

A3 A, A, 

A>B 
A= 8 7485 
A<.6 

63 6, fl, 

Q .. Q, o, 
747~ 

D a 

EB 

C:.t...-..a 
Q 

• 

/tt LI 
'-' 

is used to generate th e load pulses 
(02 & 02) as soon as power is 
switched on (at t=t 0 ) to the sys tem. 
The computation time T depends on 
IP-SI and the frequency of the 'Oscil
lato r' formed by schmitt gates (74132), 
and the rate of sampling further de 
pends on the periods T 1 and T 2 o f 
MS 1 and MS 2 respectively. 

In addition to the LED display, the 
difference of P and S is also avai lable 

SWITCHES J>L 701 A .DL 707 DL 707 .. 
10" 10° 

10 "' 10° 

SET VA L UE 1 5 ' BCD OUTPUT TO POSITION CONTROLLER 

Fig 1 Circuit d iagram of a dedicated computing process controller. 

t-t. 

B, ______j'~--------------fu~-------~ 

I 

T ' 
I 

' I 
I 
I 

\ 

Q, --------' 

---- P/-S --------f---- p = s 

Fig 2 Timing waveforms of circuit shown above. 

in the BCD form (from 74144s) alo ng 
with polarity bit for use with position 
con trailers. 

We wish to thank Dr. Amarjit 
Singh , Direc tor and Dr. G .N. Acharya , 
Head of El Group , for their constant 
encouragement. 

M.Y. Subba Rao and Dilsukh Jain , 
Geeri , Pilani-333031, India. 

References 

I . M.Y . Subba Rao & S.C. Mittal , 
" S 7485 gives carry look ahead 
digital comparison " , Electronic En
gineering, Vol. 50 , No. 603, March 
1978, Pg. 2 1. 

2 . M.Y . Subba Rao , " Modified digi
tal comparators with carry look a 
ahead can be cascaded." Electron
ic Engineering, in press. 



DESIGNERS' NOTEBOOK 

Pulse Time Delay for Digital Lock-Out 
Gate pulse propogation delay provides 
a simple lock out circuit in a system 
which has only one central logic sys
tem and several I/O terminals. 

Fig 1 shows the system circuit of 
two I/O terminals. Common signal line 

is for signaling the central logic for 
data input or output. MM74C902 is 
hex open-drain P-channel buffer gates 
which make wire-OR connection pos
sible . Fig 2 provides the circu it's 
timing diagram . 

- -------------- - - - - - -- - -1 . common 

---, 
I 

O Q££., S 1 /6 MM 74C907 I ~ii;;:al , - -

1 ON I : I 

QCR D 

Q CL 

1/2 MM 74C175 1/ 6 MM 74C04 

I 
~ u 
~ ·c, 
Q) 0 u __J 

-- - --- --------- - -- , 
0 OFF ,/ © 1/6 MM 74C907 I 

ON S2 ~ 1---<J "0--+-~~~-+-~~~ 

--.:1 ®~ 
Ci= I 
I- "' :.:'.'. .<:: I 1/2 MM 74C175 
u §I 
~ Q) 
Q) ., 

-5 0 I o::::: 
-- _J 

Fig 1 System circuit logic diagram 

S, OFF S,ON I S, ON 
1
s , ON S1 OFF 

S2 OFF
1
1s 2 0FF S2 ON 1 S2 0F F S2 OFF 

I I . 

0 ~~ I : ~ 
I I I I 

Common 
1

1 I 
Signal~ 
Line 0 I I I I 

@6~-
1 I I 

@ 6~ ---1---- -i----~----- · 
I I I I 

1 I I I 
@a~ 

I I I I 
® 1 --7-----11----~-----

o I I I 
I I I I 

06~ 
I I I I 

@ o I ! 
I ® 1~~_,_~~~~ 

Fig 2 Timing Diagrams 
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1/4 MM 
74C08 

1/ 6 MM 74C04 

Data Bus 
I L __ _ 

_____ __ _ J 

When none of the terminals is 
ON, the common signal line is al
ways LOW; point C, HIGH . 
Suppose S 1 is ON ; then point A is 

Share Your Ideas 
Tired of re-inventing the pyramid? 
If you're looking for new software 
and hardware ideas, then we hope 
that these design ideas will make 
your next project go smoothly. 

And in case you have a nifty 
circuit or unique software routine 
sitting in your files , and you would 
like to see your name in print, why 
not send it along for publication 
in this column? 

Whether you're writing a brief 
Designer's Notebook or longer arti
cle for us, don't try to be formal or 
worry about gran1mar, spelling, 
punctuation and style. Write as you 
speak, as you would explain it to 
another engineer. 

HIGH. Because of MM 74C907's 
propagation delay time (t 0 d;- 150ns 
typically for V cc- 5V) and of 
MM74C04 (t 0 d0- 50ns typicall y for 
Vcc5V), point C is still HIGH 
for a short duration (200ns, for 
typical value). This short pulse from 
the AND 's output is long enough to 
clock the MM74CI 75 D-type flip-flop 
(typical minimum clock width is 
130ns for V cc- 5V), and set the D flip
flop's output level. This output leve l 
change can be used to enable the tri
state buffer or to turn on other analog 
circuits in the 1/0 termina l. 

The lock out logic works when 
some other 1/0 terminals try to 
turn ON. In this .diagram, S2 turns 
ON. Since S 1 is already ON, com
mon signal line is HIGH ; F, LOW. 
It implies that no matter if S2 is 
ON or OFF , output from the A Dis 
always LOW. The D flip-flop can 
never be clocked; its output cannot be 
set. The rest of this 1/0 terminal circuit 
cannot be turned ON. 

When S 1 turns OFF , it resets the D 
flip-flop , irrespective of whether there 
is a clock pulse or not. It is because 
the CLEAR and D input of the D 
flip-flop connect directly with S 1 • This 
provides individual turn-OFF fu nction 
of each 1/0 terminal. Common signal 
line resets , and is ready for another 
ON signal. 

Suinin W. Wong, Qume Corp., San 
Jose, CA. 

If you can't type , then don't 
let that stop you: just write out 
your description. But be sure to 
enclose schematics, block diagrams, 
flow charts or computer printout, 
detailed descriptions and- most 
important- a one to three page 
description. 

Circuits and software programs 
must not be previously published 
(house organs excepted) . Finally, 
we ask one more thing- that you 
include schematics, block diagrams 
and that your program be debugged 
and your circuit bench-tested. 

Send your software and hard
ware ideas to: Circuits Editor, DIGI
TAL DESIGN, Ben will Publishing 
Corp ., 1050 Commonwealth Ave. , 
Boston, MA 02215. 



OEM America Meets 

at the Invitational Computer Conferences 
In Boston .. . in Ft. Lauderdale ... 
in Denver and eight other cities, 
OEM decision-makers meet the 
country 's top computer and 
peripheral manufacturers at the 
Invitational Computer Confer
ences - the only seminar/displays 
designed specifically for the 
unique requirements of the 
quantity user. 

In one day, at each 1978/79 
ICC, guests will receive a concen
trated , up-close view of the newest 
equipment and technology shap
ing our industry. Some of the 
companies participating in the 
1978/79 ICC Series are: 

CalComp, Cambridge Memories, 
Inc., Centronics, Cipher Data 
Products, Inc., Compugraphic 
Corp., Computer Automation, 
Inc., Computer Design , Com
puterworld , Control Data Corp., 
Data 100 Corp ., Datamation , 

Datamedia Corp., Dataproducts 
Corp ., Dataram Corp ., Data 
Systems Design , Inc., Datum , 
Inc., Diablo Systems, Inc., Digital 
Design, Electronic Engineering 
Times, Honeywell Information 
Systems, Houston Instrument, 
I SS/ Sperry Univac, Kennedy 
Company, Lear Siegler, Inc., 
MOB Systems, Inc., Microdata 
Corp., Mini-Micro Systems, 
Monolithic Systems Corp ., 
National Semiconductor, NEC 
Information Systems, PCC/ 
Pertee Division, Perkin-Elmer 
Data Systems, PerSci , Inc., 
Pioneer Magnetics, Inc., Plessey 
Periperhal Systems, Powertec, 
Inc., Printronix, Inc., Remex, 
Rianda Electronics, Ltd ., Shugart 
Associates, Storage Technology 
Corp., Sykes Datatronics, Inc., 
Tally Corp., Tektronix, Inc., Tele
type Corp. , Telex Computer 
Products, lnc.,Texas Instruments, 
Inc., Tri log, Wangco. 

The schedule for the 1978179 
Series is: 
Sept. 6, 1978 
Oct. 3, 1978 
Oct. 5, 1978 
Nov. 9, 1978 
Jan. 16, 1979 
Feb. 8, 1979 
Feb. 26, 1979 
Mar. 29, 1 979 
April 17, 1979 
April 19, 1979 
May 8, 1979 

Newton. Mass. 
Valley Forge, PA 
Washington. D.C. 
Palo Alto, CA 
Orange County, CA 
Ft Lauderdale, Fla 
Atlanta, GA 
Dallas. Texas 
Dayton. Ohio 
Chicago, Ill 
Denver, Colo. 

Invitational 
Computer 
Conferences 

Invitations are available from partic1pat1ng companies or the ICC sponsor For further 
information contact B. J Johnson & Associates. 2503 Eastbluff Drive, No. 203, Newport Beach. CA 92660. (714) 644-6037 

Circle 42 on Reader Inquiry Card 
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SOFTWARE 
DESIGN SERIES 
Lance A. Leventhal 
and William C. Walsh 
Emulative Systems Co. 

• Corrections may themselves intra
duce additional errors. Modular and 
structured programming will produce 
programs with a simple flow of con
trol that allows easy correction. 

Good design and coding practices 
can greatly reduce the frequency of 
this problem. An unstructured pro
gram may seem more efficient than 
a structured program, but may be 
almost impossible to debug. 

Debugging Microprocessor 
Programs 

• The errors may be in the central 
structure of the program. Top-
d own design allows the programmer 
to build a core that is correct. 
• Errors may occur only after a 
relatively long time. The program
mer may find it very di rficult to de
termine when the error begins and 
what causes it. He can waste a large 
amount of time sequencing through 
sections that are correct. 

Most engineers (and certainly most 
managers) cannot understand the 
need for an elaborate development 
system, such as the one shown in 
Fig I to support an inexpensive 
microprocessor. After all, they see 
prototyping boards and kits adver
tised for a few hundred dollars. 
Sucli boards are even included in 
the cost of many popular short µP 
courses. 

Why are these boards inadequate? 
Couldn't the adding of features some
how bridge the gap between evalua
tion boards costing a few hundred 
dollars and full development systems 
costing many thousands of dollars; 

One of the major problems with 
simple boards (Fig 2) is lack of ade
quate debugging tools. Consequent
ly we will discuss the aims of debug
ging, describe the most common 
tools, and show how they are imple
mented in simple prototyping boards 
and by expensive development sys
tems. Since the basic tradeoff is one 
of man hours vs. development equip
ment, the rising cost of labor and the 
pressures of schedules obviously op
erate to make expenditures on im
proved hardware and software tools 
worthwhile. 

The aims of debugging are simple 
enough: finding and correcting errors 
as quickly as possible. But notice 
some of the complicating factors in 
microprocessor-based systems: 
• Since the microprocessor chip is 
monolithic, we cannot observe its 
internal workings directly. Registers, 
flags and internal buses are all hidden 
from our view. 
• Hardware and software are usu
ally developed concurrently and 
errors may occur in either or both. 
Note, for example, the combina-
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ti on of keyboard, display, dials and 
LORAN receiver in the Internav 
SIM RAD LORAN-C navigation 
computer shown in (Fig 3). 
• Errors may be time-dependent 
and occur sporadically. 
• Vendors sell microprocessors with
out supporting hardware or software. 

The debugging procedure must 
isolate the error and make its effects 
as obvious as possible. Commonly 
used tools include: 

Fig 1 AM I 6800 microcomputer development system (Courtesy of American Microsystems, 
Inc., Santa Clara, CA). 

The cost of CPUs is far too low to 
allow the bundling of support. 
Furthermore , supporting hardware 
and software are unnecessary in the 
final configuration for most dedicat
ed applications . 

Any computer system may con
tain other typical debugging prob
lems : 
• The errors may be very subtle and 
difficult to pinpoint. A careful se
lection of test data is essential. Al
though you must omit extraneous 
complications , you must cover all 
cases . Note that you must plan for 
debugging and testing very early 
in the development process. 

Fig 2 Datac 1000 Computer tutorial card 
(Courtesy of Datac Engineering, South
ampton, PA). 



• A breakpoint that halts the entire 
microcomputer system at a certain 
specified point so that you can ob
serve all the intermediate states. 
• A trace that provides a time history 
of program execution. 
• A single-step mode that allows you 
to execute the program one step at a 
time. 
• A dump that allows the contents 
of a group of registers or a display or 
printout of a section of memory. 
You may implement these tools 
partly in hardware and software. We 
will mainly discuss the software ver
sions here , because this magazine has 
discussed hardware tools such as logic 
analyzers and in-circuit emulators 
elsewhere (Ref 1,2). Of course, even 
after you have used tools to identify 
and isolate the errors, you need facil
ities for actually correcting them. 

Let us see what debugging facil
ities most simple boards can provide . 
Typically they supply: 
• Breakpoints that may be auto
matically or manually inserted by 
placing jump instruction at the 
specified memory location. 
• A trace that lists register con tents 
at each step. 
• A single-step mode, 
• Memory and register dump facilities. 

Many of the problems with such 
facilities quickly become obvious to 
the user. Traces and dumps are practi
cally worthless without some kind of 
printer. Otherwise, you can spend 
endless amounts of time copying 
numbers from a CRT or display. Un
less the error is very simple, you must 
work with a printed o utput during 
analysis. Simple breakpoint facilities 
are highly inconvenient and lack 
flexibility. You must identify the 
specific addresses at which program 
execution is to be halted. You must 
also try to keep track of which break
points have been implemented and 
why . Most simple systems lack the 
ability to insert breakpoints on spe
cific instructions, at specified times , 
or when particular memory loca
tions or I/O addresses are being used. 

The insertion of breakpoints is im
possible , if some, or all, of the pro
gram is in ROM. Since the single-
step mode is unbearably slow, it dis
torts system timing . A single-step 
mode is only useful , if the error has 
been isolated to a small section and 
if adequate trace facilities are avail
able. The debugging facilities (and 
the system monitor) may interfere 

with the user program and make 
some of the microcomputer's facil
ities unavailable . There is nothing 
more annoying than finding that an 
interaction between the program and 
the monitor has caused an error. 

Even after you have located an 
error, correcting it remains a prob
lem . The on ly errors that you can 
easily correct on most simple micro
computers involve a single memory 
location or minimal reorganization. 
Otherwise , you must start all over 
again or patch in corrections. Patch
ing results in documentation prob
lems and can produce a program 
that looks more like a patch-work 
qui] t than a logically designed system. 

Expensive development systems 
typically offer a large number of 
facilities , many of which may be 
combined into a debugging package 
or monitor. The development sys
tem usually includes a printer, CRT 
display and mass storage for saving 
user and system programs. Thus, 

breakpoints become far more flex
ible and powerful , traces more use
ful , and corrections easier to imple
ment. The debugging package, which 
generall includes entirely separate 
facilities from the user programs, 
does not interfere with their opera
tion. For a program of even small to 
moderate length , these facilities can 
save a lot of time. 

An intermediate approach to the 
continuous use of the development 
system employs a local prototyping 
board for simple applications and 
attaches it to the development sys
tem only when required . The proto
typing board must , however , con
tain reasonable debugging facilities 
and be compat ible with the larger 
system. 

A good, typical example of an 
intermediate approach, the Rock
well AIM-65 (Fig 4), costs under 
$500. The AIM-65 is fully compa
tible with Rockwell's larger devel
opment systems. While such boards 

Fig 3 lnternav Simrad CC-2 navigation computer includes LORAN receiver. (Courtesy of 

Simrad Inc., Armonk, NY). 

Fig 4 Rockwell AIM-65 µ C contains a 20-
character alphanumeric display and a 20-
character thermal printer. 

cannot replace full-scale develop
ment systems, their range of debug
ging tools makes them very useful 
for education, laboratory applica
tions and prototyping. For anything 
except simple education and famil
iarization, a microcomputer without 
such debugging facilities wastes 
time and money. 

References 
I . K. Pine , "What Do Logic Analyzers 
Do? " Digital Design September 
1977, pp . 55-72. 
2. G. Miller, "Using Microprocesso r 
Development Systems", Digital De
sign, September 1977 , pp . 101-104. 

l/\1\11 IADV 10"'70 n;,...;+ .... I n ..... ,.; ......... 



PRODUCT HIGHLIGHT 
Unique Design Lowers Price/Boosts Performance 

Array Processor Opens 
New Applications 

Boasting a $7 ,500 price tag for its 375 IC, four-board 
set , with a full system (5.25Hxl9Wx20"D, 20 lb.) priced 
at $12,500, the AP-400 array processor (AP) is aimed at 
new applications where APs were not previously practi
cal or cost-effective. The AP-400 is a fully programmable 
(Fortran, host assembly, AP-400 assembly language or 
combination) 24-bit mantissa, 16-bit exponent floating 
point high-speed computer peripheral processor that per
forms 107 arithmetic and logical operations/sec. It per
forms data-dependent table-lookup operations at 1.0 
MHz. Host-to-AP data transfer is DMA, while direct data 
input is at 2.1 MHz. It executes a 1024-point complex 
FFT in 7.4 msec ; a real convolution (512 data and 1024 
kernel) in 7.3 msec ; and 1024 point real vector-vector 
multiplication in 0.5 msec. 

Data may be acquired through a host interface or di
rectly through a standard auxiliary input port. A multi
level interrupt structure and powerful executive provide 
realtime capability for applications requiring concurrent 
asynchronous data acquisition processing and output. 

The standard AP-400 software package includes com
plete utility , system and computational software to meet 
all host and AP-400 development, test and application 
needs . 

Enclosed in a standard rack-mounted cabinet, the AP-
400 system includes built-in supply, provision and ample 
space for built-in, wide-dynamic-range, low-noise , multi
channel data acquisition circuitry and substantial memo
ry expansion capability. The computing circuitry, laid 
out in standard DEC card sizes, comes as a card set for 
inclusion within other host cabinetry or within the stan
dard Analogic system cabinet. 

For users needing more than the normal block-float
ing-point , 24/16-bit format, they can use double preci
sion integer and block FP, and true FP formats. Data 
memory is directly expandable to 64K of 24-bit words. 
Its arithmetic pipeline provides the power of "table 
based functions" at pipeline throughput rates of 1.92 
µsec . During the course of a pipeline period, AP-400 can 
carry out 4 multiplications, 12 additions and can simul
taneously perform several table lookups and logical oper
ations. For example, it can carry out a logarithmic trans
formation at 1.92 µse c/point with an error of less than 2 
x 10-6 . 

Table-look-up parameters are totally user-specified 
and up to 24 256 pairs of 24-bit word word/table may 
be allocated anywhere in memory. Based on its 2.1 M/ 
sec multiplication, 6.3 M/sec addition, simultaneous 
table lookups and other logical operations, the AP-400 
opens up new vistas of application. An extensive library 
of macrocoded instruction sets, used in the AP-400 de-
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The AP-400 array processor in rack mounting case with inte

gra l supply, showing space available for additional data memory. 

Note space provided at left for Analog data acquisition cards. 

sign , provides versatility and easier programming. 
Since most control , status and data transfer between 

the AP and its host is via DMA, the AP-400 doesn't 
waste its time on mundane data transfers, thus simplify
ing programming and unburdening its host. 

AP-400 has four PCBs - the 2901 µP-based control 
processor , data memory and command- and address buf
fer, pipelined AU and interface card. AP-400 has a dual
pipelined processor ; both·data to be manipulated and in
structions are pipelined. 

The heart of any AP is the hardware that performs high 
speed computations . In most AP's, the arithmetics are 
" pipelined " to achieve high throughputs - typically , 107 

computations/sec. Computation rates can be increased by 
using BCL or by configuring several pipelines in parallel 
and splitting the computation load . 

AP-400's three-stage arithmetic pipeline performs 
complex functions (Cross Product , FFT butterfly step, 
filter pole-pair step) in response to a simple machine-lan
guage call. To perform each such function, the pipeline 
is configured by a Pipeline Arithmetic Command (PAC), 
stored in ROM. The cobination of arithmetics and data 
memory is controlled by specifying only three para
meters: input-data addresses, function to be performed, 
and output-data addresses. Furthermore, one PAC fol
lows another without waiting to clear the pipeline ; pipe
line reconfiguration time is zero. Also , transport lags re
quired to execute a command are invisible to the user, 
simplifying software. 

For full utilization of the arithmetic logics , a buf
fered command and address pipeline parallels the arith
metic pipeline. The control signals for the adders, 
shifters, and multipliers in the ari thmetic pipeline are 
created in , and transmitted along, this second pipeline as 

Continued 
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In DDP -- FUTURE TRENDS 
In DDP Management -- ORGANIZING FOR TOMORROW 

For the new user -- DATACOMM SCHOOL 
For the experienced user -- APPLICATIONS FORUMS 

In software -- MERGING THE DATA BASE AND DATACOMM ENVIRONMENTS 
In total network services -- ACS, SBS, XTN 

In office communications -- THE 'DISTRIBUTED' OFFICE 
In terminals -- MORE INTELLIGENCE AT LESS COST 

On the international scene -- EXPANDING MULTINATIONAL LINKS 
In security -- MAINTAINING DATA AND SYSTEM INTEGRITY 

In technology -- MICROS, MEDIA AND MESSAGES 

The new directions that data communications and DDP are taking today are pointing the 
way to tomorrow's world of processing data. Plan now to be well along that road. 
Plan now to attend INTERFACE '79 ... 
The largest data communications conference and exposition in the world. 

The Seventh Annual National Data 
Communications Conference and Exposition 
Co Sponso•ed ov DATAMATION Maga1"'e 

McCormick Place, Chicago 
April 9-12, 1979 
Conference and Exposition Management 
by THE INTERFACE Group 
160 Speen St. , Framingham , MA 01701 
Call toll-free (800) 225-4620. 
In Massachusetts call (617) 879-4502. 
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$231 PAPER-TAPE READER 
HAS ONE MOVING PART 
This paper-tape reader comes with TTL interface 
and has only one moving part. It reads any standard 
tape at 150 cps, asynchronous. Bi-directional, the 
unit stops on character and automatically detects 
taut tape and end of tape . The reader's user
furnished clock input is a positive-going pulse that 
advances tape at the input's negative-going edge and 

may also strobe the output data. Power requirements 
are + 5V at 200 mA and 24V at 600mA. Stand alone 
versions with parallel or serial RS 232 outputs, 
fanfold box and spooler are also available. Price 
$231 (100 units). Addmaster Corporation, 416 
Junipero Serra Drive, San Gabriel, CA 91776. (213) 
285-1121. 

Circle 43 on Reader Inquiry Card 

r----------------------, 

----------Circle 44 on Reader Inquiry Card 
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PRODUCT HIGHLIGHT Continued 

Control Processor 
With Ram For 
Program Store 

Host Bus 
Interface 

~-l_.._ _ __,1'-R_a:c..;I u 0 utpu; 

Command And 
Address 
Buffer 

Aux Port 
Interface 

J 1 LData MemoryfAddress Bus 
Commands L 1 1 

j Addres~Modifier ::l ~~----
Pipelined H . µ Data Memory 

Command r:=; Pipelined 24 Bits 
Decoding Arithmetics 4K - 64K Words 

l 
Memory Output Bus 

Architecture of the AP-400 shown in this simplified block dia
gram illustrates four main array processor functions. 

the PAC's are decoded . Since the Control Processor's 
commands to the pipeline are buffer-stacked , the pipe 
line functions with high efficiency . 

These two concepts - a structured arithmetic pipe
line with built-in function decoding, plus buffering be
tween the arithmetics and the rest of the AP - are keys 
to the AP-400 Series. 

How many applications can users find for lower-cost 
APs? No one knows, but obvious uses include lower-cost 
computerized X-ray tomographic scanners , side-scan 
sonar, radar , vibration analysis , audio and video digitiz
ing, geophysical and seismic exploration , research , 
sorting fruit , real-time speech enhancement , nuclear 
medicine , signature analysis (faster FFT/DFT convolu
tions to handle more samples), real-time industrial con
trol, simulation , monitoring and signal processing 
applications that extract information from a noisy , dis
torted signal masked by random and systematic effects. 

With its full programmability and user-programmable 
lookup tables , AP-400 corrects and linearizes data , com
pensating for detect and /or electronics offsets by making 
corrections for system geometries, non-linear detector 
gain characteristics, and interaction between beam and 
target (such as differential absorption of different wave
lengths). Finally , ability to modify system characteristics 
to match new detectors, movement of detectors or in
creased /decreased data points makes it possible to move 
or replace (defective) detectors without re-running tests . 

AP400 is supported with complete system software 
for driving and managing it from the host computer. 
User interface begins with host FORTRAN while using 
the benefits of pipelined macrocode. The extensive 
library of host FORTRAN Function Calls maximizes 
programming efficiency. Available packages include the 
AP-400 assembler (PL40-008) to provide users the choice 
of developing additional functions, and the AP-400 Vir
tual Front Panel Handler (PL0-007) for interactive soft
ware diagnostics. Further customer support includes 
customer training programs, technical support and a 
user 's group. 

Analogic Corp. , Audubon Rd. , Wakefield, MA 01880 
(617) 246-0300 



PRODUCT HIGHLIGHT 
Focus on Minicomputers 

Three Nova 4 Computers Offer 50% 
Increase in Speed, Handling 

A family of three NOV A 4 comput
ers provides up to 50% faster speed 
than the NOVA 3. NOVA 4/C has 
a 64 K-byte computer on a single 
board; NOV A 4/S, a higher per
formance model, has up to 64 K
bytes on two boards ; and extended 
memory NOV A 4/X has a standard 
Memory Management and Protec
tion capability , with a 256 K-byte 
computer on two printed circuit 
boards. All are available in either a 
5-1 /4 -in- high, 5-slot chassis or in 
a 10-1/2-in-high, 16-slot chassis. 

NOV A 4/C has a NOV A 3's 

speed on a single board; the two
board NOV A 4/S and 4/X models 
are 50% faster than the NOV A 3. 
Instruction set enhancements add 
new byte manipulation and integer 
arithmetic capabilities to the 
NOV A 3 instruction set. 

The CPU board in all three mo
dels contains an asynchronous ter
minal interface, real-time clock (op
tional in NOV A 4/C), Memory Ma
nagement and Protection Unit (in 
NOV A 4/X only), automatic pro
gram load, power fail/auto restart, 
virtual console, and optional hard-

The two-board design of Data General's NOVA 4/X computer shown above incorporates 
CPU, MMPU , async interface, real-time clock, automatic program load , and power fail/ 
auto restart on the CPU board, an up to 256 Kbytes on a single memory board . 

ware multiply/divide. Jn the NOV A 
4/C, the CPU board also contains 
up to 64 Kbytes of semiconductor 
memory. 

The microprogrammed NOV A 4 
incorporates the 16-bit NOVA 3's 
architectural features including 
hardware stack and frame pointer , 
high-speed DMA channel and 16-
level priority interrupt structure. 

The NOV A 4/S and 4/X pre
fetch processors store instructions 
in a high-speed buffer in the CPU, 
often eliminating memory fetch. 
High-speed 400-nsec memories are 
accelerated with standard four-way 
interleaving, allowing the pre-
fetch processor to load instructions 
at 20 MB/sec, thus reducing mem
ory conflict on memory modifi
cation instructions. This produces 
typical instruction execution times 
of 400 nsec for STORE and 200 
nsec for ADD. An optional Float
ing Point Unit operates in parallel 
with the CPU and executes a 
double-precision STORE in 200 nsec 
and double-precision ADD in 1.6 µs. 

Memory boards come in 32 and 
64 Kbyte increments for the NOV A 
4/S, and 32, 64, 128 and 246 Kbyte 
increments for the 4/X. NOV A 4/C 
comes with 16, 32, and 64 Kbyte 
memory on the CPU board. NOV A 
4/X's memory management and 
protection hardware performs logic
al-to-physical address translation 
providing user programs with ac;ess 
to 256 Kbytes of main memory 
through four address extension 
tables - two program maps and 
two data channel maps. 

NOV A system and application 
software is executed under a multi
tasking Real-time Disc Operating 
System, Real-time Operating Sys
tem, or Disc Operating System. 
NOV A 4 language support includes 
FORTRAN IV with ISA real-time 
extensions, globally / locally optimiz
ing FORTRAN 5, Business BAS JC, 
single- and multi-user extended 
BASIC, and ALGOL. Communica
tions support includes the Commu
nications Access Manager , the Sen
sor Access Manager , RJE80 (IBM 
2780/3780) and HASP II remote 
batch terminal emulators. NOV A 
4/C (Model 8390-H), $3500; 
NOV A 4/S (8393-H), $7600; 
NOV A 4/X (8395-N), $56,886. 

Data General Corp ., Rte. 9, West
boro, MA 01581. (617) 366-8911. 

Circle 168 
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NEW PRODUCTS 
12-BIT DAC 

A total error of 0.3% over wide temperature 
ranges (-55 to +125°C) is offered by the 
DAC87. This hybrid is guaranteed mono
tonic and linearity error less than or equal 
to l LSB over the temperature range. Gain 
Drift is under lOppm/°C .. A later generation 
of the DAC85, DAC87 is pin compatible 
with its DAC80 and DAC85 families and 

maintains standard pin configuration for 
complete 12-bit DAC's. DAC87 is housed in 
a 1.4 x 0.8 x .22" welded, leak proof, her
metically sealed package. It's designed for 
use in hostile environments, but in applica
tions where the cost of a MIL screened part 
is impractical. DAC87-CBI-I, $93(100). 
Burr-Brown, Box 11400, Tucson, AZ 85734, 
(602) 746-1111. Circle 126 

PROCESS CONTROLLER 

A distributed µP-ba sed control system in
tended for semiconductor diffusion equip
ment features English language commands
the Tycom 800-provides precise computer 
control of time-and event-oriented flow pro
cesses in the manufacturing of semiconduc-

::.• :•II 

tors, fiber optics and a variety of other 
industrial flow sequences. It has a 15-in. 
CRT, keyboard and floppy disc drive pack
aged in a compact console. An on-line 
printer for hard copy of data can be acces
sed to the Tycom with the use of printer 
commands. Tylan Corp., 19220 S. Norman
die, Torrance, CA 90052. (213) 532-3420. 

Circle 127 

PAPER TAPE READER 

Model'612 Stand Alone Paper Tape Reader 
has greater capacity than earlier models. It 
reads 5 to 8-level tape and transmits 7 to 11 
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frames/character at 50 to 9600 baud. It 
starts and stops on character at all speeds, 
has choice of manual control or X-on, X-off, 
90 to 260 V, 50 to 60 Hz power and even, 
odd or no parity. RS-232, current loop or 
parallel outputs are available as is a choice 
of desk top or rack mounting. Model 612, 
$625-$761. Addmaster Corp., 416 Junipero 
Serra Dr., San Gabriel, CA 91776. (213) 
285-1121. Circle 128 

128Kx22 CARD MEMORY 

The MicroRAM 3500 Semiconductor Me
mory System of the Micromemory 3000 
family of cards boasts on-card options such 
as ECC (single bit error correction and mul
tiple bit error detection) and word or byte 
parity generation and checking. The card is 
also available with features such as page 
mode, byte mode, and error stop and fault 
location LED display which operates in con
junction with the ECC option. Provisions 
have been made for battery back up. In page 

mode with a match condition a cycle time 
of 270 nsec. is achievable, a no match condi
tion would yield a cycle time of 450 nsec. 
Non page mode cycles are completed within 
400 nsec. The card operates on ±5 and +12 
VDC but can also utilize +5 and ±l5 VDC as 
an alternative. $4,995, OEM qty . EMM, 
12621 Chadron Ave., Hawthorne, CA 
90250. (213) 644-9881. Circle 129 

TERMINAL ATTACHMENT 

Comm-Stor III , when attached to the user's 
asyncluonous RS-232 terminal, provides a 
sophisticated data entry station . Standard 
business forms and user-defined formats are 
easily set up on the system to simplify data 
entry. Comm-Stor III requires no intelli
gence in the user's terminal and, through an 
internal µC, provides all intelligence neces
sary for forms data entry, validation, dis
kette storage and data transmission. Primary 
application of Comm-Stor III is source data 
entry of documents, such as: sales orders, 
job reports, freight weighbills, insurance 
claims, tax forms and registrations. Data on 
diskette can be automatically converted by 
Comm-Stor III to the IBM 3740 Data Ex
change Format for immediate entry into 
IBM systems. $3375. Sykes Datatronics Inc., 
375 Orchard St., Rochester , NY 14606. 

-(716) 458-8000. Circle 131 

DUAL-HEAD DISKETTE DRIVE. 

RFD 4000, an IBM media-compatible, flex
ible disk drive incorporating a test proven 
dual-head design that features band drive 
positioning, improving data track signifi
cantly over traditional lead screw systems. 
It is media compatible with the single-sided 
IBM 33FD and the two-sided IBM 43FD 
single and double density drives. It stores up 

to 1.6 Mbytes of unformatted data and 1 
Mbyte in IBM 128 byte sector format. Ac
cess time of the dual head drive is 3 msec. 
track-to-track, providing an average seek of 
only 91 msec. (including settle). The RFD 
4000 provides electrical/physical interface 
compatibility with Shugart's SA 850/851. 
$740. Remex, Inc., Box C-19533, 1733 
Alton St., Irvine, CA 92713. (714) 557-
6860. Circle 132 

MATRIX PRINTER 

This high speed (600 cps) character matrix 
printer, intended for high-print volume ap
plications, has a print head developed and 
manufactured by Florida Data Corp. The 
basic PB-600A ($4300) has standard fea-

tures of a µP controller, 894 character buf
fer, internal test, and optional switch select
able to 4 different print fonts. The firm has 
just introduced the BNY printer which also 
features graphics and plotting capability and 
a 2-pass character font that looks like a solid 
character print. This feature is interesting in 
OCR and labeling applications. Florida Data 
Corp., 3308 New Haven Ave., West Mel
bourne, FL 32901. (305) 724-6080. 

Circle 137 

CRT TERMINAL 

The VT-4800 Video Computer Terminal 
offers 48 lines, 80 characters, 5x7 matrix, 
u & 1 case. single board and vector graphics 
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option. The VT-4800 has its own 4K bytes 
of RAM (expandable to 16K bytes), com
plete cursor control, direct cursor addressing 
by keyboard or software, character read at 
cursor position (on 8 bit bus), scroll up and 
scroll down through data (up to 16K bytes), 
five clearing functions, and page increment 
and page decrement. It also provides video 
inversion on any character, decoded and 
user strappable ASCII control codes, stan
dard RS-232 serial I/O (TTL serial and par
allel also), selectable BAUD rates from 110 
to 9600, and composi te and separate video 
outputs are available. The VT-4800 can be 
upgraded to a vector graphics terminal by 
adding a GT-4800 graphics board. Basic con
figuration is 256 by 240 (X,Y), and can be 
expanded to 512 by 480 (X,Y) by adding 
more RAM and software. $1395. SLM, Inc., 
2366 Walsh Ave., Santa Clara, CA 95050, 
(408) 727-1030. Circle 130 

32K-WO RD CORE MEMORY 

An enhanced 32K-by-20-bit word core 
memory system, the STORE/3220, has a 
250 nsec. access time and a full cycle time 
of 650 nsec. The nonvolatile memory is in
tended for µCs, process control systems and 

applications where data integrity and speed 
is important. The self-sufficient planar mem
ory is fab ricated on a single 11.75" wide by 
15.4" deep by 1.0" high card. Up to four 
cards may be linked in one chassis for max. 
storage capacity of 128K x 20-bit words or 
64K x 40 bits. The STORE/3220 is a plug 
compatible with the Micromemory-3000 
interface. Worst-case power requirements 
are +5V, 3.9A; and -15V, 0.55A. The boards 
may be hou sed in an optional 19" wide by 
22.4" deep by 5.25" high chassis with a self
contained supply. A self-test card option is 
available. $2K. Dataproducts Corp., 6219 
DeSoto Ave., Woodland Hills, CA 91364. 
(213) 887-8451. Circle 134 

MICROCOMPUTER DESIGN 

"Microcomputer Design," a 190-pg. intro
duction to microcomputers by Carol Anne 
Ogdin shows how other designers have suc
cessfully applied µCs and µPs in the past, 
and how their experience can be used in 
your daily work. The emphasis is on how to 
use µPs - not on how they work or are 
made. Cloth, $12.95; paper, $8 .95. Prentice
Hall , Inc., Englewood Cliffs, NJ 07632. 

Circle 290 

Macro 
data capacity 
Raymond's Model 6409 
Mini-Raycorder packs 128K 
bytes of storage and the 
performance of much larger 
systems into micro-sized 
hardware. Yet, it has all the 
reliability which you have 
come to expect from Ray
mond, The Small Tape Drive 
Experts. 
For complete information, contact: 

Micro 
cpmputer 
Size 

~ Raycorder Products Division 
\L) Raymond Engineering Inc. 

217 Smith Street, Middletown, Connecticut 06457· 203) 632-1000 
a subsidiary of Raymond Industries 

Circle 45 on Reader Inquiry Card 

ROYTRON'" 
plug-compatible reader/punch 
Desktop combination reader/ punch with serial 
asynchronous RS-232C compatible interface. 
Designed to operate with a terminal device on the 
same serial data lines or alone on a dedicated 
serial line. Reader will generate data at all 
standard baud rates up to 2400 baud . 

Punch accepts data at all standard baud 
rates up to 600 baud continuous or 4800 baud 
batch , utilizing a 32 character buffer. 

Two modes ol operati on are provided: 
Auto Mode - Simulates Model 
ASR 33 Teletype using ASCII defined 
data codes (DC 1, 2, 3 and 4) 
to activate/deactivate the reader 
or punch; Manual Mode - Code 
transparent mode. Panel switches control 
activation/deactivation of reader 
or punch and associated terminal device . 

Tape duplication feature is provided by 
setting unit to LOCAL mode. 

High-speed, compact . with 
self-contained electronics 

and power supply . 
Complete in attractive 

noise dampening housing . 

[E sWeoA 0

,ICNTERNATIONAL, INC. 
Litton O.E.M. Products 
34 Maple Avenue . Pine Brook, N.J . 07058/(201) 575-8100 
IN U.K. - ADLER BUS . SYSTEMS/ OEM PRODS ., Airport House , Purley Way , Croyden , Surrey , England 
IN FRANCE - SWEDA INTERNATIONAL/OEM , 103· 107 Rue de Tocqueville , 75017 Paris , France 

Circle 46 on Reader Inquiry Card 
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NEW PRODUCTS 

16-BIT µC SEM INARS 

This seminar, to be held March 5-8 at The Ramada Inn , Woburn , 
MA, details the operation, architecture, instruction set and design 
techniques for 16-bit µCs. Fully developed case st udies illustrate ap
plications and tools and techniques for hardware and software integ
ration are demonstrated. Obtainability and selection of equipm ent 
for developing programs and debugging systems are discussed . A 
comparison of available systems and devices is given (with a preview 
of products due for near-term introduct ion). Call Prof. Donald D. 
French, (617) 964-1412 or write Insti tute for Advanced Profession-
al Studies, One Gateway Center, Newton , MA 02158. Circle 175 

DO UBLE DENSITY DISK 

Said to be a major breakthrough in disk technology, the STC 8650 
double density disk drive offers 635 MB of data storage/spindle by 
doubling track density from the standard STC 8350 to the highest 
recording density achieved. STC 8650 is housed in the same physil:al 
dimensions as the STC 8350. Users ca n satisfy immediate needs now 
with the STC 8350, and later these units can be field upgraded to 
double their capacity. The new disk is for use in those on-line, rea l
time applications where higher performance, lower cost products are 
needed without an increase in space. Storage Technology Corp., 
2270 South 88th St., Lousiville, CO 80027. (303) 666-6581. 

Circle 173 

80 CPS THERMAL PRINTER MECHANISM 

The T-80M includes the print head assembly, servomechanisms and 
servoelectronics; purchasers need only supply external TTL-control 
signals and power. The operator-rep laceable print head is an alumi na 
substrate with thick-film heating elements. T-80M can print in a 5 x 
7 clot-matrix or graphic with a 70-dot/in. horiz. and vert. resolution. 
Typ . character format is 80 col./ line with 6 lpi. Min . line feed is 
0.0166 in. and paper advance speed is 80 msec/ line. Horiz. spacing 
is 10 cpi; chariage return time is 420 msec. It uses standard 8.75-
in.-wicle roll-feed thermal-sensitive paper avai lable from Datapro
ducts, NCR, 3M and Nashua. Max. power requirements are 5V, 
0.5A ; 5Y, l.75A ; 20V, 3.75A; and -20V, 0.9A. Size is 10.5 in . wide, 
4.75 in . high and 7.09 in. deep. Weight: 5 lbs. $890 (1) , $595 (100). 
Dataproducts Corporation, 6219 DeSoto Ave., Woodland Hill s, CA 
91364. (213) 88708451 Circle 172 

µP-CONTROLLED 125 IPS TAPE DRIVE 

Said to be the first µP-controllecl 125 ips vacuum volume tape drive 
featuring total tape control , very low power consumption, small 
size, built-in diagnostics and a significant reduction in drive design 
complexity, the quiet "whisper drive" Z-80 based drive is part of 
Cipher's 900X Series. l t maintains total servo control during critical 
load and unload functions, comp letely eliminating tape snap, whip 
or slack . Servo control is retained in power fall situations, even 
during high speed rewind. (The Z-80 draws power from the servos 
and transmits it to the electronics so that a contro lled stop can be 
effected.) Other µP functions include precise BOT/EOT sensing 
(there is no tape overshoot); optical write protect, eliminating need 
for all switches, solenoids and mechanical adjustments; and built-in 
diagnostics and service aids to automat ically test ROM and RAM lo
gic, indicating any fau lt cond itions on front panel indicators. The 
drive incorporates 3" wide vacuum columns (versus 2" on traditional 
designs) arra nged in an L-shape. T he column design, noted for gentle 
tape handling, makes possible use of an effic ient, low power, mu lti
stage centrifugal vacuum pump. With a 3400 RPM, beltless, clirect
clrive motors, this reduces total consumption to 300 W, or less than 
many tape drives require to run their vacuum columns alone. Size: 
I 9" x 24". It features LED light sources, a hard chromed face R/W 
head and sapphire tape cleaner , and is availab le in a 75 ips model as 
well as with embedded formatting capabi lity. $4,300. Delivery: 60 
clays ARO . Cipher Data Products, Inc., 5630 Kearny Mesa Rd. , San 
Diego, CA 921JI.(7J4) 279-6550. Circle 177 
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S-100 DOUBLE - DENSITY DISK CONTROLLER 

The DOUBLER, a double density f1oppy disk controller for S-J 00 
bus computers, increases f1oppy disk system capacity to over 500 
KBytes/side of standard 8" diskettes . Data transfer rate of double 
density systems is increased to 250 KBits/sec. The doubler is de
signed for installation in any 8080 or Z-80 S-100 µC operat ing at 
2-4 MH z. On-Board C RC checking is done in hardware, so th e co n
tro ller is capable of read ing and writing co nsecu tive sectors. Data is 
transferred und er program co ntro l to assure reliable operatio n . An 
on-board 2708 EPROM co nta ins the sys tem bootstrap. T he board 
also includes a hardware UART with RS-232 interface for co mmu
nicatio n with a console device. It 's easy to install : the co ntro ller 
interfaces with the CP/ M o perating system and includes all softwa re 
to support a CP/M system using the board 's serial por t as the 
conso le device. o software or hardware changes are necessary to 
begin operation in single or double density . Files may be transferred 
between single and double density diskettes without o perator in
tervention. System software includes u tilities to for mat and copy 
diskettes. Versions support most popular single- or double-headed 
floppy disk drives (bot h full- and mini-floppy size), as well as a ver
sion utili zing the IBM 2D sta ndard . $495. Micromation Inc., 524 
Union St., San Francisco, CA 941 33. (4 15) 398-0289 . Circle 176 

ADD-ON MEMORY FOR IBM 303X COMPUTERS 

Add-on Memory for the IBM 303 1, 3032, and 3033 mainframes, 
changed from 933X to 833X fa mily , provides up to 16 Mbytes of 
main memory . Memory is in l Mbyte increments for the 3031 and 
3032, and 2M Mbyte increments fo r the 3033. Said to provide ad
vantages over IBM's, National's memories use latest technology, as 
16K RAMs give better eliminate price/performance and higher reli
abili ty, take less space, use less power and generate less hea t. The 
design is modular: each Logical Storage Unit (LSU) can be upgraded 
to requirements of the next 303X model by changing a couple of 
cards. As for reliab ility and in telligent maintenance, each LSU has a 
terminator/display board which gives error information. Field engin
eers can capture detailed failure information even while the system 
is running, thus improving reliability by replacing chips with single 
bit errors. Single bit errors are autom atically corrected by system, so 
early detection and replacement reduces uncorrectible double bi t 
errors. The power mod ules are switching regulated and twice as effi
cient as linear supplies. T he power modules run for 50 msec with out 
input power. Size : 32" (w) x 18" (D) x 70" (H). National Semicon
ductor Corp., 2900 Semiconductor Dr. , Santa Clara, CA 95051. 
(408) 737-5000. Circle 178 

8001/ 2-MSD INTERFACE 

TEKLD , an up and down-line load interface between the Tektron ix 
8001/2 series of in-c ircuit emulators and MSD systems, provid es the 
necessary protocol for transferr ing object files from the software 
development system to the in-circuit emulator and insures correct 
transfer by constant erro r checking. TEKLD com lements BSO's 
multi-user, multi-µP software development system, consisting of a 
computer, per ipherals and necessary cross-software. This cross-so ft
ware is availab le for any DECsystemlO and 20, any PDP-J l (1 1/03 
through J 1/70) and any Data General co mputer. TEKLD is availab le 
at no charge to anyone in terfacing a Tektronix in-circuit emulator 
to any of BSO's software prod ucts. T he Boston Systems Office, Inc., 
469 Moody St., Waltham, MA 02 154. (617) 894-7800 . Circle 174 

TAPE TRANSPORT SUBSYSTEM 

Featuring 6250 bpi, Gro up Code Recording (GCR), the FT6250 
conists of the Tl 940 tape transport and F6250 formatter. Tl940 
allows users to record fo ur times more data on a ree l of tape than 
conventional 1600 bpi tape dr ives, moving at up to 125 ips. Capab le 
of co ntrolling up to fo ur T 1940 tape drives, the F6250 fo rmatter's 
built-in keyboard lets operators perform diagnostic fun ctio ns off
line. The "Smart Bus" inter face handled 16 bit word parallel trans
fers. Pertee Computer Corp. , Pertee Div., MS40/04, 9600 Irondale, 
Chatswort h, CA 9 131 l. (213) 999-2020. Circle 171 



NEW PRODUCTS 

FET OP AMP MODULE 

Intended for high-speed, high-voltage appli
cations - such as electron beam deflectors, 
beam intensity modulators, automatic test 
circuits, and high voltage pulse drivers -
Model AM-303's output range is ±10 to 
±140V when using a supply range of ±!SOY. 
Output current is ±20 mA with internal dis
sipation limiting. Input CMVR is also ±10 
to ±140V with a CMRR of 100 db min. 
Output settling time of 0.01% of final value 
is 2.5 µfor a 1 OV step, slew rate limitation 
is lOOV/µ min. and gain bandwidth product 

is typ. 10 MHz. Input impedance is 1012 il; 
max. input bias current, 100 PA. There are 
two grades of the am,rlifier by input offset 
voltage drift: 50 µV/ C maximum for the 
AM-303A and 20 µV/° C max. for the AM-
303B. Supply voltage is ± lSV to ± lSOV 
at 12 mA max . quiesceri"t current. Module 
size is 2.4 x 1.8 x 0.61" with an aluminum 
base for max . heat sinking capability. AM-
303A (SOµV /° C). $95; AM-303B (20µV° /C). 
$126 (1-9). Date! Systems, Inc., 1020 Turn
pike St. , Canton, MA 02021. (617) 828-
8000. Circle 238 

PRINTER/PLOTTER 

The 150 1 pm T-11 OOA is software and plug 
compatible with Versatec's electrostatic 
printer/ plotters, utilizes raster matrix and 
plots at 15 ipm with dot density of 200 dots/ 
in on plain paper. T-11 OOA uses standard fan 
fanfold paper at 0.St/sheet - not the 2.0t 
special sensitized paper uses - and handles 
forms 4 to 16 in wide and up to 6 parts, using 
no chemicals. Trilog, 17845 Skypark Cir., 
Irvine , CA 92714. (714) 549-4079. 

Circle 154 

TI 9900 FAMILY SUPPO RT 

Pivot software enables the Intel MDS-800 or 
Series II user to design with 9900 family µPs. 
All Pivot software is specifically contructed 
to function within Intel 's ISIS-II operating 
environment. Source and object modules 
used and produced by Pivot are compatible 
with Tl 's 9900 family software development 
tools. Pivot 9900 , ($1500), the first in the 
Pivot line, provides: 9900 Relocating assem
bler, 9900 Linking Locator, 9900 Simulator, 
9900 PROM programming utility, complete 
documentation and a one year software up
grade subscription . Pivot 9940 adds TMS 
9940 develo pment to the Intel MOS and is 
available as an add-on package to Pivot 9900 
or a stand-alone package. Processor Inno
vations, 118 Oakland St., Red Bank, N .J. 
07701. (201) 842-81 JO. Circ le 148 
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NEW PRODUCTS 
TERMINAL ATTACHMENT 

Comm-Stor IV, a BASIC programmable ter
minal attachment, includes, in addition to 
BASIC commands, a second command set 
of unique and powerful data communica
tion and file management functions, thus 
simplifying programming data entry, storage 
and transmission applications. It comes with 
either a single or dual floppy diskette drive, 
4K to 40K bytes of user program memory 

and communication ports for connection to 
an asynchronous RS-232 terminal, printer 
and modem. The Extended Basic inter
preter, sophisticated file manager and flex
ible data comm unication sys tem are all resi
dent as firmware in an additional 40K bytes 
of ROM. The minimum configuration -
with a single diskette drive, 4K of memory 
and two ports - is priced at under $4,000. 
Sykes Datatronics, Inc., 375 Orchard St. , 
Rochester, NY 14606. (716) 458-8000. 

Circle 141 

F8/3870/3872 EMULATOR SUPPORT 

The Tektronix 8001/8002A Microprocessor 
Development Labs provide total µP design 
and debug environments. Both support sev
eral µPs - including the 6800, 8080A, 
8085A, Z-80 and TMS 9900 - and now the 
F8 and 3870/3872 in a single support pack
age, with a commitment to support the 
M6802. A complete software development 
system, the 8002A solves designers needs 
for every phase of the design task from soft
ware development to software/hardware 
integration and hardware debugging. The 
8001 , a work station version of the 8002A, 
is used with software developed on the 
user's host computer to provide software/ 
hardware integration capability. This criti
cal phase of µP development takes about 
50% of design time. 8002A, $13, 700 ; add
on F8/3870/3872 emulators for existing 
8002As, $2450. Logic Development Pro
ducts, Tektronix, Inc. , Box 500, Beaverton , 
OR 97077. (503) 644-0161. Circle 136 

IMAGE PROCESSING SYSTEMS 

VISION ONE/20, a complete digital image 
processing system, features full ~tand-alone 
image processing capacility up to 134 Mbits 
of refresh memory up to 512 bits deep. It 
has multiple use features for operators in a 
wide range of research and analysis. VISION 
ONE/20 has a capacity for 8 million colors, 
pseudo color and true color. It offers real
time processing (l/30th sec. response time), 

and unparalleled bright transforms in addi
tion to convolution, sharpening the image 
under review. The system also has built-in 
full competence for arithmetic functions
adding, subtracting, multiplying and divid
ing. Classification capability is built-in: mul
tiple scenes may be given assigned color 
codes. The VISION ONE/20 also has feed
back of all processed images for storage and 
retrieval. Comtal, Inc., Box 5087, Pasadena, 
CA 91107. (213) 793-2134. Circle 133 

PAPER TAPE SPOOLER 

Model 650 Paper Tape Handler, for use with 
the Addmaster 601 Paper Tape Reader , is 
completely self-contained, including the 
reader supply and is available with the Add
master Paper Tape Reader. It reads "step
by-step" on external command , or runs on 
the internal clock at 150 cps. It is bi-<iirec
tional in both read and high-speed slew 
mode, and needs only two control lines. The 
Reader-Spooler combination stops on char
acter and has automatic end-of-tape/broken 
tape sensing and fully proportional servos. 
Model 650 has standard 19" rack panel, 5-V." 
high and uses 5-V." diameter reels. Spoolers, 
$370-$461; Readers, $184-$325. Addmaster 
Corp., 416 Junipero Serra Dr., San Gabriel, 
CA 91776. (213) 285-1121. Circle 135 

ZIF IC CONNECTOR 

Installing and removing card file !Cs without 
placing stress on lead pins or substrate is 
possible with these Zero Insertion Force 
connectors . Actuating bars on each connec
tor side open and close the contacts, which 
hold the IC firmly in position . Edge-wipe 
con tact design provides highest con tact pres
sure and tapered entry ramps condition and 
guide IC leads into spacious, semi-closed 
contact entry area . Contacts are CA 770 and 
available with gold plating, P/ N 11857-01 or 
bare, P/N 11857-02 . Zero Corp. Scanbe Div. , 
3445 Fletcher Ave., El Monte, CA 91731. 
(213) 579-2300. Circle 140 

DATA COUPLER 

The DlOl Data Coupler provides an auto
matic interface between a phone line and 
customer-owned equipment, such as a mod
em or data terminal. It has standard Bell 

CBT functions, operates from a single +5 V 
supply and requires no adjustment. Ring 
indication, off-hook control and balaced 
data transmission are standard features. The 
data coupler is registered as required by Part 
68 of the FCC Rules and Regulations. 
$149.95. Darcom, 268 N. 115th St., Omaha, 
NE 68154. (402) 333-9858. Circl e 139 

Ad tech 
''Po.Ner Miser'' 
Linear PoY1er 

.Supplies 

Manufactured in France 
for European users. 

Available through these 
European distributors: 

FRANCE 

Omnitech 
Paris (1) 257-62-80 
Paris (1) 874-18-88 

Texas Instruments 
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(1) 630-23-43 
Grenoble 176\ 90-45- 74 
Toulouse (61\ 21-30-32 
Rennes (99) 79 54-81 
Nice (93) 20-01 -0 I 
Toulon (94) 94 85 11 
S1rasbourg (88\ 22 04 07 

GERMANY 

Neumuller GMBH 
Taul k1rchcn-Munich 

089-6118 I 
Berlin 030/2'7212 
Dusseldorf 02111490325 
Kornwes1he1m 0715·1 23330 

Texas Instruments 
Fre1s1ng 08161 /801 
Mur,,ch 089/325011 
S1u11gar1 07 I I / 54 700 I 
Frankf urt-Grieshe1m 
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Hannover 0511 1 648021 
Berlin 030/8927063 
Hamburg 040/2290178 

BENELUX 

De Buizerd Elec. BV 
The Han 'e 010 46950S 

ITALY 

Dolt. Ing . G. de Mica S.P.A. 
Bal 1qna 1051) 555fi 1-1 
Banchette ( lvre<1 l 

10125\ 422300 
Padua (04 1 \ 65290n 
Rome 106\ 316204 
Turin (011) 874137 
Milan (02) 653131 

SCANOINAVIA 

E.V.J. 
Cooenhagen 10 I\ 8390?2 

Electro Power 
Oslo Norway (02\ ln1253 

Noack AB 
Slockholm (08) 670820 

SWITZERLAND 

Seyller Co. A.G . 
Zurich 0 I 628200 

UNITED KINGDOM 

Texas Instruments Ltd. 
London Slouqh 33411 
Soulhamp1on 0703 27267 
Bedford 0234 67466 
S1ockpor1 061 ·432-0645 
Edinburgh 011·229 1481 

For Application Assistance, Contact 

Adtech 
International 

SUBSIDIARY OF ADTECH POWER INC ANAHEIM 
CALIFORNIA 92806 U SA 

46 BO. Roger Salengro , 78200 Mantes 
La Ville , France. Telephone: 4775301 + 



THE 
EPRO 
COPIER 
FRO 

Specifications 

Modes : 
Size: 

Operating 
Temperature: 
0° to 50° C 
Power Input: 

Program ; Verify; Complete (Ready) 
13" w (33 cm) x 5.5" h (14 cm) x 9" 
d (23 cm) 

115 - 125 VAC, 25W approx. 

Ordering Information 

Pricing : 

Delivery: 
Warranty 

Model 7818 - $1,325 
Personality Plugs - $20 ea. 
(order personality plugs by 
EPROM number-2704, 2708, 2758, 
2716-3, 2716-1 ,2516, 2732, 2532) 
45 - 60 days ARO 
Parts and Labor for 1 year: 

All prices F.0 .8. Destination (Domestic U.S. only) 

Purchase Order (Rated Firms net 30 ; others COD) or 
check to : 
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SMR 
7818 

Description 

Prog Ver Com • • • 
• • • • • • • • 

The Model 7818 is a self-contained EPROM copier 
designed for production line applications. Low cost per
sonality plugs permit copying of a wide variety of 
EPROMs and virtually insure the Model 7818 against 
obsolescence. Both 3-supply and single supply type 
EPROMs can be copied. 

Operation of the Model 7818 is exceedingly simple: 
1. Insert the appropriate personality plug in the 
connector on the panel face. 
2. Insert a master EPROM in the "Master" socket. 
3. Insert one to eight erased EPROMs in the 
"Copy" sockets. 
4. Depress "Program" switch. 

The Model 7818 automatically checks to see that the 
copy EPROMs are erased. If any failures are found , the 
LEDs above failed units light and the program is 
inhibited. 

After the programming cycle, a verification check of 
each copy is made with LED indication of any failures. 
The verify cycle may also be used independently. The 
"Verify" lighted pushbutton flashes to alert the operator 
to any failures on either verification pass. 

Supply power is present at the EPROM sockets only 
during the active operations of program and verify to 
provide protection for the EPROMs during insertion and 
removal. 

SMR electronics 
3 HAVEN ROAD MEDFIELD, MA 02052 
(617) 359-7697 



NEW PRODUCTS 

GANG PROM PROGRAMMER 

Said to be the first human engineered 
GANG PROM Programmer, IM 2020 pro
grams 16 PROMs simultaneously and sup
ports the 2704 , 2708 , 2758 , TI 2716 , 
Intel 2716 and 2532. Various automatic 
operating modes of the IM2020 are se-

lected using a lockable switch. Operator 
prompting and programmer status are 
provided by a 10-digit alpha numeric 
display, two status LEDs/PROM socket 
and audible buzzer. The operator initi
ates all functions through only one 
lighted push button switch. $2895 with 
one personality module; additional mo
dules , $100. International Microsystems, 
Inc., 11554 C Ave., Auburn, CA 95603. 
(916) 885-7626. Circle 149 

1640 SERIES TERMINALS 

The Model 1640 series of terminals and 
printers uses a plastic daisy wheel in 
three configurations: a keyboard send/ 
receive terminal , receive only terminal 
and OEM printer mechanism. Standard 
features include: programmable line 
spacing, pitch, margins, tab control and 
graphics ca pa bili ty, a 25 6-character 
buffer and self-test diagnostic mainte
nance routines. Firmware options include 
automatic underscore , automatic bold 
overprint, automatic shadow printing, 
automatic proportionally spaced print
ing, automatic right margin justification, 
automatic line centering, 2741 communi
cations protocol , Hy Plot vector graphics, 
APL and external diagnostics. Hardware 
options include power supplies, control 
panel, type of cover set, forms tractor, 
an option board, current loop interface, 
an expanded buffer, special keyboards 
including APL and logical bit, and forms 
hand ling equipment. The serial interface 
feature of the 1640 permits operat ion at 
rates to 9600 baud, while operating speed 
for parallel mode is to 2000 cps. KSR 
version, $2,280. Diablo Systems, Inc., 
24500 Industrial Blvd., Hayward, CA 
94545. (617) 237-3200 . Circle 142 

MODEL 1650 TERMINALS 

Model 1650 receiving only metal-wheel pro
cessing terminals incorporate the Diablo
designed universal interface and permits 
serial printer ope.ration at up to 9600 baud 
or parallel operation at up to 2000 cps. 
The 1650 series contains many standard fea
tures: programmable line spacing, pitch, 

margin and tab control, true proportional 
spacing, a graphics capability, a 256-charac
ter buffer and self-test diagnostics routine. 
Optional features include: automatic pro
portional spacing, underscoring, bold over
printing and shadow printing, 2741 commu
nications protocol and HyPlot vector 
graphics. Diablo Systems, Inc., (A Xerox 
Co.) 24500 Industrial Blvd. , Hayward , CA 
94545. (415) 786-5207. Circle 152 

HIGH-SPEED DRUM PRINTERS 

This well-illustrated , 38-pg. technical 
assistance manual , "5321/5301/5031 High
Speed Drum Printers," describes the 5321 
buffered console printer , 5301 unbuffered 
console printer and 5031 printer mechanism. 
Also included are interface specs, as well as 
a section on general information such as 
warranties and recommended spare parts. 
Mohawk Data Sciences Corp., 781 Third 
Ave., King of Prussia , PA 19406. (215) 
337-1910. Circle 147 

SINGLE-DISK CARTRIDGE 

A Winchester-type disk in 1 80 series single
disk cartridge models , allows users to store 
from l 8M to 4 7Mbytes, 5 to 8 times the 
capacity of conventional high-density car
tridges. Models 180 (37 Mbytes), 181 (47 
Mbytes), 182 (18 Mbytes), and 183 (25 
Mbytes) may be used with front- or top
loaded disk drives such as the Data General 
Corp. 6070, Hewlett-Packard Co. 7905A, 
Wangco 2400 and EMM 312 Series. The 
cartridges are especially suitable for higher 
speetl R/W operations of mC, µC and 
System/3-level environments. BASF 
Systems, Computer Products Dept. , 
Crosby Dr., Bedford, MA 017 30. Circle 144 

LINE PRINTER CONTROLLER 

DEC PDP-11 Line Printer Controller 
(DLP 11) supports either Centronics or 
Dataproducts type printers, operates on 
any DEC PDP-11 computer without soft
ware or hardware modification. DLP 11 
has cabling and connectors to interface 
directly to the printer used. A self-test 
mode simplifies installation and testing. 
$750. DataSystems Corp., 8716 Produc
tion Ave., San Diego, CA. (714) 323-7491. 

Circle 143 

MlCR0800 CURRENT LOOP INTERFACE 

Micro800 data concentrator, ava ilable with a 
current loop adapter, permits attachment of 
terminals with 20 mA current loop interface. 
The adapter, 2" square, plugs into the 25-pin 
connector of the Micro800 channel interface. 
It uses statistical multiplexing techniques to 
allow up to 16 asynchronous terminals to 
share a single phone line, with efficiency 
double that of a conventional time-division 
multiplexer. It provides automatic retrans
mission on error for all terminals using the 
system. Current loop adapter, $60. Models 
from 2-channel to 16-channel, from $1,150. 
Micom Systems, Inc., 9551 Irondale Ave., 
Chatsworth, CA 9131 l. (213) 882-6890. 

Circle 145 

Circle 49 on Reader Inquiry Card 
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NEW PRODUCTS 
LSl-11/2-COMPATIBLE MEMORY 

NS l l /2P, new 64K byte "double-height" 
LSl-11 compatible memory card, provides 
features normally found only on larger 
"quad height" cards. The 32K 18-bit dyna
mic NMOS RAM has on-board parity gener
ation and parity check circuits, external or 
internal refresh functions , battery backup 
provisions and expanded address-space op
eration. The 5.187" x 8.43" x 0.50" card 
is plug compatible with the LSI-11, LSI-
11 /2 and PDP-11 /03. The memory may be 

operated with, or used in place of the 
MMVll-D and -E or MSVll-D and -E series 
modules in H9281, H9270 or DDVll-B 
backplanes. No special tools or adjustments 
are req ui.red to install and operate the mem
ory. The NS 11/2P has a read-access time of 
250 nsec, a read-cycle time of 500 nsec, a 
write-time of 130 nsec/word or byte, a 
write-cycle time of 545 nsec, and a 
read/modify /write-access time of 250 nsec/ 
byte with a R/M/W-cycle time of 1115 nsec. 
National Semiconductor Corp., 2900 Semi
conductor Dr., Santa Clara, CA 95051. 
(408) 737-5000. Circle 163 

Circle 50 on Reader Inquiry Card 
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8086 MEMORY BOARDS 

These Error Correcting Memory boards are 
iSBC 86/12 (8086 Based) Multibus Com
patible. The new memory .boards are avail
able in four memory sizes- J 6K, 32K, 48K 
and 64K words. The boards are strappable 
for either 16-bit word or 8-byte memory 
transfers. All four sizes come in three con
figurations : single-bit error correction and 
double-bit error detection, single bit parity, 
or without parity or error correction. All 
error-correcting configurations have diag
nostic indicators that pinpoint precisely the 
erring memory chip. The error status is also 
available to the CPU via software control. 
This feature is convenient and cost effec
tive in the field service and manufacturing 
phases of iSBC-based products. (16K words/ 
32K bytes memory), $1375; 64K words/ 
128K bytes, $4250. Mupro, 424 Oakmead 
Pkwy., Sunnyvale, CA 94086. (408) 737-
0500. Circle 164 

CMOS UV EPROM/ RAM BOARD 

This low-power, UV eraseable PROM card 
(2K 12-bit words), LP-121, has sockets for 
6 Intersil IM6603 EPROMs and includes 

256 x 12 CMOS RAM (3-IM656l's). Memory 
organization permits 4" x 5" card to be 
stuffed with either lK or 2K of EPROM. 
$1 70. Cybertek, Inc. , 10395 Seminole Blvd., 
Seminole, FL 33540. Circle 243 

DATA ACQUISITION UNITS 

This 24-page book shows new data acquisi
tion products and applications. 14 pages 
cover µP-compatible devices. Typical cir
cuits are shown for popular µPs. Key specs 
are given for over 17 5 D/ A and A/ D conver
ters, S/ H, instrumentation and program
mable gain amplifiers, thin film resistor net
works and precision function generators. 
Micro Networks Corp., 324 Clark St., 
Worcester , MA 01606 Circle 159 

FIBER OPTIC LINK 

A complete fiber optic link for data com
munications applications requiring no ex
pertise in optical design, calibration or ad
justment? HFBR-0010 low-error rate fiber 
optic link system comes ready to hook up 
and has a digital XMTR, digital RCVR , 
single fiber 10 connector/cable assy. and 
complete tech. literature. Each component 
is available separately, and connector/cable 
assemblies come in 5 std. lengths, with a 



max . distance of 100 m. System specs in
clude a de to 10 Mb/sNRZ data rate , no 
restrictions on data format, 0 to 100 m 
link distance, 10-9 maximum at 10 Mb/ 
sN RZ bit error rate , TTL-compatible data 
input and reinforced, polyurethane jacketed, 
single fiber, glass core and cladding cable 
co nstruction. $570. Hewlett-Packard Co., 
1507 Page Mill Rd., Palo Alto, CA 94304. 
(415) 856-1501. Circle 242 

LSI-I I ANALOG 1/0 BOARDS 

Intended for the LSI-11 and PDP-11 / 03 , the 
ST-LSI features: 32 A/D and 2 D/A analog 
chan nels on a single board that slides direc tly 
into DEC's LSl-11 and PDP-11 /03, direct 
expansion to 64 SE or 32 Diff (A/D channels 

on 2 boards), 20 µs A/D throughput , 16· 
freq uency progra mmable pacer clock time 
base, and optional programmable gain amp 
or fix ed gain instrumentation amp. $625 
(16 ch.). Date! Systems, Inc. , 1020 Turnpike 
St. , Canton, MA 02021. (6 17) 828-8000. 

Circle 250 

DIRECT WRITING RECORDERS 

This portable, 50 mm single-chann el direct 
writing recorder, the 2100, is co mpact and 
lightweight (22 lbs.) for easy portabili ty, 
yet withstands rough handling. Two input 
power options (115 V, 60 Hz± I 0% and 230 
V, 50 Hz ± 10%) permit operat ion from con· 
ven tional ac power sources. A high-st iffness 
servo cont rolled penmotor provides de to 
30 Hz FS freq uency response at 50 mm, 
and de to 80 Hz at I 0 mm , 3 dB down at 
125 Hz. Linearity is 99.5% over the full 
50 mm channel width, rise time is 8 ms 
and overshoot is I% on square waves and 
transients. Trace presentation is rectilinear 
for ease and accu racy of waveshape inter· 
pretation , and 8 chart speeds from 0.4 to 
125 mm/s are provided. The 2100 accepts 
the fu ll line of Gou ld 4600 Series plug-in 
amps for max. nexibility in industrial, 
scientific and biophysical measurement 
applications. Gould Inc., Instruments Div., 
363 1 Perkins Ave., Cleveland , OH 44114 
(2 16) 36 1-3315 . Circle 146 

ANALOG I/O BOARDS 

This 1/0 system interfaces µP logic to indus
trial contro ls. The sys tem has a universal 
mounting rack and four plu g-in modules, AC 
output , AC input, DC output and DC input. 
Each color-coded module contains its func· 
lion, so you can " modify" your syste m 
simply by adding, subtract ing or changing 
modules. Boards hold from four to 24 mod
ules. All modules provide 2500 V rms photo· 
isolation, immunizing the µP from transients 
and RFI. All mounting racks use a 50-pin 

edge connector fo r µP cont ro l connect ions. 
Module price, $I 0.50 (I 00) ; 16-module 
board, $57. OPTO 22, 5842 Research Dr., 
Huntington Beach , CA 92649 . (714) 892-
3313. Circle 161 

INTEL SEMICONDUCTOR DATA 

" THE SEMICONDUCTOR MEMORY BOOK" 
(524 pp.) is said to offer the most extensive 
collec tion of Intel memory appli cat ion and 
reliability in for mation ava ilable in a single 
volume. Computer techni cians, elect rical 
design engineers, electronic hobbyists, librar· 
ies, and educa tors should find it a va lu able 
reference and working tool. Future Wiley/ 
Intel publications will cover other aspects of 
memories, µPs, µCs and related subjects. 
$14.95. John Wiley & Sons, Inc., 605 Third 
Ave., New York , NY 10016. (2 12) 867-9800. 

Circle 166 

ACOUSTIC COUPLER 

The 1200 bps AJ l 234/VA3434 full duplex 
acoustic coupler will have a major impact 
on users of acoustic couplers who have had 
to settle for 300 bps full duplex operation. 
Now merely replacing present couplers 
increases their full duplex data transmission 
speed by four , yet retains por tability an 
acoustic coupler provides. Users select either 
a 1200 bps full duplex acoustic coupler or 
1200 bps full duplex modem. Anderson 
Jacobson, Inc. , 521 Charcot Ave., San Jose, 
CA (408) 263-8520. Circle 246 

FLOPPY DISK SYSTEMS 

This family of 8" Ooppy disk drive systems 
has three members : the single drive, single
side , single-density LFD-1 system ; dual 
drive, single-side, single-density LFD-2 sys
tem (both using Shugart SA-800 drives); and 

a dual-drive, double-sided, single-density 
DFD-2 system based on Shugart's SA-850 
drive. Each of the new systems comes com
plete with a disk con troller board, regulated 
su pply, chassis, fan , diskette and interfacing 
cables. The disk controller board drives up 
to 4 drives. LFD-1, $1395; LFD-2 $1895; 
DFD-2 $2495. Smoke Signal Broadcasting, 
6304 Yucca Street, Hollywood, CA 90028. 
(213) 462-5652. Circle 248 

LINE PRINTER/PLOTTER 

Working with PDP-I ls, LXYl 1 ou tputs 300 
1 pm fo r char and 170 1 pm for plots. Its dou· 
ble· and single-height char are in full ASCII 
96-char set. You plot thru PLXY-llM soft
ware, a library of FORTRAN-callable sub· 
rout ines. $1 4,400. Digital Equipment Corp., 
Maynard, MA 0 1754. (617) 493-2777. 

Circle 153 
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NEW PRODUCTS 

GRAPHICS IMAGING SYSTEM 

Said to he the industry's first complete 
graphics imaging system on a single printed 
circuit board, the RGB-2S6 card features a 
dense 2S6 X 256 X 4 image memory , bui lt 
in composite color and grey scale encoders 
and a phase lock loop. This permits the RGB-
256 to direct ly drive standard low-cost col
or or B & W TV monitors to display up to 
256 colors or shades. RGB-256 allows sys
tem designers to obtain high quality graphics 
imaging at a fraction of the usual cost. The 

card includes built in NTSC (American) or 
PAL (European) color and grey scale encod
ers which can provide up to 16 shades o r 
colors. The encoders permit the RGB-2S6 to 
directly drive standard low cos t color or 
black and white TV monitors on a single 7 S 
Ohm cable. In addition, the card includes 
an on board PLL, permitting the output to 
be synchronized to an exte rnal video source 
(such as a TV camera). This allows the RGB-
256 to be used in broadcasting, or wherever 
its output will be mixed with other video 
signals. Combining multiple RGB-256 cards 
can obtain more bits/ pixel. Two RGB-256 
cards give 8 bit planes. The two-card system 

indedStot 

4"x 3"x4'1Hi Performance/Lo Power 
One Moving Part/Hard Mounted Motor 

Tracks 

Capacity(bytes) 
1 Track 

2 Tracks 

Transfer Rate 
(bits/sec) 

Speed 
Read/Write 

DENSITY 

800 bpi 1600 bpi 

1 or 2 1or2 

160,000 320,000 

320,000 640,000 

24,000 48,000 

30ips 

AVAILABLE WITH: 

• READ-AFTER-WRITE 
HEAD 

• PIA INTERFACE 

• READ/WRITE 
ELECTRONICS 

•MOTION 
ELECTRONICS 

• MOUNTING FRAME 
Rewind/Search 90 ips 

Qdntex DIVISION 
NORTH ATLANTIC INDUSTRIES, INC. 

60 PLANT AVE. , HAUPPAUGE, NEW YORK 11787 • 516-582-6060 •TWX: 510-227-9660 

Circle 52 on Reader Inquiry Card 
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with no additional hardware gives a total of 
256 co lors o r grey levels. A separate frame 
grabber card, the FG-OI will be available 
soon, allowing RGB-2S6 to store TV pic
tures. RGB-256 uses standard +SY, and:+.: 
12V supplies and features the Intel Multibus, 
making it directly plug compatible with all 
Intel and National single-board computers. 
$1595 (1), $1295 (100) . Delivery: 4 wks 
ARO. Matrox Electronic Systems Ltd., 
279S Bates Rd. , Montreal, Que. H3S JBS , 
Canada. (5 14) 481-6838 or 73S-l l 82. 

Circle 169 

DUAL-FLOPPY DISK 

Fully integra ted, this S-100-compatible dual
floppy disk system - "Dual-Stor" - comes 
with controller and dual FD drive in a cab
inet that matches the Vector 1 µC. Its 243K 

bytes/ 8" diskette utilizes std. IBM-compati
ble recording format. Using programmed 
data transfer, Dual-Stor operates with both 
static and dynamic memories at 250K bps. 
$2300. Vector Graphic Inc., 31364 Via 
Colinas, Westlake Village, CA 91361. (213) 
991-2302. Circle 245 

ERROR-CONTROL CODING 

Dr. Dimitri Wiggert 's "Error-Control Coding 
and Applications" addresses the communi
cations engineers' most vexing question - is 

what you're sent what you get? And, if not, 
how can you reliably detect and correct er
rors in data transmission with a maximum of 
speed and efficiency with a minimum of 
cost ly equipment and storage space? Wig
gert's treatment of e rror-control techniques 
is applications-oriented; practical examples 
illustrate the text's decoding schemes de
tailed in the text. Error-control techniques 
include: parity check codes, cyclic codes, 
convolutional codes, and BCH and R-S 
codes, and threshhold, sequential, block 
and Viterbi decodin g schemes ... Chapters 
treat co mmunications theory, matrix alge
bra, impulse noise and trade-off analyses. 
$28.SO. Artech House Books, 610 Washing-
ton St., Dedham MA 02026 Circle 167 

PRINTER/PLOTTER 

This instrument (and on one tape) provides 
readouts in either S x 7 dot matrix charac
ters or graphic formats. PP-101 accepts in
puts directly from any TTL-compatible 
parallel data source. Once you decide which 
display format is needed (either tabular or 
gra phic), simply ground the appropriate 
terminals on the interface connector with 
pieces of wire, with manual switches, or 
under progra m control from external logic. 
An on board µC provides all necessary in-



terface and control functions, including 
(self-strobing). The PP-101 is also supplied 
without the cabinet. $595 (1-9), $395 (I 00). 
B-G Instruments, Box 67, Alta Loma, CA 
9 1701. (714) 989-4802. Circle 160 

32K PROM BOA RD 

This Intel SBC-80 Multibus-compatible 
PROM-32 accepts 16 2716 RPROMs. All 
ICs, including PROMs, are socketed. Base 
addresses fall on 16-K boundaries and are 
jumper-selectable. Any number of 2K mem
ory address blocks may be deselected by 
jumper removal. Memory access time is 4 7 5 
nsec max. The board uses 5 Vat 0.38 A 
ty p. and 0.72 A max fully loaded. Electron
ic Solutions, Inc., 7069 Engineer Rd., San 
Diego, CA 92111. (714) 292-0242. 

Circle 156 

TRIMMING POTS 

This 150-pg. book shows a broad line of pre
cision and trimming pots, digital and con
centric turns-counting dials , and mini rotary 
switches. Full spec sheets are available for 
each product. Spectrol Electronics Corp., 
Box 1220, City of Industry, CA 91745. 

Circle 157 

TEST INSTRUMENTS 

A broad line of electronic test instruments 
are described in this ca ta log. There are 
scopes, labgrade strip and X-Y recorders, 
supplies, signal and function generators, 
counters, digital and analog multimeters, 
and accessories such as probes and intercon
necting cables. Heath Co., Dept. 570-030, 
Benton Harbor, MI 49022. Circle 158 

SEQUENTIAL ZIF EDGEBOA RD 
CONNECTOR 

Said to be the only available sequential ZIF 
connector, this device includes a con tact 
timing mechanism to ensure that signal, 
power and ground circuits make and break 
in proper sequence during PC board mating 
and unmating. Placement of the rotary-cam 
actuator, combined with an open board slot 
at one end of the connector housing permits 
PC board entry for packaging versatility. 

(Top-entry versions are available.) A safety 
lock prevents contacts from closing unless 
the board is properly positioned and helps 
hold the board in place. Double-sided or 
multilayer boards 0.054" to 0.070" thick 
with up to 130 contact pads (65 per side) 
on 0.100" centerline spacing, or up to 100 

contact pads (50 per side) with 0.125" cen
terlines, or up to 86 contact pads (43 per 
side) with 0 .156" centerline spacing can be 
used with this new connector family. Tan
dem arrangements with up to 240 contacts 
(120 per side) are possible. Gold-over-nickel
plated phosphor bronze contacts are rated 
at 3 A. Life expectancy exceeds 5000 mat
ing cycles. Operating temperature range is 
-55° to +105°C. 5,l;contact (OEM qty). a 
AMP Inc., Harrisburg, PA 17105. 
(717) 564-0100. Circle 165 

SINGLE-CARD Z-80 SYSTEM 

Pro-Log's latest addition to its family of 
single-card, 8-bit microprocessor PLS-898, 
is based on the popular Z-80 processor. 
PLS-898 has a 2K-byte, 2114-type RAM 

capacity (l K included) sockets for up to 
SK bytes of 2716-type EPROM, a 400-ns 
state time, on-card XTL clock, masked and 
unmasked interrupts, 2 input ports, and 3 
output ports. The number of input and out
put ports is expandable to 8 ea. with a 
ribbon-cable expansion system; the card is 
TTL-compatible and operates from a +5Vdc 
supply. $185 (100). Pro-Log Corp., 2411 
Garden Rd ., Monterey, CA 93940. (408) 
372-4593. Circle 244 

VT-52 CRT TERMINAL REPLACEMENT 

The Monarch-52, a cost-reducing alternative 
to the DEC VT-52 CRT Terminal, can reduce 
the high cost of data-entry for your System 
8, 10, 11, or similar computer. The Mon
arch-52 offers operator ease: changing from 
a typewriter to the Monarch-52 keyboard 
requires no training, since the operator has 
complete familiarity with the keyboard. It 
operates in complete silence or the operator 
can turn an audible response switch to pro
duce a key-stroke click that encourages rhyth
mic keying. Monarch-52 has a full range 
of cursor controls and offers both increment
al and extended movement commands utiliz
ing the escape sequences. Its edit feature 
offers extended movement commands, great
ly increasing operator throughput in form
filling, Monarch-52's specs include: 1920 
characters/screen, with 24 lines of 80 char
acters each ; switch selectable from 75 baud 
to 9600 baud asynchronous data transmis
sion ; full ASCII - 128 codes (including 
escape sequence commands); full cursor 
control, including x-y positioning; horiz. 
tab and selective erasing; ease of interfacing 
with 20mA current loop/and RS-232C 
levels; and N-key roll-over protection. 
$1360. Dataview, Inc., 23A Dana St., Mal
den, MA 02148. (617) 322-2244. Circle 170 
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NORTHROP ENGINEERING: 
great purposes ... 

greater aeh1evements 
Establishing ~oals that challenge your ability ... creates a 
sound beginning. Advancing beyond those objectives ... in
stills pride. 
At Northrop Defense Systems Division, a leader in advanced 
Electronic Countermeasures technology, we provide the 
guidance and professional freedom necessary for creative 
problem-solving and maintaining our leadership in the state
of-the-art. 
If you are a Design or Systems Engineer with the followin_g 
qualifications and possess a strong drive toward self-fulfill
ment, we invite you to consider an exciting career at North
rop. 

DESIGN 
*5-10 years experience in electronics and electromechanical 

high density packaging of military support equipment. 
Knowledge of investment casting and metal fabrication 
method processes. 

*RF design and analysis. Octave bandwidth MIC and strip
line components. ECM TWT and equipment experience, 
plus familiarity with Ml L-STD-38510 and 5400E require
ments. 

*Project Engineer with background in power supplies, mod
ulators and high powP.r TWT's required. Will be responsible 
for design and development of ECM transmitter. 

*Project Engineer with analog/digital circuits and microwave 
components experience. 

*DIGITAL-Experience in design engineering for digital/an
alog controlled hardware necessary. Understanding of high 
voltage design and microwave circuitry, desirable. 

SYSTEMS 
SENIOR ENGINEERS 
MSEE and a minimum of 3 years experience in hardware or 
systems design and good written communications skills re
quired. Microwave background necessary. 

PROJECT ENGINEERS 
A minimum of 5Jears experience in EW hardware, software, 
systems design an analysis (active and/or passive), necessary. 
Microwave experience required. 

ENGINEERS 
Experience in active and passive electronic warfare systems 
and strong software and/or hardware background necessary. 

In addition to outstanaing opportunities for career advance
ment, we offer an excellent salary/benefits package, includ
ing complete i.nsurance (dental plan included) and unique 
company contributed savings plan. · If you are unable to send 
a resume, please complete and mail this coupon today. ----------------· Employment Manager, Dept DD179 

NORTHROP CORPORATION 
Defense Systems Division 

6u0 Hicks Road, Rolling Meadows, IL 60008 

I 
I 
I 

Name---------- ----------1 
Address-------------------1 
CitY--------- State----- Zip-. 
Telephone 

!Area Code) Numbe1 I Area of Interest ________________ _ 

----------------· 
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NEW PRODUCTS 
DIP BATTERIES 

Need standby power that directly mounts 
onto PC boards? Said to be the first stan
dardized auxilliary power sources compat
ible with DIP microelectronic components, 
DataSentry, DIP-type nickel-cadmium bat
teries have four standard pin locations for 
direct mounting to PC boards. These bat
teries render volatile LSI non-volatile. These 
batteries hold up a memory drawing 10 µa 
for 3 mo. (or a larger memory drawing 
0.5 A-for 5 min) . Rated for a capacity of 
65 mA-hr at a 1 hr. discharge rate, they have 
a 6.5 A discharge capability for 1 sec. They 
continuously overcharge at 7 mA. It comes 
in two voltage ratings - 2.4 and 3.6V. The 
former has a 0 .3 by 0.1 in. centerline di
mension; the 3.6 unit is set on 0 .6 x 0.1 in. 
2.4 V model, $5.50; 3.6V, $8.25 (1-49). 
General Electric Battery Dept., Box 861, 
Gainesville, FL 32602. (904) 462-3911. 
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ELECTRONICS MANUFACTURING 

"Handbook of Electronics Manufacturing 
Engineering," a 394-pg. book by Bernard 
Matisoff, offers guidance in facilities plan
ning, processes, plant and equipment layouts, 
tool and equipment selection, design and de
velopment, value analysis and cost control, 
integration of new equipment or production 
techniques into existing facilities, and R&D 
of new manufacturing methods. It provides 
work-saving tips on soldering, tool care, 
repair of electronics parts and PCBs, design 
and production of electronic assemblies, 
handling and storage of hazardous materi-
als and maintaining safe working conditions 
in the general plant. $32.50. Van Nostrard 
Reinhold (Litton Ind.) , 135 West 50th St., 
New York, NY I 0020. (212) 265-8700. 
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Do You Want to 
Write a Paper? 
Are you qualified to write a talk on 
packet switching in digital transmis
sion networks? If you are a packet 
switching expert and want more de
tails, call or write us to let us know 
what specific part of packet switching 
that you want to handle. 

The technical session will take place 
at the INTERFACE 79 Conference, to 
be held in Chicago, April 9- 12, 1979. 
It will be part of a program on digital 
transmission and switching systems, 
which is expected to cover such topics 
as digital switches, fiber optics, digital 
telephony and packet switching. In
terested? Call or write George King, 
442 Begonia Ave., Corona de! Mar, 
CA 92625. (714) 675-7123. 
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Software Systems 
Engineers: 
Explore New 
Frontiers in '79 
Explore the challenging world of optical and electro
optical systems with Itek -- known for its soph isti
cated devices that scanned the surface of Mars 
aboard the Viking lander. 

Opportunities exist for software engineers to work 
with mini-computer systems in a real -time environ
ment . You should have 4-8 years experience and a 
BS or MS in engineering , physics , math, computer 
science or equivalent. Assembly language and 
FORTRAN experience is required as well as IBM 
370 JCL and PL 1. 

If you 're looking for an environment in which your 
individual talents will be fully explored , and where 
recognition and rewards will match your efforts , 
explore the world of Itek now . 

Please send resume with salary history to Manager, 
Professional Staffing or call collect 617-276-2950. 
All Inquiries will be handled In strlc;test confidence. 

•
Optical 
Systems 

A Division of Itek Corporation 
10 Maguire Road 
Lexington, MA 02173 
An Affirmative Action Employer M I F 
U.S . Citizenship Required . 



VIEWPOINT 
John R. Welty, Vice President 
Motorola Inc., Phoenix , AZ 

Who Says Discretes 
Are Dead? 

Ever since the development of the IC, many observers of 
the semiconductor scene often downplayed discrete com
ponents ' future. The usual gloomy scenario called for the 
discrete industry curve to generally flatten during the 
l 970's, continue on a descent throughout the J 980's 
and almost fall completely off the charts by the l 990's. 

The reason for this outlook was the phenomenally 
rapid growth of IC technology , in which more discretes 
were integrated into silicon chips, losing their identity as 
discrete components. As you know, ICs quickly advanced 
from 10 or 15 transistors/chip to 30,000 to 40,000 in the 
same-sized silicon chip. And there isn't much doubt that 
it will escalate to 200,000 or so by the early l 980's , and 
to perhaps a million /chip by 1985 or so. 

I honestly believe that the microprocessor will be one 
of the most important - if not the most important -
industrial developments of the 20th century. The amount 
and speed of change that it will bring to worldwide social , 
political and industrial institutions during the next decade 
will stagger even the most fertile imaginations. The number 
of new or improved electronic products for the home , 
automobile, factory, office, school , government and 
military organizations not only in our country, but 
around the world , will number in the thousands . And 
that's only the beginning : The U.S. semiconductor indus
try will double its present size in the next four or five 
years. More than 50% of µPs produced today are for new 
product applications previously unfeasible for technical 
or financial reasons. 

These new µPs have a negative impact on conventional 
standard logic but a positive impact on discrete compon
ents. µPs cannot function by themselves. Depending on 
the application, different types of discretes are required 
for rectification , voltage regulation, power handling and 
carrying out the actions determined and ordered by the µP. 

Almost a month ago, in my capacity as chairman of 
the Semiconductor Industry Association, I unveiled our 
industry outlook at the Association 's Annual Forecast 
Meeting in Palo Alto . By 1981 , industry sales should 
climb to 1.75 billion dollars, an increase of a quarter of 
a billion dollars . During the four-year period , 1978 -
1981 , we expect a compound growth rate for discrete 
components of six per cent. 

Markets most impacted by MPU and discrete combin
ations are computer, industrial and consumer sectors , in 
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reverse order of importance. Computer applications will 
be large and varied , with discretes used in rigid disks , 
electrostatic printers, line printers, matrix printers, 
floppy-disk systems and both CRT monitor and key
board terminal systems. A wide variety of discretes will 
drive hammers in MPU controlled printers, position 
heads in MPU controlled disk memory systems, and in 
horizontal and vertical circuits for CRT monitors, and in 
computer product supplies. 

In industrial markets, volume and variety of discrete 
MPV-related applications will be greater than in computer 
markets. Most obvious usage of µPs will be in automated 
process control and production equipment, and every
thing from making steel to McDonald hamburgers will 
improve in speed and precision. Again, discretes will 
handle power and carry out MPU orders. It's impossible 
to peg a precise discrete usage number for these applica
tions, but it will be in the tens of millions/year. 

Other industrial applications I would like to mention 
briefly, because they possess potential for extremely high 
discrete component usage , include large displays, such as 
animated sign boards appearing in major sport stadiums . 
The display technology is quickly evolving, and I think 
we will see a proliferation of this type of equipment over 
the next few years, not only for sporting events, but in 
promotional and advertising signs of every description. 

Another market is energy management. States 
are beginning to legislate "time of day" or "demand" 
measurements of energy usage , with higher charges dur
ing peak load periods . As legislation gains momentum , 
many energy management systems will emerge. One of 
the first, new electric meters , will use MPUs and discretes . 

Traffic control, a new market for discretes, will re
place conventional logic with µPs. Another growth area 
for discretes and µPs is telecommunications , with its shift 
from electromechanical to digital switching. Potential 
for discretes in switching should exceed 15 million dol
lars in the next five years. Discrete usage in telecomm u
nications due to fiber optics will be another 15 million 
dollars over the next five years. 

The µP will be used in washers and dryers , refriger
ators, dish washers and microwave ovens . An even 
greater number of discretes will be required . Since MPU
controlled electronic systems will replace mechanical 
clocks and cams to provide more effective control and 
flexibility, most major appliances will use four to 
eight thyristors and optocouplers. 

At some point in the future, every new home will 
come equipped with a sophisticated MPV-controlled 
security system, requiring a great number of discretes 
to actuate alarms and indicators. Other emerging con
sumer markets include MPV-controlled video games, 
electronic TV tuning and home environmental control 
systems. In automotive applications , while optoelectron
ics will grow slightly, major growth will occur in zener 
diodes and small signal transistors. 

These are just a few examples, but I think they illus
trate the reason for our confidence in the increasing pene
tration of discretes in new markets. So , as I stated at the 
beginning, "Who says discretes are dead?" Perhaps these 
reliable workhorses of industry have less glamour and 
receive less publicity than more exotic LSI develop
ments. But they provide a critical link between the 
feasibility of exotic !Cs and their implementation. 
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We'll Give You 503 More Disk Storage 
than DEC for About Balf the Price. 

System Industries new RH-70 Emulator can 
give you up to 2,400 MBytes of disk storage with 
8 spindles on-line. 

That 's 100 MBytes more per drive than you'd 
get from DEC's RP06 . Which you 'd spend almost 
twice as much for. 

Our ful ly transparent software increases those 
savings by putting the RH-70 to work immediately 
-without additional programming . 

And your computer never has to go off-line . 
By adding our RH-70 you 'll get a large capacity, 

high performance disk storage system for non
stop operations with total system integrity. And 
cost per byte is low enough to keep those savings 
growing. 

The RH-70 is built to keep running too . Just like 
the 6,000 other disk systems we 've installed in the 
last nine years. 

Its reliabil ity is backed by the System Industries 
commitment to on-time delivery, total software 
support, and quick response to customer needs. 

So let us help the computer you bought from 
" our friends in Maynard " save you money. 

Contact the System Industries sales / service 
office nearest you today. 

Or clip the coupon for full details on the best 
price / performance disk system you can buy. 

Systemlindustries 
an equal opportunity employer 

In United States: SYSTEM INDUSTRIES 
525 Oakmead Parkway, P 0 Box 9025 . 
Sunnyvale, CA 94086. ( 408) 732-1650 
Telex 346-459 

In Europe: SYSTEM INDUSTRIES U K. 
System House . Guildford Road , Woking , 
Surrey, GU33 700 , England , (04862) 5077 
Telex· 859-124 

O I'm ready to start saving on my disk storage. Please rush full information . 

Name _ _ ________ Position ________ _ 

Company _________ Address _______ _ _ 

City _________ State ____ Zip _____ _ 

D I want to start saving money today. Please have an applications specia list phone me at : 

______ ext. ____ _ 00179 
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All muscle and no fat. 
Most refresh graphic systems are 

flabby. With lots of features you don't 
need. Without a few you do. 

The MEGATEK 7000 is built lean. 
You get fast graphics throughput. A high 
resolution , real-time, interactive display. 
Complete system modularity. An 
unmatched refresh graphics system. 
At a price that makes sense. 

A built-in 32-bit microcomputer 
with a 64K byte, 32-bit wide refresh 
memory, expandable to 128K. Lets you 
process graphics data fast. And. saves 
you host computer time. Add 
MEGATEK's advanced vector 
generator and you get unbeatable 
graphics throughput. 

Vectors and characters are 
displayed instantly. With precision end 
point matching . And constant intensity. 
12-bit resolution is standard. Vector 
quality that outclasses every other 
refresh system. 

Easy-to-use real-time interactive 
graphics. Outstanding display 

dynamics. Hardware translation. blink, 
dashed lines. Absolute and relative 
jump. All standard . And , hardware clip, 
rotate, scale, and zoom are available 
as well. 

Plus, the MEGATEK 7000 is easy to 
look at. 16 levels of image intensity. 8 
programmable character sizes. The 
screen is clear and readable, even in a 
brightly lit room. And , with selective 
erase, you don't have to blank the 
screen to change a vector or symbol. 

Add a universal computer interface 
that connects to any host computer. 
Field-proven software tl'lat cuts system 
development cost. A full line of 
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peripherals and accessories. Even 
color, if you need it. And, you have the 
most powerful refresh g raphics terminal 
for your dollar on the market today. 

But, don't take our word . Prove 
it to yourself . Call or write for a 
demonstration. And remember, the 
MEGATEK 7000 is backed by a national 
service network with fast, hot-line 
access. 

For full detai ls, write or call Peter 
J. Shaw, MEGATEK, 3931 Sorrento 
Valley Blvd., San Diego, CA 92121. 
(714) 455-5590. TWX: 910-337-1270. 
(European office: 14, rue de l'Ancien 
Port. 1201 Geneva, Switzerland. Phone: 
(022) 32.97.20 Telex: 23343.) 

The Visible Difference 

MEGATEK 
CORPORATION 


